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PREFACE 

In September 198 0 ,  the u.s. De pa rtment of Agriculture and the 
Food and Drug Admini s trat ion asked the Na t ional Ac ademy of Sciences  
to examine the heal th effec t s  o f  die tary ni tra te and ni trite and t o  
evaluate  pos s i ble alternat ive s  to the use of ni tri te  as  a pre serva
t ive in food . Accordingly , the Commi t tee on Ni tri t e  and Alternat ive 
Curing Agent s i n  Fo od was e s tabli shed in  the As sembly of  Li fe Sc iences 
o f  the Nat ional Re search Counc i l  and g iven the task of reviewing 
sc ient i f i c  l i tera ture pert aining t o  the se subjects  and prepari ng two 
re port s .  In i t s  f irs t re port , the Commi t tee asses sed the health 
ri sks assoc iated with overall exposure t o  ni trate , nitri te , and 
N-ni t roso compound s ,  plac i ng empha s i s  on the risks associated wi th 
na tural and added nitrate and ni tri te in food and the u t i l i t y  of 
ni t ri t e  added to  food . In thi s second report , the Commi t tee reviews 
the s tatus o f  re search and future pro spec ts  for deve loping fea s i ble 
alt ernat ive s to the use o f  ni tri t e  as a pre s erva t ive . 

A special ef fort was made to  ensure tha t the collec t ive knowledge 
of the Commi t tee encompassed all the type s of expe rti s e  needed t o  
conduc t a s tudy o f  thi s scope . The result ing mul t id i sc ipl inary group 
i ncludes the biomedical expe rti s e  tha t  was needed to evaluat e  the 
toxicologic and carc inogenic s igni f icanc e of expo sure s to food addi
t ive s and environmental chemical s , the me tabolism and pharmacokine tics  
of such xenobiot ic  compounds ,  and the pract ical i t y , ant imicrobial 
e f f icacy , and utility  of food add i t ive s .  

The search for inf orma tion needed by the Commi t tee went beyond a 
review of  the sc ient i f ic l i t era t ure to include reque s t s  for i nforma
t i on f rom sc ient i s t s  no t on the Commi ttee , federal agency off icials , 
and consultants in the food indus t ry and trade associa t ions . Consul
tant s and o ther persons were also invi ted to  make oral pre sentat ions 
or to pre pare papers for cons iderat ion by the Commi t t ee . In Janua ry 
1 9 81 , a widely advert i sed public  mee t ing was held in an a t t emp t to  
ensure tha t all those wi shi ng t o  contribute mat e rial t o  the Commi t te e 
had the opport uni ty to do s o .  

The Commi t t ee recogn i zed tha t the subjec t of  i t s  s tudy was o f  
grea t int erest  to  the public , whi ch i s  concerned abou t the s a f e t y  of 
food; t o  the food i ndus try , whi ch must  pro vi de a safe and economical 
produc t whi le ea rni ng a fa i r  comme rc ial return; and to the regulat o ry 
agencie s ,  whi ch are resp ons i ble for moni tori ng produc t ion and d i s tri
but ion of  food in  o rder to  protec t public heal t h .  Having recogni zed 
the se intere s t s , the Commi t tee d i rec ted i t s  attent ion t o  the s tudy of 
sc ientific  data that were impo rtant in the development of public 
policy concerning the add i t ion of nitri te  to food . 

v 
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To addre s s  i t s  separa t e  tasks , the Commi t tee f o rmed from amo ng 
i t s  member s two c losely interac ting subgroups . Each was g iven 
prima ry re sponsibi l i t y  for the ini tial analy s i s  of  the evidence 
pertaining to  one o f  the tasks--the health e f fec t s  of ni trate , 
ni trite , and N-ni troso compound s and the status of re sea rch on 
a l terna t ive curi ng agent s .  However , each subgroup contri buted to  the 
work of  the o ther through d i scus sions and shared wri t i ng e f f o rt s . 
The Commi t tee as  a whole revi ewed each report ,  and result ing comments 
have been incorporated into the text . 

The sc ient i f i c  que st ions addre s sed by the Commi t tee were com
plex . Among those mo s t  pert inent to this second re port were the 
f ollowing: For wha t purp oses i s  nitri te added to f oods , i . e . , wha t 
are i t s  effec t s ?  Wha t i s  the evidence tha t alt ernat ives to  achi eve 
these e f fec t s  are needed? How do current food product ion and han
dling pract ices de t e rmine the propert ies that alt ernatives  should 
have ? Can the putat ive ri sk o f  n i tr i te use be amel iorated by means 
o ther than i ts re placemen t ?  Are there agent s or processes  that pro
duce all or s ome of the e f fec t s  of nitri t e  wi th e qual e f f icacy ? If 
s o , are the ir effec t s  on heal th und ers tood? Wha t re sea rch would mo s t  
rapidly t e s t  the fea s i bi l i ty of using suggested a l terna t ive s  i n  
various produc t s ?  

Thi s  re port a ttempts  t o  answer those que s t ions . A summary of  the 
Commi t t e e ' s  find i ngs , conc lusion s , and recommendat ions appears in the 
f ir s t  chap ter . Chap ter 2 reviews some o f  the evidence presented i n  
the Commi t tee ' s  f ir s t  re po rt , o n  the u s e  of ni t ri t e  i n  cured meat s 
and i ts e f fects , and out line s  the Commi t t ee ' s approach i n  evalua ting 
alt ernat ive s to ni t ri t e . Chapter 3 present s general i nformation on  
the  pre serva t ion o f  cured meats , and Chap ters 4 and 5 review the data 
avai lable on antimi crobia l alterna t ive s .  Chapters 6 and 7 evaluat e  
a l ternat ives for two o ther effects  o f  nitri te--i nhi bit ion of l i pid 
oxidation and development and maintenanc e  o f  cured-mea t colo r .  In 
Chapter 8, the vari ous means of  inhibi t ing ni tro samine format ion i n  
c ured mea t s  are evaluated . Chapters 9 and 10 review the i nf o rma t ion 
on  flavor and toxi c i ty for the mos t  promi sing alt ernative s  ident if ied 
by the Commi t tee i n  Chapt er s  4 through 8. F inally , Chapter 1 1  
outlines  the Commi t tee ' s  s ugges t ions wi th re spect  to  long-term 
re search de signed t o  develop alt erna t ive s to ni tri t e .  

Economic considera t ions were not addres sed i n  thi s report , 
becaus e the Commi ttee believed tha t such cons iderat ions were not pa rt 
o f  i ts charge . 

vi 
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The Commi t tee i s  grateful t o  all  who contributed t o  thi s re port . 
I t  wishes e specially t o  acknowledge the contr i bu t i ons of the follow
i ng consultant s ,  who provided valuable i nf o rma t ion and , a t  the 
re que s t  of the Commi t tee , dra f t ed manuscri pts  for review and use by 
the Commi t te e : 

• Robert Ca s sens , Muscle Biology Laboratory , Unive r s i ty of  Wis
cons i n ,  Madi son,  Wi sconsi n  

• Me lvi n Eklund , No rt hwe s t  and Alaska F i s heri e s  Center/ Ut i liza
tion  Research Divi sion , u . s .  De pa rtment o f  Commerce , Nationa l 
Oc eanic and Atmo spheri c Admini s trat ion/ Na t ional Mari ne 
F i sheries Service ,  Sea t t le , Washi ng t on 

• Ha rold L .  Newmark ,  Ho f fmann-La Roche , Incorpora t ed , Nut ley , 
New Jerse y  

• Gl en R .  Schmi d t , Department of Animal Science , Co lorado 
State Univer s i ty , F ort  Co llin s , Colorado 

• Bruce Tompkin,  Re search and Development Center , Swif t and 
Company , Oak Brook,  Illinois  

Ot her organi za tions and individuals that  kind ly suppl ied reque s ted 
i nf o rma t ion or advice  to the Commi t t ee i nc lude the American Mea t  
Ins t i t u t e ;  T .  A .  Ro bert s ,  Meat  Re s earch Ins t i tute , Bri s t ol , Uni t ed 
Ki ngdom; L .  Lei s tner , Ins t i tute for Mi c robiology , Toxicology and 
Hi s tology , Bundesans talt fUr Flei schforschung , Kulmbach , Federal 
Re public of  Germany;  J. N. Sofo s ,  Colorado State  Univer s i t y; M. D . 
P i er son , Vi rg inia Po lytechnic In s t i tute , Blacks burg ; M .  c . Robach , 
Monsanto Chemical Company , S t . Loui s ,  Mis souri ;  T .  Tsuzuki , Ueno Fine 
Chemicals Co . ,  New York; J .  J .  Kabara , Michigan S tate Univers i ty , 
Eas t Lans i ng;  N .  Weinshenker ,  Dynapol Inc . , Palo Alt o , Cal i forni a ;  
and the Envi ronmental Mu tagen Inf ormat ion Center and t h e  Envi ron
mental Teratology Inf o rmation Center , Oak Ridge Nat iona l  Laborat o ry , 
Tennessee . 

The Commi t t ee i s  also gra teful t o  all those·persons who pre sented 
useful data  and pa rt icipated i n  the public mee t i ng held on Janua ry 
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Thanks are also due to  the Board on Toxicology and Environmental 
Heal th Hazards  and the Food and Nu trit ion Boa rd , bo th uni t s  of  the 
Na tional Re search Counc i l ' s As sembly of Li fe Sciences , and to James 
Kir k ,  Phi l i p  Landrigan , Robert Nea l ,  and Steven Tannenbaum , who pro
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CHAPTER 1 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Nitrate, and probably nitrite, have been used for centuries in 
curing salts to preserve meat. Their initial use was inadvertent-
nitrate (as saltpeter) was added as a contaminant of the salt used to 
cure meat. By the late 1800s, however, the value of saltpeter in 
promoting cured-meat color was recognized, and its addition to meats 
was recommended. It was later discovered that nitrate yields ni
trite, which is responsible for cured color. Nitrite inhibits the 
growth of some bacteria that cause meat to spoil and of Clostridium 
botulinum, the microorganism that causes botulism. 

Currently, nitrite (as sodium nitrite) is added to a wide variety 
of cured meats, and nitrate is used primarily in the curing of foods, 
such as fermented sausages and dry-cured meats, that require long 
production times. In these food items, nitrate serves as a reservoir 
for the production of nitrite, through the bacterial reduction of 
nitrate. Sodium nitrite is added to most bacon at 120 mg/kg, to 
other pickle-cured products at 200 mg/kg, and to most comminuted 
(chopped or ground) cured meats at 156  mg/kg. The addition of 
nitrate and nitrite to meats is regulated by the u.s . Department of 
Agriculture (USDA). The use of these agents is also permitted in 
some types of smoked fish. This use of nitrate and nitrite is regu
lated by the Food and Drug Administration (FDA). 

In recent years, the finding that nitrite can interact with 
various amino compounds to produce carcinogenic N-nitroso compounds, 
such as nitrosamine&, has caused considerable concern over possible 
adverse health effects and has resulted in a search for safer preser
vatives. In its first report, the Committee on Nitrite and Alterna
tive Curing Agents in Food evaluated the health effects of nitrate, 
nitrite, and N-nitroso compounds. Because nitrate and nitrite 
contribute to-human exposure to !-nitroso compounds, which are 
carcinogenic in laboratory animals and may be carcinogenic in humans, 
the Committee recommended that exposure of humans to these agents 
from all sources be reduced. 

Humans are exposed to nitrate and nitrite from a variety of 
sources. For example, for the average u.s. citizen, most nitrite 
comes from cured meats ( �39%) and baked goods and cereals (�34% ). 
However, 87% of nitrate ingested comes from vegetables and when the 
conversion of nitrate to nitrite in the human body is considered, 
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mos t  of  the ni t ri t e  t o  whi ch the average u.s. c i t i zen i s  exposed 
ac tually  c ome s f rom vege table s  ( �.7 2% ) , and less than 10% comes f rom 
cured meat s .  Al though the contri but i on of cured mea t s  t o  the total body 
burd en o f  nitri t e  was e s t imated by the Commi t tee to be less  than 10% , 
the Commi t t ee recommended that  the amount of  ni t ri t e  added to  cured 
meats  be reduced " t o  the extent that pro tection against botuli sm i s  not 
compromi sed . "  The Commi t tee also recommended that the sea rch for  
a l ternat ive s t o  ni tr i t e  in cure d  mea t s  be cont inued and that no  new 
agent or combinat ion of agent s  be subs t i tuted for  ni trite unt il adequat e 
t e s t ing has ensure d that it does not pre sent a greater ha zard t o  human 
heal th . 

The Commi t tee has now examined the s tatus of  re search on proposed 
alterna t ive s to the use of nitrite  in cured meat s to  det ermine whe ther 
sui table agent s a re avai lable . In add i t ion ,  s tra tegies for long-term 
re sea rch on alterna t ive s to ni trite were developed . 

Al though ni tri te ha s been used as a pre serva tive for many years , i t s  
spec i f i c  effects  i n  cured mea t s  have been invest igated only relat ively 
re cent l y .  Studies  have revealed that , i n  general , ni tri te has anti
mi crobial , antioxidant , and sensory (color and flavo r )  propert ie s  and 
that the nece s s i t y  f o r  the se effec t s  of ni tr i te vari es among d i f ferent 
cure d-mea t produc t s .  

The need for  n i tr i te o r  an a l te rnat ive a s  an antimicro bial agent 
depends on the degree of contamination of a produc t , the abi l i t y  o f  
intrins ic  product charac teri s tics  to inhi bit microbial prolifera t i on ,  
and the likelihood tha t the produc t wi l l  be expo sed t o  t emperature s  tha t 
permi t mi crobi a l  growth . On the basis  of  data currently available , 
shelf-s table canned cured meat s  and perishable canned meat s  are the 
produc t s  most l i kely to  become toxic  or spoi led if ni t r i t e  add i t ion i s  
reduced or  omi t ted wi thout a n  effect ive re placemen t .  Dry and semi dry 
f erment ed sausages , d ry-c ured cuts , some bacons ( e . g . , those containing 
f e rmentable carbohy dra t e ) , and comme rcially s t eri le produc t s  are le s s  
l ike ly to  become toxic o r  spoiled i n  the absence of  ni t ri te or  o ther 
subs tances wi th ant imi c robial  prope rt ie s .  

Proper re frigeration can reduce the risk o f  botulism from peri shable 
i tems , and , hence , the need for ni t ri t e  in these produc t s .  Thi s me thod 
c ould be made more re liable if consumers  and othe rs who handle the se 
p roduc t s  were be t t e r  educated conc erning the impo rtance of proper  
re fri gera tion in the  safety  of the se i t ems . 

Ni t ri te f ixe s the color i n  mo s t  cured meat s ;  howeve r , the dat a 
i ndicate that the concentrat ion o f  ni trite required to f ix color 
va rie s .  Sod ium nit rite  at  4 0-50 mg/ kg is suf ficient to produc e 
adequately s table cured-meat color  in mo s t  produc t s .  Da ta o n  the 
cont ribution of ni trite  to the flavor of produc t s  and on the amount of 
ni tri te needed to  inhi bit l i pid oxida t i on in various cured mea t s  a re 
i ncomple t e ;  thus , the necessity for  ni trite in producing the se effec t s  
i n  d i f ferent pro duc ts  and the concentrations requi red are unc lear .  
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Al t ernat ives to  the convent i ona l use of ni trite  are of two 
general categori e s--agent s or tre a tments  that  serve as part ial or 
comple te re placement s for  ni t ri t e , and agent s that block the formation 
of nitro samine& in produc ts  contai ning convent i onal conc entra tions of  
ni t ri t e . The Commi t tee assessed the abi l i ty of alt ernat ives in the 
f i r s t  category to  subs t i tute comple tely or part ially for ni tri te in each 
of i t s  e f fec t s .  In genera l ,  because mos t  alternat ive s  tested produc e 
only one o f  the e f fec t s  o f  nitri t e  ( u sual ly ant imicrobial ) ,  combina t ions 
of  compound s are of ten nece ssary to achieve all the ac t ions exerted by 
nitri te . In many case s ,  the c ombina t i on inc ludes small amount s  of  
ni t ri te suf ficient t o  produce the cured color (4 0-50 mg/ kg ) . In such 
cases , the Commi t tee evaluated the combinat ion ra ther than each indi
vidual agent . The Commi t tee evaluated agents in the second category for 
their ability t o  i nhibi t the format ion o f  ni tro samine s i n  bacon . 

For each o f  the alternat ive s ,  or combinations of alt erna t ive s ,  shown 
t o  be e f fec tive in one o r  more cured-meat produc t s ,  the Commi t t ee re
viewed data on sens ory charac t e ri s t i c s  to determine whe ther the produc t s  
so  t rea ted would be acceptable t o  consumers , as  well a s  data o n  acute 
and chronic toxi c i t y  to  d e t e rmine whe ther the proposed alterna t ive could 
pre sent a hazard to human health . 

On the basi s  o f  i t s  overall review , the Commi t tee found the 
followi ng proposed al terna t ive s to be mos t  promis i ng at pre sent : the 
combination o f  asc orbat e , a-toco pherol , and ni tri t e ;  irradiat ion (wi th 
or without ni tri t e ) ; lac tic-acid-produc i ng  o rgani sms (wi th or  without 
ni t ri t e ) ;  po tassium sorba te with low concentrations of ni t ri t e ; sodium 
hy pophosphi te  (wi th or wi thout ni tri t e ) ; and several fumarate  ester s .  

All the above-ment ioned alt e rnat ive s ,  wi th the exce ption o f  
a scorbate and a -t ocophero l ,  serve as  part ial or  comple t e  re placement s 
for the antimi c robial e f fects  of ni t ri t e . Ascorbate and a -tocopherol 
func t ion as inhi bitors o f  nitro samine format ion .  

STATUS OF PROPOSED ALTERN ATIVES 

Asc orbate and a -Toc o phero l 

Ascorbate i s  an excellent inhibitor of  nitro samine f ormat ion in non
food system s , e specially at low pH . It is also effect ive in a vari e t y  
of cure d mea t s , inc luding frankfurt ers , ham , and bacon.  The USDA cur
rent ly requi re s  tha t sodium ascorbate or sodium e ry thorba te  a t  550 mg/ kg 
be used t o  reduce the amount of nitro samines formed in bacon-- the cured
mea t  produc t in whi ch the hi ghe s t  concentrations of ni trosamines  a re 
f ound . Howeve r ,  because nitrosami nes  a re formed duri ng cooking in the 
lipid po rtion of  bacon ,  ascorbate , wi th only slight solubi l i t y  i n  
l i pids , i s  no t compl e t e ly successf ul . 
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a -Tocophero l also inhi bi t s  the format ion of ni t ro samines , and i t  i s  
soluble in lipid s .  Evidenc e  tha t a -toco phero l  i s  ef fect ive in mea t 
sys t ems c ome s primari ly f rom s tud ies in pickle-cured bacon , in whi ch 
s i gni ficant reduct ions in ni trosamine format ion have been re ported . 
Be cause a -tocopherol i s  i nsoluble in aqueous cure mixture s ,  special 
me thod s ,  such as  the i nc o rporat ion of polysorbate emulsif iers in the 
cure , a re re quire d to ensure adequate d i s tr i but ion in the produc t .  
a-Tocopherol can also be applied t o  the surface o f  the produc t by 
spraying or dipping--frying d i sperses  it throughout the bacon . 
a-Tocopherol i s  effec t ive in bacon a t  a concentra tion of 500 mg/ kg . 

The combina t ion o f  ascorbat e and a -toc opherol (ascorbate  o r  ery
thorbate  at 550 mg/ kg and a-tocopherol at 500 mg/ kg ) ha s been shown t o 
be e f fe c t ive in inhi bi t ing ni tro sat ion in bacon and does not interfere 
wi th the ant i botulinal act ivi ty of  ni trite  in bacon when t e s ted sho rtly 
af ter processing ( 1-10 days ) . However , the effect  of the combinat ion on 
ant i bo tulinal act ivi t y  has not been tes ted after  longer periods of s t or
age . In add i t ion , al though asco rbate and a-tocopherol have been tes ted 
in toxi c i t y  assays separately and have been shown to have no advers e 
health e f fec t s , there have been no toxic i ty t e s t s  of the combinat ion of 
asc orbate , a-toco phero l ,  and ni trit e .  

Ir radiat ion 

The use o f  ioni z i ng  radiat ion , such a s  gamma irradiat ion , is an 
es tabli shed me thod of  mi c robial ina c t iva t ion and ha s been s t ud ied as a 
me thod for  pre servi ng many f ood s .  I t has been found e f fec tive agains t  
c .  botulinum i n  c orned bee f and has been tes ted in combina tion wi th low 
concentrat ions of sodium ni tri te ( 2 5-4 0 mg/ kg ) in ham and bacon . Thus , 
irradiation may ei the r subs t i tute for  the antimi crobial e ffec ts  of  ni
tri te o r  be used to reduce the concentra t i on of  sod ium nitri te required 
for ant imi crobial act ivi t y . Because irrad iation would no t p revent l ipid 
oxida t ion or impa rt cured color or  f lavor to a produc t , i t  would proba
bly be used mos t  commonly in combinat ion wi th low concentrations (4 0-50 
mg/ kg ) of sodium nitri t e . Bacon t reated with a combina t i on of i r ra
diat ion and low concentrations o f  sod ium ni trite ha s been evaluated by 
sensory panels for  f lavor and has been found to be accep table . Howeve r , 
al though the toxi c i t y  o f  irrad iated mea t and f ish ha s been inves tigated 
i n  several s tudies , the Commi t tee was unable to f ind any pub l i shed 
re port s on the toxic i t y  of  irrad iated cured meats  contai ning low 
conc entra t ions of nitri te . 

Lac t i c-Aci d-Produc i ng O rganisms 

Loweri ng the pH of cured-meat produc t s  can 
inhibi t prolifera tion of microbial pa thogen s .  
lactic-ac id-produc ing bac teria and f ermentable 
cured-meat f o rmulations is cur rently permi t t ed 

reduce spoi lage and 
The incorporat ion of 
carbohydrates in 
to reduc e produc t pH ; 
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howeve r ,  ni t ri te , at conventional concentra t i ons , i s  also i ncluded . 
Ad dit ion o f  lac t ic-ac id-produc ing bac teria and fermentable carbohydrate 

ha s also been tested as a poss ible replacement for ni trite i n  bacon ,  a 
peri shable ( normally re f ri gera t ed )  produc t in whi ch acidulation would be 
ac t ivated by t emperature abuse s t imulat i ng the metabolic ( fermentat ive ) 
ac tivi t y  of  the lac tic-acid-produc i ng  bac teria and their  prolifera t ion . 
Excellent protec t ion agains t the f o rmat ion of botulinum toxin wa s 
achi eved i n  bacon wi th the add i t ion o f  bac teria and sucrose wi th or  
wi thout ni trite  a t  4 0  or  120  mg/ kg .  Bacon containi ng the combinat ion o f  
lactic-ac id-produc ing bac teria and low concentrat ions of  ni tri te has 
been judged by sens ory evaluation pane l s  to  have acceptable flavor . 

Po tassium Sorbate  

The combina t i on of potass ium sorbate ( 2 , 600 mg/ kg ) and sodium 
ni trite  (4 0-80 mg/ kg) has been t e s ted  i n  bacon produced under a va rie t y  
of commerc ial processing cond i t ions and has ant i bo tulinal act ivi t y  e qual 
to tha t of sodium ni t ri t e  a t  1 20 mg/ kg .  The combina tion of sorbate and 
l ow ni tri te  is also act ive agains t c .  bo tulinum in frankfurter emuls ions 
and is ef fec t ive against salmonel lae and Staphylococcus aureu s .  Bacon 
containing thi s c ombination has been j udged by a s ensory evaluation 
panel to  have acceptable flavor and colo r .  Al though sorbat e  alone i s 
u sed in a vari e t y  o f  o ther foods and does not cause adve rse e ffec ts  in 
toxi c i ty tes t s  conduc ted i n  animal s ,  several reac t ion produc t s  formed by 
the combinat ion of  sorbate and ni tri t e  have recent ly been found to be 
mutagenic , and further tes t i ng  of the se reaction produc t s  i n  mammalian 
cell systems and in animals may be neces sary t o  provide more definit ive 
i nf o rma t ion on the toxic ity  of thi s combinat ion.  

Sodium Hypophosphi te 

Sod ium hypopho sphi te , a lone at  3 , 000 mg/ kg or at  1 , 000 or  3 , 000 mg/ 
kg i n  combinat ion wi th sodium ni t ri t e  a t  4 0  mg/ kg ,  ha s ant i botulina l  
a c t ivi t y  in bacon at  lea s t  equal t o  that of  conventiona l nitr i t e  use . 
Thi s f ind i ng , howeve r ,  i s  based on only two relat ively small scale com
merc ial plant s t ud ies . In add i t ion , t oxic ity  t e s t s  have not been con
duc ted on sodium hypopho sphi te  or the combi na tion of sodium hypopho s
phi te and ni tri t e .  Sensory evalua ti on o f  bacon containing sod i um hy
po pho sphit e , alone or i n  combina t ion wi th low concentrations of ni t ri t e , 
has been conduc ted , and both types of  produc t have acceptable f lavor . 

Fumarate E s t ers 

In a small-sc ale s t udy of bacon produced under s imulated commerc ial 
cond i tion s , monome t hylfumarate or monoe thylfumarate at  1 , 250 mg/ kg  wa s 
as  e f fe c t ive as  sodium nitri te  at  120 mg/ kg .  Sensory evaluation re
vealed tha t the me thylfumarat e- treated bacon was ind i s t i ngui shable from 
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n i tri te- t reated bacon. Toxic i t y  t e s t i ng  on the fumarate esters  has not 
been performed . 

Conc lus i ons and Recommenda t ions 

The mos t  promi sing alt erna t ive to  the convent ional use of ni tri te in 
bacon i s  the addi t ion of a -tocopherol at 500 mg/ kg in combination wi th 
a scorba t e  a t 550 mg/ kg and sodium ni tri t e  at 120 mg/ kg . Thi s approach 
s i gni f i cant ly reduc e s  the forma tion of ni trosamine s in bacon , and the 
Commi t t e e  believe s  that i t  i s  unl ikely to cause adverse health e f fects  
i n  humans when the above concentrations of  a -tocopherol and ascorbat e 
are used . However , the Commi t tee recommends tha t mutagenic i ty and , i f  
nece s sa ry , animal toxic i ty tes t s  of the combina t ion of ascorbate ,  
a -t ocophero l ,  and sod ium ni tri te be conduc ted t o  ensure t ha t  no reac tion 
produc t s  are formed that could af fec t human heal th adversely . In 
add i t ion , the Commi t tee recommends that  the ef fec t of the combi nat ion of 
ascorbate and a -toc o pherol on the ant i botulinal act ivi ty of ni t rite  in 
bacon and other cured-meat produc t s  be evaluated at various time s  after 
processing to ensure tha t thi s act ivit y  of ni t rite  is not compromi sed . 

I r rad iation,  alone and i n  combination wi th low conc entrations of ni
t ri t e , has  been shown t o  be e ffect ive agains t c . botulinum when t e s ted 
in several cured-meat produc t s .  The se f indings need to be conf i rmed and 
extended to o ther product s proces sed under a va riety of commercial con
d i tions . In add i t ion ,  toxicity  tests  of the combinat ion of irrad iation 
and low concen trat ions of ni tri t e  should be conducted.  

Lac ti c-acid-produc ing bacteria , sodium hypopho sphi te , and seve ral 
fumara te  e s t ers have each been shown to  be effect ive i n  bacon agains t 
the formation of botul inum toxi n; however , further test s of the i r  
effect ivene s s  in o ther cured mea t s  have not been conduc ted , no r ha s 
t e s t i ng  been conf irmed under a vari e ty of commercial cond i t ions . The 
Commi t tee recommends tha t su ch t e s t s  be performed and that  the necessary 
t oxic i t y  testing be undert aken , i f  necessa ry . 

Potassium sorbate  in combinat ion wi th low concentrat ions of ni t ri t e  
(4 Q-80 mg/ kg ) ha s been shown t o  b e  a n  effective ant imicrobial agent i n  
bacon and frankfurters  produced unde r  comme rcial condi t ion s .  Bacon 
c ontaining thi s combinat i on had acceptable flavo r .  The Commi t tee 
recommend s that te s t s  for ant imi crobial ac t i vi ty be conduc ted wi th thi s 
combina t i on in other produc t s  made under commerc ial cond i t ions . I t  also 
recommends tha t the que s t ion of the toxic i t y  of mutagenic ni t ri t e-sorbat e 
re ac tion produc ts be re solved . 

RESEARCH RECOMMENDAT IONS 

The Commi t tee of fers a number of general re search recommenda tions 
conc erning future evaluat ions of the need for ni tri te  in va rious 
produc t s , as  well as  long- t erm re search s trategies for developing 
add i t ional a l terna t ive s .  
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Research on the Need for Ni t ri t e  i n Va rious Produc t s  

Because the need f or ni tri te va ries among cured-mea t produc t s  ( and , 
hence , the need f or an alternat ive would also vary ) , the Commi t tee 
recommend s tha t the followi ng re search be conducted : 

1 .  Be cause of the absence of data on the fre quenc y of  c .  botuli
num contaminat ion in raw and cured meat s ,  surveys should be conduc ted 
wi th serial sampl ing technique s  to  determine the extent of contami
nation.  The effect  of  d i f f e rent produc t ion and geographic cond i t ions on 
c ontamination fre quency should be determined . 

2 .  The relat ive f requency of t emperat ure abuse in va rious classe s 
of  peri s hable cured produc t s  i s  unknown. S tud ies  should be undert aken 
to det ermine thi s f requency and to asses s the impac t of public education 
on the fre quency of tempera ture abuse . 

3 .  More i nf o rma t ion i s  needed on the role of  the various intrin
s ic factors ( o ther  than nitri te ) in cure d meat s  tha t  contri bute to the 
cont rol of microbial  prol if eration.  The int erac t i on of  factors tha t 
c ontro l pa thogens and spo i lage i n  d i f ferent commercial produc t s  should 
be inve s tigated (a l i s t of the fac tors  to be inve s t igated is given in 
Chap ter 3)  t o  determine whether manipula tion of  those factors could 
reduce the need for ni trite in such produc t s .  

4 .  The need for ant imicro bial agent s in vari ous cured mea t s  should 
be reasses sed periodically , e spec ially after  change s in produc t ion and 
handling prac t ices . 

5 .  The abili ty of ni tr i t e  t o  inhi bi t lipid oxida t ion and the 
concent rat ion of ni t ri t e  required for thi s ef fec t should be det e rmi ned 
in a vari e ty of cured mea t s .  

6 .  The cont r i bution o f  ni tri te to  the produc t ion of flavo r i n  
various cured meat s should b e  f urther inve s t igated ( Chapters  7 and 9 ) . 

7 .  Al though the ro le o f  nitr i te in produc i ng  cured-mea t color i n  
va rious product s  i s  we ll es tabl i shed and the concentrat ions requ i red f o r  
thi s e f fect are known, t h e  s treng th and mutabi lity  of consumer pre fer
enc e  for the tradi t ional color of cured meat s i s  le s s  c lear and should 
be inve s t iga ted to determine whe ther there is a need for thi s pa rt i cular 
effect  of ni t ri t e .  

8 .  Th e  Commi t tee conc luded in i t s  f ir s t  re port that : 

Special cons iderations are relevant t o  the use o f  
nitra t e  and nitr i t e  in f i sh produc t s .  Mo st import ant 
among the se  are the hi gher f requency of contamination 
of  f i sh wi th c .  bo tul inum spore s  and the fac t  that the 
mos t common contaminating s t rains are able to  grow at 
lower t emperature s .  
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Add i t i onal ly ,  there may be vari at ion in the inf luence  of alterna t ives  
on  the sens o ry charac t e ri s ti c s  o f  produc t s  tha t would  affect  the ir 
acceptabi l i ty . Hence , re search should be conduct ed on alterna t ive s that 
are applicable to  f i s h  produc t s .  

Long-Term Resea rch S trategies  for  De ve loping Alt e rnative s  to Ni tri te 

The major e f fect  of nitri t e  for which alternat ives a re being sought 
is i t s  ant imicrobial ac t ivi t y--e spec ially i t s  inhibi t ion of spore-formi ng 
bac teri a , part icularly £· botul inum .  

Th e  mos t  rational long-term approach t o  developing alternat ive s 
c apa ble o f  elimina t ing the adve rse effec t s  of c .  botulinum would be to  
seek agent s that inhi bi t metabolic proce sses that are  e s sent ial t o  thi s 
microorgani sm and other spore-formers , but are absent in humans . To 
accomplish thi s , more i nformation on the physiology of spore-forming 
microorgani sms is needed . Re sea rch emphas i s should be on fac tors that 
affect  dormancy , inj u ry , ac t iva t i o n ,  germination ,  and pa rt icularly 
outgrowth of  spore s ,  e spec ial ly those of c .  botulinum . Informa t ion on 
e ssent ial processes in the spore-t o-cell trans i t ion could then be used 
t o  deve lop spec i f ic inhi b i t or ( s )  of  the t rans i t ion . 

The resea rch necessary to  obtain this knowledge and to des ign and 
d eve lop selec t ive antimicrobial agent s i s  l ikely to be labori ous and 
expens ive . Al though such re sea rch would no t be guaranteed to lead t o 
the deve lopment o f  alternat ive s  to  ni tri t e  in the near future , the 
Commi t t ee rega rd s  thi s approach a s  a nec e s s a ry  inves tment in the search 
for alternative s to  ni tri te . Such alte rnat ive s not only would reduce 
the ri sks a s sociated with consump tion of  cured mea t s  tha t contain 
ni tri te , but also could be used in o the r food produc ts  i n which spore
forming mi croorgani sms current ly  pos e the ri sks of botulism or spo i lage . 
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EVALUATING ALTERNATIVE S TO NITRITE 

Salt ing of  mea t and f i sh t o  prevent them f rom spoi ling or causing 
illne s s  i s  an anc ient prac tice . The salt used in these early curing 
procedure s probably contained impuri t i e s , i nc luding ni t rate , which 
can be reduced t o  yield ni trite . Ove r many centurie s ,  the va rious 
effec t s  at tributable t o  the i ngred ient s of  curing salt became recog
ni zed , and proce s se s  we re modi fied to op t imi ze produc t i on of t hose 
e ffec t s . Co lor f ixation wa s the f i rst  e f fec t spec i f ically at t ri buted 
to ni t ri te . It wa s later recogni zed that ni t r i t e  had ant imi c robial 
and thus , health protec t ive func t ions , such as d e laying t he f o rmat ion 
of Clos t ridium botulinum toxi n .  Mo re recent ly , t he ant ioxidant role 
of n i t ri t e  in i nhibi t i ng ranc id i t y  ( re sulting f rom l i pid oxidat ion) 
ha s been recogni zed , and i t s  cont ribut ions to t he f lavor of cured 
product s ,  i nvest igated . 

Over the last two decade s , howeve r , c onc erns have ari sen that 
bo th delibe rately added and naturally occurri ng ni t rate  and ni trite  
in food s might have adve rse long-t e rm  c onsequence s for human he alth . 
In Septembe r 1980 , the u . s .  Departme nt o f  Agriculture and the Food 
and Drug Admini s t ration asked the Na tional Ac ademy of Sc ienc e s  t o  
conduc t a study o f  i s sue s re la ted t o  these  concerns . 

In i t s  f i rst  re port , the Commi t tee on Ni trite  and Al te rnative 
Curi ng Agent s i n  Food , which wa s e s tabli shed by t he Na ti onal Academy 
of Sciences , d e scri bed the use of n i t rate and ni tri t e , the e f fec t s  
a t t r i butable t o  these  compound s ,  and t he potent ial health ri sks 
associated wi th expo sure to t hem ( Na t ional Ac ademy of Sc iences , 
1 9 81 ) . The Commi ttee recogni zed that  ni t ri t e  und e r  some cond i t i ons 
may react wi th nit rosatable subst rates , such as ami ne s and amide s ,  to 
produce N-ni t roso compound s ,  such a s  ni t ro samine s ,  many of which have 
been shown t o  be c arc inogenic in laboratory animal s .  Ni trate can be 
reduced to ni t ri t e  and thus may i nd i rect ly cont ri bute to N-ni t roso 
compound format ion . 

The Commi t t ee conc luded that reduct ion i n  exposure t o  ni t rate and 
ni t r i t e  might lead to  a reduc t ion in risk . It recommended that the 
various expo sure s o f  humans t o  t he se c ompound s be reduced , be cause o f  
the i r  potent ial for cont ribut i ng to  exposure s t o  N-ni t roso compound s . 
Regard ing the addi tion o f  ni t rate and ni t ri te t o  f ood s ,  i t  recommended 
tha t the use of ni t rate be di scont i nued in all bu t a few cured pro
duc t s ,  t ha t  the amount o f  ni t ri te be reduced t o  the ext ent that 
protection agains t botuli sm is not compromi sed , and that the search 
for a l ternatives to ni t ri t e  be cont inued . 

2-3 
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In thi s re port , the 'Commi t t ee ha s evalua ted alternat ive s to 
ni t ri t e  by examining the e f f icacy of  three general ap proa ches to 
re duc i ng the ri sks asso c iated wi th the add i t i on of  ni tri te  to  cured 
mea t s :  

• Re duc t i on i n  the amount of  n i tr i t e  added . 

• Sub s t i tution of  ano ther agent or treat ment for  ni t ri t e . 

• Use  o f  n i t r i t e  i n  c ombi na t ion wi th an agent tha t inhi bi t s  the 
f ormation o f  N-ni t roso  compound s .  

Be cause a thorough unders tand ing o f  the curre nt uses o f  ni t r i t e  
and i t s  rol e  i n  various produc t s  i s  neces s a ry f or proper evaluation 
o f  alternat ive s  t o  n i t r i t e , the f ir s t  two sect ions o f  thi s chap ter 
review some o f  the conc lusions o f  the Commi t tee pre sented i n  i t s  
f ir s t  re port o n  the uses o f  ni tri t e  and the mos t  i mport ant effec t s  o f  
thi s agen t  i n  cured meat s .  The lat t e r  pa rt  of  the chap ter  out l ine s  
the genera l strategy adopted by the Comm i t tee f o r  the a s se s sment o f  
alt erna t ive s to  ni t r i t e , a s  wel l  a s  a bri e f  d i scus s i on of  the t ype s 
o f  a l t er na t ive s  cons idered by the Commi t t ee .  

U SE OF NI TRATE AND NI TRITE I N  THE UNITED STATES 

In the Uni ted State s ,  n i trate  and ni t ri t e  are used predominant l y  
in  c uri ng re d  mea t s  and poultry . Ni trate , i f  added , se rves mos t ly a s  
a re s ervoir  f rom whi ch ni tri t e  is  d erived . Ni trate  and ni t ri t e  are  
perm i t ted i n  some kind s  o f  smoked f i s h .  I n  some countri e s ,  part i
cularl y European , ni trat e is  used  i n  the produc tion  of  cheese t o  pre
ve nt swell ing; that pra c t i ce is not permi t ted in the Uni ted S tates , 
s o  alt erna t ive s t o  ni tra t e  for  thi s purpose , whi ch have been d i scus sed 
e l sewhere ( Gray� al . , 1979), a re not addre s sed here . Because of  
the l a rge volume s o f  cure d  mea t s  and poul t ry and the re la t ively smal l 
volume o f  ni tri t e-c ontaining f i sh  produc t s ,  thi s report f ocuses on 
re d mea t s  and poul t ry and deal s wi th f i sh produc t s  only where impor
t ant spec ial considerat ions ari se . 

Annua l Produc t i o n  o f  Food s Containing Added Ni trate  o r  Ni t ri t e  

The vo lume o f  p roduct ion of  cured-meat produc t s  to  which ni t ri t e  
i s  added and the general me thod s o f  add i t ion are shown in  :able 2-1 . 
The se  categorie s and the me thods of ni tri te  add i t ion are explained 
more fully below. As the t able i llus tra tes , nearly 4 bi llion ki lo
grams of cured mea t s·we re processed wi th added ni trite  in the Uni ted 
S t a te s  in  1979. 7hi s  amounts  t o  a pproximately 25% o f  all  meat  pro
duced and i nclude s a much hi gher pe rcentage of  some meat s ,  such a s  
pork . The use o f  nitrate i n  produc t s  ha s been decreas i ng ( Bi nkerd 
and Kolar! ,  1975; Cerveny , 1980; Sof o s  and Bus t a ,  1980), but i t  i s  
s t i l l  added t o  many p roduc t s  ( Table 2-2 ) . Mo s t  large pro ces sors have 
re po rted ly s t opped add i ng ni trate  to cured mea ts  except  f e rmented 
sausage s and dry-c ured cuts ( B .  Tompk i n ,  Swi f t  and Co . ,  personal 
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TABLE 2-1 

Meat Produc t s  Pr oces sed with Ad ded Ni t r i t e  Under  Federa l  
Inspect ion i n  the Uni ted S tate s During 19 7 9a 

Sodium o r  
u.s . Production , Potassium Mo s t  Probable 
bi l l ions of Ni tri t e  Added , b Me thod o f  

Produc t kilograms mg/kg Ad d ing Ni t r i t e  

Cured be e f  0 . 13 200 Inject i on 
Ham , no t canned 0 . 83 200C Inje c t i on 
Ba con o . 7 6  1 2 0  Injection 

Sausage : 

Semi dry and 
d ry 0 . 1 5 1 5 6  In cure salt  

Frankfurters 0 . 68 156 In cure sal t 
Bo logna 0 . 3 7  1 5 6  In s ure s a l t  
Loave s ,  cured 

meat 0 . 0 5  1 5 6  In cure s a l t  
Loave s ,  mixed 

meat a nd 
nonmea t 
i ngredients 0. 0 9  1 5 6  I n  cure s alt 

Uver 0 . 06 156 In cure sal t 
Other c ooked 

i tems 0 . 3 8 15 6 In cure salt  

Canned Meat s :  

Hams 0 . 13  200 Injection 
Luncheon meat s  0 . 13 156 In cure sa l t  
Ha sh 0 . 04 1 5 6  In c ure salt  
Vienna sausage 0 . 05 156 In cure sal t 
Mi scel laneous 0. 0 5  1 5 6  In cure s a l t  

ana ta f rom Ameri can Meat In s t i tute , 1 9 8 0 ,  and u .s .  De partment o f  
Agriculture , 198 0.  Thes e  number s are subject  t o  ad justmen t  for  
the  we ight o f  nonmeat i ngred ient s ,  weight loss during cooking , 
and product ion i n  othe r than federally  inspected plant s .  

bAmount o f  n i t r i t e  a dded t o  meat p roduc t s  i s  based on amount o f  
mea t i n  the formulation . Thus , a s  ext enders and o the r nonmea t  
i ngredient s a re i ncreased , nitri te added t o  t otal produc t i s  
de creased . Mos t  commonly , sod ium ni tri t e  i s  the nitri t e  sal t use d . 

CTh i s  d egree o f  nitr i te add i t ion d oe s  not apply t o  count ry-s tyle 
( d ry-cure d )  hams . 
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TABLE 2-2 

Products Processed with Added NitrateS 

PORK 

Bacon (brown-and-serve, 
Canadian-style, country-
cured, country-style, jowl, 
pancetta rolled, pork 
shoulder); ears; fatback; 
hocks, jowls, loin; roll; 
shoulder butt; shoulder picnic; 
hams (canned, chopped, chopped 
loaf, boneless, country-style, 
cured, prosciutto, roll, semi
boneless, shanks, sliced, sliced 
boneless, Westphalian); smoked, 
chopped; spareribs 

POULTRY 

Cured parts, carcasses, products; 
sandwich; smoked; uncooked and 
stuffed; cured turkey ham 

SAUSAGES 

Cooked; cooked and smoked; dry; for 
pizza; Italian (cooked); Italian 
(cooked, cured); liver; New 
England brand; Polish (bratwurst); 
pork; semidry; smoked; smoked, 
country; summer; summer (cooked); 
summer (dry) 

BEEF 

Bologna (beef, garlic, Lebanon); 
breakfast beef; corned beef; 
corned beef brisket; corned 
beef hash; creamed, chipped; 
cured; frankfurters; in brine; 
jerky; meat bar; patties; roll, 
cooked; corned; smoked; sticks; 
tenderloin steaks; tongue, cured 
and smoked 

SALAMI 

Cooked; cotto; dry, hard; Genoa; 

German (dry); Italian (dry, hard) 

OTHER PRODUCTS 

Beerwurst; braunschweiger; bratwurst; 
cannelloni or tortellini; cappicola; 
cervelat; chorizo, dry; freizzes; 
galentini, head-cheese, sailcicca 
with cheese; Holsteinen; kielbassa; 
knockwurst; landjager; linguisa; 
cured meat loaves (beef, ham and 
pepperoni, pickle and pimento); 
longaniza; meats (e.g. poultry in 
sauces, and soy protein product, 
casseroles, cured mixes, cured 
patties, dehydrated, dressing with 
meat and poultry, in a blanket, 
luncheon, macaroni with meat, meat 
and gravy, omelets with meat or 
poultry or other components, or 
poultry, vegetables in gravy, 
pickled, salads, soups with meat, 
spreads); Milano; mortadella (cooked); 
pastels; pastrami; special items 
{burritos, corn dogs, crepes, 
enchiladas, hors d'oeuvres, jellied 
products, lima beans smoked--pork, 
ham, bacon in sauce, pate, pizza, 
quiche products, sauerkraut 
products, veal cordon bleu) 

8Products were identified from new labels approved by the u.s. Department 
of Agriculture from 1979 to 1981 on which nitrate was listed as an 
ingredient. Data from u.s. Department of Agriculture, 1981, personal 
communication. 
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communi cat ion , 1 981 ) , and it  is  u sed mo st ly by small produce rs . ! 
Ni t ri t e  i s  also pe rmi t t ed i n  smoked f i s h .  Tot a l  u .s .  produc tion of 
commerc ially smoked f i sh was 9 . 6  mi llion ki lograms i n  1 9 7 9  ( Na t i onal 
Oceanic and Atmo spheric Admini s t ration ,  1 980) . Produc t s  in which 
ni trite  was allowed c ons t i tuted 5 . 8 million ki lograms of this  t otal . 

Type s o f  Produc t s  Containi ng Added Ni t r i t e  

It i s  d i ff icult t o  descri be the current u . s. use o f  ni t ri te ( and 
ni t rate ) i n  cured red mea t s  and poult ry accurately , because process
ing , packaging , and di stribution technique s are c onstant ly changing . 
The va rie t y  o f  produc t s  t o  which ni t rate  and ni t ri t e  are added i s  
large , p rocedure s a re d ive rse , and meat-p roce s si ng  facili ties  va ry 
g reat ly in size  and i n  the sophi st ication o f  the i r  quality-cont rol 
procedure s .  Many p ractices  u sed widely i n  i ndustry are no t d e scribed 
in textbooks or examined in publi shed re search papers . 

It i s  a l so d i f f icult t o  generalize about produc t c la s se s . One 
can define gene ra l catego rie s into which mo s t  p roduc t s  wil l  f i t , but 
some produc t s  have charac teri s t i c s , such a s  intermediate wa ter 
ac tivi ty , 2 that render them d if f icult t o  categori ze . Many o f  the 
cha rac t e ri s t i c s  of fini shed produc t s  ( such a s  wat e r  ac t i vi ty and pH) 
may re sult f rom t radi t i onal p rac t ices , rathe r t han f rom p rocedure s 
spec i f ically de signed t o  reach targe t value s . The use of " lea s t -co s t "  
formula tion me thod s may mean t hat the c ompos i t ion o f  a produc t vari e s  
eve n ove r relat ively sma l l  period s , e . g . , chicken mea t  i s  i nc reasingly 
be ing inc orporated i nto t radi t ionally red meat produc t s  a s  a source 
of  protei n .  Raw mate rial s and met hods o f  produc t ion , such a s  f e rmen
tat ion , may a l so vary among batches . S pec i f ic i nformation on these 
va riations i s  often no t avai lable . 

Thus , any a t tempt a t  c onc i se d e script ion o f  t he current use o f  
ni t ri t e  and ni t rate runs t he risk of oversimplifying a complex , 
vari ed , and eve r-chang ing situation . The f o llowing de scription o f  

!Canadian manufac turi ng and handling p rac t i ce s  a re generally s imi lar 
to thos e  i n  the Uni ted Stat e s . Al so , t he climat e  in some regions 
of those count ries is nearly ident ical . However , the use of ni t rate 
in Canad ian meat p roduc t s  has been forbidde n , wi th some except ions , 
for seve ral years ( He alth and We lfare Canada , 1 9 7 5 ) . 

2The water a c t ivi ty ,  aw , o f  a food i s  defined a s  the rati o  o f  the 
vapor pres sure o f  wa ter in  the f ood ( p )  to tha t  o f  pure wa ter ( p0 ) 
a t  t he same temperature , i . e . , aw • p / p0• The growth o f  some 
organi sms can be inhi bi ted by lowering the wat e r  ac tivi t y  of a 
produc t .  
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the use of  ni t ri t e  ( and ni t rate) in c ured meat s  and poult ry should 
there fore be rega rded as gene ral; in prac t ic e , the use s of the se 
compound s a re subje c t  to  much varia t ion . 

Cu red-meat p rod uc t s  can be d i vided i nt o  va rious ca tegori e s  on the 
ba s i s  of  the extent to whi c h  they a re hea ted ( i f  at al l) duri ng 
produc t ion ,  o f  how t hey a re c ured , and of  t he i r  wa t e r  a c t i vi t y . 
Fu rther subdi vi sion into  comminuted and no nc omminuted ( prima l or 
"chunk") p roduc t s  i s  pos s i ble . The gene ral categor i e s  of  meat 
product s a re brie f l y  described below t o  fac i l i ta t e  di scus sion of 
the i r  suscep t i bi l i ty t o microbial ha zard and s poi lage and of  the role 
o f  ni t ri t e  i n  d i f fe rent p roduct s . In the fol lowi ng d i scussion , the 
term "proce s s i ng" i nd i ca t e s  manipulation , such as curing or  
comminu t i on . The term "the rma l p roce s s i ng" enc ompa sses  heat i ng  
proce sses  that c on t rol  c .  botulinum , but exc ludes  mi lder hea t i ng , 
such a s  pa steu ri za t i on and smoki ng . 

• Raw ,  Cu red Produc t s  wi t h  High Wa ter Ac t i vity  ( >0 . 9 3) :  Thi s  
category i nc lud e s  t h e  form of co rned beef that i s  packaged raw i n  
free p i ckling solut ion ( Price  and Schweige rt , 19 71 , p .  4 6 5) .  Some 
raw ,  cured p roduct s ,  such a s  baco n ,  a re subjected t o  some smoki ng and 
m i ld hea t i ng duri ng p roduc t ion ( Kramlich� al . ,  1 9 7 3 ,  p .  228) .  

• Raw ,  Cu red Produc t s  wi t h  Low Wa t e r  Ac t i vi t y  ( <0 . 9 3): Scotch , 
pro sc iut to , We s t phalian , and country ham , d ry-c ured bacon , and dried 
sausage s may be cold-smoked and no t heated apprec iably during proce s s
i ng .  O t he r  mea t s  i n  t h i s  category , such a s  some sausag e s , may receive 
some mi ld hea t i ng i f  smoked ( Kramlich  et  al . ,  1 9 73 ,  P• 228; Ni t ri t e 
Safe ty Cou nc i l ,  1 9 80) .  Th e se produc t s-would be sold a s  raw , cured 
p roduc t s  wi t h  a wat e r  ac t i v i t y  that  is low because of  d ryi ng and salt 
add i t i on .  Many d ri ed meat s a re p roduced wi th added n i t ri t e , i nc lud i ng  
d ri ed be ef , je rky , d ry-cured bacon , d ry-cured ham , and many d ried 
sausage s .  Many o f  these depend on re la t ive ly high salt  content , and 
conse quent ly low wa t e r  act ivi ty , f o r  p re servation  at room tempe rature 
( Komari k � al . ,  1 9 7 4) .  

• Cooked , Cu red Produc t s : Th i s  i s  by far t he la rgest  category 
of meat s made wi th added ni t ri t e  ( Price and Schwe ige rt , 1 9 71, P• 
485) .  

Pa steuri zed p roduc t s  hea ted t o  a cent e r  t empe rature of  65-7 5o c 
i nc lude ham s i n  casing s  and in  cans , f rankfurt ers , bologna , live r 
sausage , me at  loave s ,  nonspec i f i c  loave s , and some roll produc t s . 
Some pa steuri zed meat s a re s l iced and packaged aft e r  heat i ng; others  
are heated i n  the i r  f inal  conta iners . Bac on i s  c la s s i f i ed a s  a raw , 
cured p roduc t , because i t  i s  gene rally no t heated suf f i c ie nt ly to 
pa steuri ze i t; but , wi th re spec t t o  i t s  mi c robial p rof i le , i t  is  more 
aki n  t o  cooked , cured p roduc t s . 

A second class  o f  cooked , cured me a t s  i nc lud e s  the so-called 
"she lf-stable" product s ,  such a s  canned lunche on mea t s  and p ref ried 
canned bacon ( Ce rveny , 1 980) . These i t ems a re normally heated to  a 
center t emperature of  9 5-l l 20C , whi ch alone i s  not suff icient to  
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ki l l  spore s o f  c .  botul i num or o t he r  o rgani sms , but i n  conjunc t i on 
with o ther fact or s , such a s  t he presence o f  ni t r it e , c an d e lay t hei r 
outg rowth .  Many of  the s e  p roduc t s  contain not only meat , but al so 
many o the r i ng redi ent s , such as c e real and soy prot eins . Thi s  c la s s  
al so  i nc l ude s canned hams and shoulders . 

Some c ooked p roduc t s--such a s  c orned beef hash , devi led ham , meat 
s p read s ,  and Vi enna sausage s--a re defined a s  "comme rc ially sterile , " 
i . e . , free o f  pa thogens , a s  we ll a s  mic roorgani sms capable o f  g rowing 
und e r  no rmal nonre f rigerated storage cond i t ions . They receive 
thermal processing of a t  least 2 . 7 8 min a t  1 21 oc . 

Me thod s o f  Add i ng Ni t ri t e  t o  Meats 

E f fective pre servation of mea t frequent ly depend s  on uniform 
distribut ion of  the ac t i ve agent ( s )  throughout t he produc t . Various 
methods o f  applying ni t ra t e  and n i t r i t e  have d eve loped . In s ome 
case s ,  such as d ry-curi ng ( desc ribed be low) , the method of cure 
add i tion plays a large  part i n  defining t he ult imate s e nsory 
charac t e ri st i c s  o f  a p roduc t . 

Ni t r i t e  i s  added t o  meat p roduc t s  a s  a ni t ri te salt , u sually 
sodium ni t ri t e , as a ni t ri t e-containi ng cure salt , or a s  a solution 
o f nitrite  and o t her  i ngredient s referred t o  a s  " p ickle . "  The me thod 
of add i tion may affe c t  t he uni formi t y  of d i s t ri but ion of ni t ri te and 
thus the mi nimal conc ent rat i on needed t o  achieve c onsistent re sul t s , 
e . g . , i n  colo r  development . Amount s of  ni t ri t e  adde d t o  some type s 
of meat p roduc t s  and m�t hod s o f  add i t ion a re l i sted i n  Table 2 -1 .  

Curi ng pickle typical ly contains wat e r , sod ium c hloride , suga r ,  
phosphate , a scorbate ( o r  i soasc orbate ) ,  and sodium n i t r i t e  ( Kramlich 
e t  a l . , 1 9 7 3 ,  p .  40) . Curi ng pi ckle i s  used mo s t  f requently wi th 
intact meats that a re not ground . In t he c a se o f  i ntac t , or p rimal , 
p roduc ts that are made f rom po rtions o f  meat weighi ng mo re than about 
100-200 g ,  the p i ckle is u sually i njected . With boneless  produc t s  
and some t ime s wi th bone-i n product s ,  mul t ineed le injectors  a re 
commonly used ( Kramlich e t  al . ,  1 9 7 3 ,  p .  5 8 ) . Wi th properly ad justed 
mu lt ineedle injection ,  d i s t r i but ion of the ni t r i t e-containi ng pickle 
can be rea sonably uni form . In addi tion ,  some bonele s s  hams and cured
bee f  p roduct s a re subj ected to me chani cal t reatme nt --tumbli ng or 
mas saging--a f te r  p ickle i n jec t ion to d i s t r i bute the p ickle more 
uni fo rmly . 

Ni tri te is generally added t o  g round or  chopped ( comminuted ) 
meats i n  cu re sa l t  o r  as  sodium ni t ri t e  duri ng the blending o f  the 
meat . Th i s  u sually re sul t s  i n  ve ry uniform d i s t ri bution o f  t he 
ni t rite . In sausage manufacture , t he meat  i s  g round again and 
blended o r  chopped to t he d e s i red c ons istency . Coarsely c omminuted 
produc t s  a re used f o r  d ry and semi d ry sausage s and some loaf pro
duc t s .  Ve ry f ine ly c omminuted emulsions a re used for a large vari ety 
of skinle s s  f rankfu rter s ,  bologna , and loave s .  
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Finally , a numbe r of  produc t s  have nit r i t e  or ni t rate  ( o r  bo th)  
ap plied a s  pa rt o f  a d ry rub ( Kramlich e t  a l . ,  p .  5 2 ; Price  and 
Schweige rt , 1 9 7 1 , p .  463 ) . The rub usually contains sodium chlorid e , 
sugar , and s odium n i t r i t e  or n i t rate ( o r  bo th) , which a re blended and 
t hen me chanically o r  manually applied t o  hams , be l lie s , or beef . 

Ha nd l ing o f  Cu red Produc t s  a f te r  Processing 

The t ime t o  consumption o f  cured produc t s  may vary f rom le s s  than 
a day to more than a year a f ter produc tion . For example ,  produc t s  
f rom local and regi ona l p rocessors may be consumed wi thin 2 wk . 
However ,  mo s t  cured-meat produc t s  c onsumed in the Uni t ed S tate s a re 
d i s t ribut ed through complex d i s t ribution c hains . A produc t f rom a 
nati onal packer may have t o  pa s s  through t he producer ' s warehouse ,  a 
broke r ,  a re tai l warehouse , and a re tail  sto re . Pe rishable p roduc t s  
mus t  remain who lesome and acceptable f o r  1 -2 mo . Othe r  produc t s , 
such a s  pas teuri zed canned hams , may be consumed up to  a year af ter 
p roduc t ion . During this  t ime , t emperature a busel may o c cur i n  t he 
produc tion plant ( e . g . , on t he loading dock) , i n  t rans i t  duri ng 
d i s t ri but ion ,  a t  a warehouse , at  a retail s tore ( e . g . , a t  t he top of 
a di splay cas e )  or by the consumer ( e . g . , i n  a car t runk o r  i n  an 
insuf ficient ly c old  re frigerator ) .  

Because the ac tual t ime t o  c onsump t i on for  nit ri t e-cured p roduc t s  
va ri e s  widely and re sidual ni t ri t e  dec rease s duri ng storage , po ssibly 
to be low the conc ent ra tions detec table wi th commonly used me thod s  
( < 1 0 mg /kg ) , g rea t diff icul ty i s  encounte red i n  using re sidual ni t ri t e  
content a s  an approach t o  re gulation on this i ssue . 

THE EFFECTS OF NITRITE IN CURED MEATS 

The ability t o  promote the development o f  a reddish-p ink c o lor i n  
cured meat s wa s at t ri buted t o  ni t rate sal t s  ( saltpeter ) by the late 
1800s ( Smi th , 1 8 9 5 ) . I t  wa s later d i scovered t hat  n i t rite , and no t 
ni t rat e , p roduced the typical color of cured meat s ( Ki sskalt , 1899 ; 
Lehmann ,  1 89 9 ) . The spec i f i c  cont ri but ion o f  ni trite t o  the ant i
microbial  effec t s  of  cure sa lt  wa s no t recogni zed unt i l  the late 
1 9 20s ( Lewi s and Mo ran , 1 9 2 8 ) , and defini t ive evidence that nitrite  
was an effec t i ve anti botulinal agent came even lat e r  ( Steinke and 
Fo ster , 1 9 51 ) . The role o f  ni t ri t e  a s  an i nhibitor o f  li pid oxida
t i on and i t s  cont ribution to flavor have only recent ly been i nvest i
gated ( Cho and Bra t z ler , 1 9 70 ;  Sato and Hegarty , 1 9 7 1 ) . 

!subjec ting of  the p roduc t  t o a temperature more favorable to  the 
g rowth of  contamina t i ng  mi c roorgani sms than i s  the recommended 
storage temperature . 
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Inhi b i t ion o f  Mi croorgani sms 

The method used to pre serve a part i cular produc t frequent ly 
de t e rmines the potential for the growth of spoi lage and pa thogeni c 
microorgani sms . Thus , the spec i f i c  contri bution of ni tri te  to the 
inhi b i t ion of  potential pa thogens and spoi lage mi croorgani sms varie s 
wi th the product s  in whi ch i t  i s  used and wi th variat ions in their 
production,  handling ,  and abuse .  

In i t s  f i r s t  report ( National Academy o f  Sc i ences , 19 81 ) , the 
Commi t tee reviewed data  on the e f f i cacy of ni tri t e  as an antimicrobia l 
agent arid conc luded that ni tri t e , in  as sociation with o ther components 
in the cure salt , exe rt s a concentration-dependent ant imi c robial 
e f fect  i n  cure d  produc t s ,  i nc luding , but not  limi ted t o , inhi bi t i on 
o f  the out growt h  of spore s o f  pu tre fac t ive and pa thogenic clos tridia , 
such a s  Clostri d ium botulinum .  Thus , ni tri te provide s pro tection 
aga ins t the risk t o  hea l t h  posed by botulism .  Under conditi ons o f  
exce s s ive contamina tion o r  pro longed temperature abuse , ni trite doe s  
no t indef ini tely prevent such out growth , and spoi lage or toxin 
produc t ion may ultimately ensue . Re si dual ni tri t e  appears to be an 
important det e rminant o f  the degree o f  protection provided by ni trit e . 
Thus , any produc t or process change s  tha t  re sult in a lowe r  concen
trat ion of  re sidua l  ni tri te ( e . g . , adding le s s  ni tri t e  or i ncreasing 
i t s  rate  o f  depl e t ion) wi ll i ncre ase the like lihood of toxi c i ty i f  
the product i s  contaminated and abused . However ,  o ther fact ors tha t 
i nf luenc e the ri sk of bo tulism , such as  contaminat ion or the timing 
and durat ion o f  temperat ure abuse , are no t pred ic table . It i s  there
f ore no t possible t o  derive a quant itat ive re lationshi p between the 
protec tion provided by ni tri t e  and the risk of botuli sm or to deter
mine the

· 
degre e o f  pro t e c t ion that i s  necessary to  ensure the safety 

o f  a pa rt icular product . However , a subs tantial amount of i nforma t ion 
exi s t s  i n  the case o f  some product s ,  e . g . , bacon, and for the se , i t  
i s  often pos sible t o  qual itat ively predict  the effect  o f  changes i n  
produc t formula t i on o n  the degre e o f  pro tect ion against toxigenesis  
from £• botulinum spore s .  

A summary o f  the ant imicro bial act ivi ty o f  ni trite i n  cured meat s  
i s  g iven i n  Table 2-3 . Depending on a number of fact ors--inc luding 
the conc entra tion of  ni tri te , environmental condit ions , and the type 
of  food produc t--ni tri te may also contribute to the control o f  
pa thogens o ther than £• botulinum , e . g . , Staphylococcus aureus , 
Bac i l lus c e reus , and £• perfringen s . However ,  ni tri te  i s  no t re
gard ed a s  a key factor in t heir contro l . In addi t ion , nitr i t e  
re t a rds  mi crobia l spoi lage o f  cured meats  by inhibi t ing the growth 
o f  a vari e ty of  org ani sms , e specially anaerobic and aerobic spore
forming bac teri a .  

The mechani sms by whi ch ni tri t e  inhi bi t s  spore outgrowth and t he 

growth o f  vegetat ive cells o f  microo rgani sms is  not fully understood ;  
but , in the case of  some bac teri a ,  i t  appears to involve reaction 
wi th iron-containi ng enzyme s .  A more thorough knowledge of  the 
mechani sm would facili tate a search for alternat ive ant imicrobial  
agents . 
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TABLE 2- 3 

The Effects of Ni trite in U . S . Cured Red Meat and Poultry Products 

Ia e-nded 
Storqe !!!perature , • cb 

Potent ial for 
�ratura Abuaa or 
ContaiaaUon II)' 
Procea aor ( P ) , 
Dlatrlbutor ( D) ,  
eona-r lefor• ( a) 
or After ( CA) Oelli!!f 

uc:e or lOt , or PoorlJ, 
Controlled II)' COIItrolled II)' 
IOz- :IO�z�-----------

law , Cured Producu 1 

H1sh Water Ac t ivity : 

lacon 

Othe r p i ckle
cured producu 
( e o l • r DOked 
taa.) 

Low Water Ac tivity :  

Dry-cured c:u u  
< • • I • , country 
taa.) 

< 4 . 4  

<4 . 4  

0 to •bient 
( i . e . , "'15-lS) 

0 to •bient 
( i . e . , 'I. U-3S) 

Dry , a .. idry , aod 
far.entad aaua
al• < • • I • , Lebanon 
bolopa , aalai) 

Cooked , Cured Producta 

Packased Af ter 
HeaUn• :* 

Sauaasaa < • •I • , 
beef or 
chi cken frank
f ur t era ) and 
•- cold 
cut a 

Periahable < • •l • r 
canned taa.) 

Shelf  atable 
< • • I • , luncheon 
•at)  

c-rcially 
a terile < • • I • , 
deviled ha) 

<4 . 4  

<4 . 4  

Allbian t ( i .e . , 
" U-3S) 

Allbieat ( I . a . , 
"'_15-lS) 

D - LR 
Cl - LR 
C4 - Vary l o. 

D - LR 
a - llodarata 
C4 - Bilh 

D - tlode rate1 
Cl - tloderate l 
C4 - lloderau 1 

P - Moderate 
Cl - low 
C4 - ._ 

P or D - Lw  
a - t.. 
CA - Vary 1o. 

D - tlodarata 
Cl - H11h 
C4 - Hilh 

f or D - Vary lo. 
Cl - ktr-.11 1o. 
CA - LR 

f • D - btr..iJ 
'-

CI - IIIIJ.qSIIla 
CA - Vuy lo.  

Aerobi c Mao
pbUu 

CorJDabacterlal 

Cloatridla 
and lad111 

Cloa trld i a  

Paycbro
trophak 

Cloatri.Ua ... 
other puera
factiYa 
---

Cloa tridl a ,  
t .. I'IIOpbUea 

l,ora-fo�ra 
(vt tb faulty 
procaaaiq) 

:Furthe r e x aap les o f  p ro d u c t s  o f  t h e s e  c a t eP- r i es c a n  be found i n  the text . 
Hos t U . S .  produce rs reco-nded < 4 . 4' c  (40 F) , b u t  < 7 . 2

•
c ( 4 �' F) 1a s t i l l  

v i  t h i n  some l o c a l  laws . c The rank i n p  in Tab le 2- ) o f  the re l a t i ve l apo r t an c e  o f  the va rious f a c t o rs i n
h i b i t i n g  s po i l a ge o rga n i s •  or pathogens are j ud - n t s  o f  the Colai t t ee based 
on d a t a  p e r t a i n i n a  to U . S .  p roduc t s  and , i n  a fev cases , on d a t a  from s tudies 

d i n  o th e r  coun t r i es . 

e Co l o r  f i xa t ion o f  ni t ri te ta s e l e c t i ve for the mua c l e  t i s s ue o f  • a t  p roduc ts . 
Re ferences to nt t rt te ' s  con t r i b u t i on to flavor in various p rod u c t  c l as s e s  a re 
as fol lows : bacon : H uh t anen � �- · 1 9 8 1 ;  Ki.,to � �- · 1 9 76 ; MacDouga l l � 
a l . , l9 75 ;  Racque t t e  et a 1 . ,  1 9 80 ; Wass e r•n et al . ,  19 7 7 ;  W i l l i a• and Greene , 
1'9 79 ; ham and h am-ba&eifroduc ts , i n c l ud i n &  tho;; canne d :  Brown e t  a1 . ,  1 9 74 ;  

DuBose � � · , 1 9 8 1 i  Ma c Do n a l d  !.!, .!.!.· , 1 9 80 ; dey- c u re d  c ut s : EakH And B l u.e r , 
1 9 7 5 ; Eakes � �.!· ,  1 9 7 5 ; KeiiiP � .!.!.· • 1 9 74 ;  fe rme n t e d  s a us ages_: De t h �ae rs � 
�� - ,  1 9 7� ; f rank_fu r t e rs : S l am � ".!• ,  1 9 7 3 ;  Was s e rman and Tal ley , 19 7 2 . 

f so���e raw c u re d  p ro d u c t s  may be mi l d l y  hea t ed d u r i n g  Slloking ( In t e rn a t ional 
Colai s s i on o n  Ki c ro b i o l o gi c a l  S pe c i f i c a t i on s  for Foods , 1 9 80 , pp . 1 36- H9 ,  

3 3 3-409 ; Ni t ra t e  Sa fety Counc i l ,  1 9 80 ) .  

Lact ic•" 
1Ucrococc1 

Paycbro\ropba 11 
Lact1ca 
JUcrococd 

Nolde 
Tauu 

Payc:hrotrophak 
Lact 1ca11 
Taut 

low t •paratura 
laCl 
Aaaaroblc pack-

qi• 
., -pl2 
Baatlncf followad 

bJ low t .. paratura 
110 -
.. �1 
Anaerobic patkalilll 
pi 
Low aw 
10 -
•• �1 
Anaerobi c packa1i• 

Acid or low a w 
Baatiq 
10 -
ADlarobi c packa1in1 

BeaU• foll-d 
II)' low , .. pera-
ture 

Maarobi c packa1i •  

Paataurl•at ion vitb � •tollowad II)' 
low tnpe nture 

Sealed container 
laCl 
Tbar.l proceaa 
Sealed coatalner 
10 -
Rall 
Tbar.l procaaa 
Sealed cont ainer CR02- /NaCl 1 f  

procaaalnl faul ty ) 
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TABLE 2-3 ( cont inued ) 

Pat hog e n s  lffecta of Nitrite on : 
Re d u c e d  or  No t , or Poor l y ,  
Cont rol l ed b v  NO,- Con t r o l l e d  by NO,- Inhibited  by e 

C .  bot u l 1 n11111 
St a phylococ c i ! 

C .  botul inWD 
St aphy l o c o c c 1 1 

B .  cereus - ---

C .  botulinWD 

C .  bot u l 1 n11111 
Sta phy!oco c c i i 

C .  bot u l i nlllt 

c .  botulin'um 

.£· botul inua 

C. botul i nWD 

Staphylococct1 

Staphylococci1 
Sal.oaellae 

Staphy l ococ: c i i 
Salaonellae 

Low t eape rature 
NO -
Fe�n t able carbohydrate 

( i f  added)  
NaCl 
Pryingj 

Low t •perature 
NOf 
Na 1 
Anaerobic packaa1ac1 

Ac id or l ow •w 

Heating 
Low t eape rature 
NO -
Fe�atable carbobJdrata 

( i f  added )  
Pacus t ns  
NaCl 

NOt 
Low t•pe rature 
Heat 1n1 
Sealed container 
NaCl 

Theraal proce11 with No2-
Sealed container 

Color 
Uutioa 

Color 
f11la t 1on 

Color 
Uutioa 

Color 
fixation 

Color 
f i.lla tioa 

Color 
fi.lla t ion 

Color 
Uutioa 

The raal proce11 Color 
Sealed containar fizat ion 
( N027NaCl if procelllftl f aulty) 

Iacoaaequential 
cont ribution 
( aalt aajor  
contributor ) 

Iaport aat coatr l -
bu t ioa ( aal t  
abo •jor 
contributor ) 

Iacoaaequeatial con
tribut ion ( aal t  and 
lipid oxidat ion  
•jor coatributora ) 

Iaportaat contribution 
( lactic ac id produc
tion and aal t al 1o 

.. j or contributorl ) 

Iaportant contribution , 
if l'fOCIUCl DOt ._ked ; 
No2- 1acoaaaqueat ial , 
if aaoked ( 1pi ce1 
al ao contribute)  

Iaport aat coatribut ioa0 

Iaportaat coatribut1on° 

Iaportaat contribut ion" 

lsea National Acadeay of Selene-. 1 981 . DeDp1ter ( 1980) atudied corynebacteria aaa1itiva to beatiQ& 
at 6 3 ° C  for 30 ala. 

ht.ac:t ice include lact ic-actd-produciftl bacteria, ''aainly atypical atreptococci" vboae apeciat ioa r-1• 
to be aat iafactorily def ined (Reuter , 19 7 5 ) . 

is ee National Acad•y of Science1 , 1981 ;  Gola and Caaolari , 19 79 ; Labot1 , 19 76 . 
jPryiftl or other cookiftl by coaauaer or proceaaor (as with prafried bacon) . 
kplycbrot ropba could include ar .. -aaaat ive bactaria, aucb aa paeudoaoaada and coliforaa, aa vall aa 

yeaetl ( Terrell ,  19 74) . lThia raakiftl il for packaaad 1lice1 ; for whole b ... the potential 11 very low . 
-rhua , aubj act to poaaible contaaiaatioa durlftl pack .. ina .  
DMaay o f  theaa product• ara b-baaed ; tbua , atudiea o a  b .. f lavor are pertiaaat (aae footnote a) . 

p 
Oaidat ion 

lahibi u 

labibi u  

May liai t af te r  
ao ae  oxid a t ion 
baa occurred 

labi bi t a  

Inhibi t I 

Iabibi ta 

Inhibi t I 

Iabibi tl  
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Special cons id erat ions are relevant to the use of ni trite in f i s h  
produc t s . Mo st  import ant among these are the higher f re quency of 
contaminat ion of fish wi th c .  botulinum and the fac t that the mos t 
common contamina ting s trains are able to  grow a t  lower temperature s 
(> 3 .  3) . 

Inhibit ion of Li pid Oxidation 

Oxidation of l ipids in meat changes i t s  f lavor and contri butes to 
the deve lopment of  rancidity duri ng storage . Some produc ts  of l ipid 
oxidation may also have adverse effects on human heal th . 

Ni tri te  has been shown to retard lipid oxidat ion in cooked , non
cured and cured meats . Ni tri t e  may be especially important in 
comminuted produc t s ,  where air i nc o rporated during manufacture speed s 
the oxidat ive process . The mechanism of nitri te ' s inhi bi t ion of 
lipid oxidation i s  no t thoroughly unders tood . Pearson e t  a l . ( 19 7 7 ) 
sugges ted that nftri te  may s tabi l i ze the l ipid components of the cell 
membrane s in meat , or i t  may work by inhibit ing the oxidat ive 
ca talys ts that are naturally pre sent in meat . 

The e f f ec t s  of ni trite on l i pid  oxidat ion in  cured meats  are 
s ummari zed in Table 2-3 and are d i scus sed in greater detail in 
Chapter 6 .  

Contr i but ion to Sensory Charac teri stics  of Cured Heats 

Ni tri te reac t s  wi th the myoglobin in mea t to produce a reddi sh
pink color readily recogni zed as cured-meat color by consumer s .  The 
mechani sm by whi ch nitri te exert s this effect i s  di scussed in Chap ter 
7 .  

The contri but i on of ni tr i te to f lavor has no t been fully de ter
mined for all cured produc t s .  Table 2- 3 contains the Commi ttee ' s  
j udgment of i t s  contribut ion to  the f lavor of several produc t classes . 

Sodium chloride i s  largely re spons ible for the "cured " f lavor in 
s ome produc ts , especially bacon . Other produc t ingred ient s ( e . g . , 
spice s )  or proce s se s  ( e . g . , smoking ) may also be important contri
butor s to  f lavor . It  is  possible that f lavor charac teri s t ic s  may no t 
be a t tributable t o  a spec i f i c  chemical component of cured meat , 
because the olfac tory system can " s ynthe s i ze , "  or " f use , "  individual 
aromas into one that i s  d i f f erent f rom that of the individual com
ponents . 

The ro le of nitr i t e  and other factors in the produc tion of f lavo r 
in cured mea t s  i s  di scussed in more de tai l i n  Chapter 9 .  
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Short comings o f  Ni tri te 

As c urrently u sed , n i t r i t e  s hows l i t tle o r  no a c t ivi ty agains t 
some specie s ,  genera , or  type s o f  o rgani sms tha t a re potent ial  hea l th 
hazard s  o r cause s poi lage , e . g . , lactobac il li , salmonellae , s taphy
lococci , yeas t s ,  and mold s .  The lack of act ivi ty agains t lac t i c-ac i d
producing bacteri a ,  however ,  may no t be t otally d i sadvantageous , i nas
much a s  these  o rgani sms can metabol i ze fermentabl e ca rbohydra t e  t o  
produce lact ic a c id . Th e l ac t i c  acid  lowers  t he pH , and t hat r e sul t s  
i n  inhi bi t ion o f  clo s tridial  spo r e  out growt h and c e l l  mult i plicat i on . 
Thi s  provides s ome protect ion a gains t botulinal t oxin pr oduct ion . 

Becaus e o f  interes t i n  the fa t e  o f  ni tri t e  i n  cured meat , 
"b ookkeeping" o r  " ba lance" e xperiment s have been a t tempted t o  
de termine , a t  leas t generally , how much of  the ni tri t e  stay s  i n  t he 
mea t and h ow i t  i s  d i s t r i buted . The s t udies  t ha t  have addre s sed 
these  problems a re des cribed mor e  ful l y  elsewhere { Ca ssens � a l . ,  
19 7 7 ; Na tiona l Ac ademy o f  S cience s , 1 9 81 ) . 

Sebranek e t  a l . { 19 7 3 ) concluded tha t the added ni tri t e  wa s 
changed rapidly to o ther compound s and that l i t tle o f  i t  e s caped f rom 
the produc t i n  vola t i l e  form . Af t e r  processing , the chang e cont i n
ued , but a t  a low rate , unt i l  t he concentration o f  residual n i t r i te 
wa s low . Further work { Gou tefongea e t  al . , 19 7 1 ; Woolford and 
Ca s sens , 1 9 7 7 ; Woolford e t  !!· • 19 7 6r-i ndicated t hat t he p e rcent
age s o f  ni tri t e  originally added and recove red i n  a g ive n port ion or  
fract ion of  meat  s ho rt ly a f t er proce ssing a re a s  follows : wi th myo
globi n ,  5-15% ; a s  ni tri te , 5- 2 0% ; a s  ni trate , 1-10% ; a s  gas , 1- 5% ; 
with s ulhydry l groups , 5-15% ; wi th l ipid , 1-5% ; and with nonheme 
protein , 2 0-3 0% ( Cassens e t  al . , 19 7 7 ) . I t  i s  no t known whether 
these p erc entage s change as the t ime a f ter proce ssing i ncrease s . 

Becaus e o f  i t s  rea c t ivi ty wi t h  mea t  component s , only about 50% of  
the  n i tr i te added t o  mea t is  detec table immed iately a f ter proce s s i ng  
as residua l  ni t ri t e  b y  t h e  usua l analyt i c  method s .  There i s  unce r
t ainty a s  t o  the chemical f orms o f  res idual n i t r i t e  and the f orms a nd 
reac t ivity  o f  the added ni tri t e  tha t i s  no t detec table . Th e res idua l  
ni tri te undergoes d eplet ion a s  t he produc t i s  s tored . The d eple t i on 
i s  fas t e r  a t  higher temperature s--e . g . , room t emperature--than under  
re frigera tion ( No rd in ,  1 9 69) . This deplet ion mus t be regarded a s  a 
shortcomi ng o f  ni trite . Because dorman t spore s rema i n  viabl e for  
long peri od s  ( Pi vni ck et  a l . , 19 69) , i t  is  d e s i rable t ha t  t he protec
t ive activi t y  o r  potent iar-be maintained , or  a t  lea s t  deple t e  slowly , 
under normal s torage a nd a buse cond i t ions . 

The charac teri s t i c  col o r  o f  cure d re d meat s tha t  ni tri t e  "fixe s " 
i s  s uscep tible t o  f ading , i f  t he product i s  exposed t o  oxygen { a i r )  
or  light ( Chapt e r  7) . 

EVALUATING ALTERNATIVES TO NITRI TE 

In approaching i t s t ask of evaluating a l terna tives to t he use o f  
ni trite , the Commi t t ee arrived a t  severa l  general guid eline s : 
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• Al t e rna t i ve s to  ni t r i t e  mus t  be usabl e i n  cured meat s ,  poult ry ,  
and f i sh a nd amenable t o  p roduc t ion i n  the re quired amount s .  Meat , 
i n  pa r t i cular , i s  a c omplex med ium and may contain a substant ial 
proport ion of l ip id . The use of a l t erna t ive s whose chemical proper
t i e s  d i f f e r  rad i cally f rom t hose of  ni t ri t e  may requi re new technique s  
o f  appl icat ion o r  proce s s i ng . The c apac i t y  o f  alterna t ive s t o  b e  used 
i n  cooked p roduc t s  t o  produc e t he des i red ef fec t s , e . g . , ant imic robial 
a ct ivi ty , should no t be compromi sed by t he hea t ing t he se p roduc t s  
recei ve . 

• Ideally , an  a l t e rna t ive or i t s  c apacity  t o  p roduce i t s  ef fec t s  
shou ld deple t e slowly or  no t a t  a l l  dur i ng storage , because produc t s  
may be consumed long a f te r produc t ion . 

• The Commi t t ee ha s avo ided j udgment s on economi c  impac t s  and 
the c onsumer s ' d e s i re for cured p roduc t s ,  be cause t hose ma t t e rs were 
no t pa rt  of i t s  c ha rge . It  sought alternat i ve s  t o  the cu rrent use of 
ni t ri t e  that would maintain the vari ety a nd ty pe s  o f produc t s  now 
avai lable whi le ensuri ng adequate  protec tion of the public health  
f rom m i crobial ha za rd s . 

• Be cause o f  t he d ivers i t y  o f  produc t s  in which  ni t r i t e  i s  used 
and the var i a t ion in t he i r hand l i ng and t i me t o  consumpt ion , it is 
d i ff i cul t to spec ify  p e rf o rmanc e  s t anda rd s  that s hou ld be me t 
gene ra l ly .  Ra the r ,  al t e rna t i ves  a re mo s t  easi ly j udged by compari son 
with c onventiona l ni t ri te use . 

• As ment ioned e a r l i e r  i n  t he re port , t he r i sks a s sociated wi th 
the use of ni t ri t e  in cured meat s could be reduced by dec reas ing t he 
c onc en t rat ions o f  ni t ri te added t o  t hese p roduc t s ,  by u s i ng a no t he r  
me t�od or agent t o  subst i tute  f o r  ni t ri te , o r  b y  i nc orpora t i ng 
i nhi bi tors o f  t he f ormat ion of  N-ni t ro so c ompound s i n  p roduc t s  
conta ini ng ni t ri t e . The Commi ttee ha s no t a t temp ted to quant i ta te 
the benef i t s  of each means of  r i s k  reduc t ion , e . g . , red uced ni tri te 
i ng e s t i o n  versus reduced i ntake of ni t rosamine s . However , i n  i t s  
f i r s t  re por t  i t  p rovi ded rough guides t o  t he re lat ive r i sks posed by 
va rious sou rc e s  ( Na t i onal Academy of Sc ience s ,  1981) . 

Ni t ri t e  f ixe s mea t c o lor , i nhi bi t s  some mi c roorgan i sm s , inhi bi t s  
lipid  oxid a t i o n , and may con t r i bute  to  the flavor o f  some cured mea t s . 
Mo s t  re search on  a l t erna t ive s has been d i rected t oward i nve s t igat i ng 
agent s  tha t produce one o f  these  effects--the act ivi t y  mo s t  f requent ly 
t e s ted i s  t he i nhi bi t ion of s pore outgrowth a nd mic ro bial p rolifera
tion , e specially o f  c .  botuli num ( Table 2-4 ) . Al ternat ive s have also 
been sugge s t ed f o r  the co lor-f ixi ng a nd antioxi dant ac tivi t i e s  o f  
ni t ri t e . Howeve r ,  to  the Commi t tee ' s knowledge , no subst i tute s have 
been suggested f o r  n i t ri t e ' s c ontribut ion to cured-meat f lavor . In 
i t s  a s s e s sment , t he Commi t tee  evaluated  each alt ernative f i rs t  for 
i t s  i nd ivi dua l a b i l i ty to exe r t  the necessary ant imi c robial ef fec t , 
t o  produce t he d e si red colo r ,  or  to  i nhi bi t  lip i d  ox idat ion  i ndepen
d ent ly . Combinat ions of  agent s ( o r  t reatment s ) , s uch as i r radiat ion 
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TABLE 2-4 

Some Propo s ed Al t ernat ives t o  Nit r i t e  
Evaluated  b y  t h e  Commi t t e e  

E f f e c t  

Ant imi c robia l 

Li p i d  ox i d a t i on 

Co l o r  produc t i o n  

Inhi bi t i on o f  

ni t ro sami ne 
f o rma t i on 

S i ng l e  Agent s o r  
Tr e a t m e n t s  

Po t a s s i um  sorba t e  o r  

sorbi c a c i d  

S od i um  hypopho s phi t e  

Fuma rate e s t e r s  

La c t i c -a c id -produc i ng 
o rgani sms 

I r rad i a t i on 

Sod i um c h l o ri d e  

Pa ra bens 

Glyc e ry l  mono laura t e  

Humec tant s 

Low conc e n t ra t i ons o f  
ni t ri t e  

Bu tyla t ed 
hyd roxy t o l uene 

C i t r i c  a c i d  

A s c o r b i c  a c i d  

a-Toc ophe rol 

Low c o ncent ra t i ons o f  

ni t ri t e  

Smoki ng 

Nona bsorbable food 

c o l o r s  

Ni c o t i na t e &  

Py r i d i ne c ompound s 

Be t a l i ne s  

Ascorbic a c id 

a -Tocophe r o l  

Combina t i ons 

Pota s s i um  s o r ba t e  
o r  s o r b i c  a c i d  

wi t h  l o w  conc e n t ra 
t i ons o f  n i t r i t e  

S od i um  hypopho sphi t e  

wi t h  l ow c o n c e n t ra

t i ons o f  ni t r i t e  

Lac t i c -a c i d 

p roduc i ng organi sms 

wi t h  l ow c o nc e n t ra 

t i ons of ni t r i t e 

I r rad i a t i on wi t h  

l ow c o ncent ra t i ons 

of ni t ri t e 

As c o rbic a c i d  and 
a - t o c ophe ro l 
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wi th low concent rat ions o f  ni t ri t e , have a l s o  been tested f o r  t he 
a bi l i ty t o  p roduce one o r  more of  t he e f fects  a t tributed t o  nitri te . 
Where appropria t e , the Commi ttee evaluated such combinat ions ( Table 
2-4 ) . 

Al ternat ive s  i dent i f ied by the Commi t tee a s  t he most p romising 
were then evaluated f o r  t he i r  senso ry effec t s  and toxic i t y . The 
re sul t s  of t hese evalua t ions a re g iven i n  Chap ter 9 and 1 0 ,  
re spec t i vely . Lo ng-te rm research s t rategies and me t hodolog ica l 
considerat ions a re d i scussed in Chapter 1 1 . 
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CHAPTER 3 

PRESERVATION OF MEAT AND F ISH PRODUCTS : 
GENERAL CONS IDERATIONS 

Because a comp rehensive assessment o f  ant imi c robia l alternat ives 
t o  n i t ri te re qui re s evalua t ion o f  va rious preservat ion me thod s , such 
as i rrad ia t i o n  and re f r igerat ion , as we l l  as the use of antimi c ro bial 
chemi cals , this chap ter ident ifies  s ome o f  t he general me thods a nd 
objec t i ve s  o f  food p re se rvat ion pe rtinent to cured meat s ,  poul t ry ,  
and f i sh .  Ta ble 3-1 i l lus t rates  t he mechani sms through which p reser
vat i o n  technique s achieve t he i r  objec t ive s  i n  food s . Because the 
types o f  mic roorgani sms that  occur i n  food s  a re d ive rse , t he table i s  
general i zed--no t a l l  mic roo rgani sms a re cont ro lled by each mechani sm .  
Seeming ly d iverse me thod s o f  f ood preserva t i on a re ba sed on a few 
factors  tha t inf luenc e microbial  p roliferation . Some method s exert 
cont ro l through more t han o ne mechani sm . 

Table 3- 2  i l lust rate s some o f  t he cont ro l  factors  o r  mechani sms 
that o perate i n  cured mea t s  and some smoked f i sh .  The symbo ls i ndi
ca te  that , for o rganisms t ha t  a re a f f ected , a pa rticula r cont rol 
mechani sm operates . They do  not s igni fy t hat  a l l  t he microorgani sms 
tha t  might occ ur i n  tha t p roduc t a re inhi bited by a part icular 
mechani sm .  Some fac tors s i ng ly o f ten mi nimi ze microbial g rowth 
e f fect ively . Usually , howeve r ,  fac tors interac t to reduc e p rolifera
t io n .  

Ni t ri te i s  added t o  cured mea t s  and f i sh a s  an ant imi c robial 
agent to  pro tec t agains t pathogeni c risk and to p revent p roduc t 
spoi lage . Many i ntrinsic  p roduc t factors i nf luence the a c t ivi ty o f  
ni t ri t e  o r  interac t wi th i t  ( Na t ional Academy o f  Science s ,  1 981 , 
Chap ter 3 ;  Interna t io nal Commi s s ion o n  Microbiological Spec i f ica t ions 
f o r  Food s , 1 980 , pp . 136-1 5 9 ; Robe r t s  e t  al . ,  1 98la , b , c ) . The inter
ac t i ons among vari ous f ac tors  may be addi tive , syne rg i s t ic , o r  even 
antagoni stic . The si ze o r  combi na t i o n  o f  barrie r  needed t o  minimize 
the g rowth of a po tent ial pathogen o r  spoi lage microorgani sm depend s  
o n  t he o rgani sm and it s physiolog i c  s t a t e  ( e . g . , potentially i njured 
by he ating )  and on the o t he r  f ac tors pre sent . In add i t i on ,  t he need 
f o r  a preservative , such a s  ni t r i t e  varies  among d i f f e rent p roduc t s  
on t he ba sis  o f o ther f ac to r s , such a s  t he degree o f  contamination 
present and t he likel ihood o f  t he produc t ' s  bei ng subjec ted t o  condi
t ions f avo rable f or mi crobial prolifera t i on . 

In thi s chapte r ,  fac tor s that inf luence mic robial cont amina t i on 
or p ro l i ferat ion ( a nd , hence , t he need f o r  n i t r i t e ) a re re viewed f or 
severa l  categories  o f  cured meat s .  Thi s i nforma t ion i s  then used t o  

3-3 
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Predominant 
Ef fec t on Mic robial 
Contaminant s 

Inac t iva tion or  i njury 

lnhi bi teda 

TABLE 3-1 

Mechani sms Whe re by Pre servation Me thod s 
Cont rol Microbial Proliferat ion in  Food s 

Causea 

Inc rea sed tempe rature 
Radiat ion 

Low temperature 
Low wa ter ac tivity 
Low pH 
Chemical inhi bi t ion 
Microb ial c ompe t i t ion 
Ga seous a tmosphe rec 

Examples of  Pre servat ion Me thod sb 

The rmal proce s sing , pas teuri zat ion 
Radappert i zat ion ( rad iat ion) 

Re f rigera t ion , f reezing 
Drying , salting , curing , sugar add i t ion 
Ac idula tion , some fermentations 
Curing , salting , natural smoking 
Fe rmentat ions 
Vacuum packag ing 

asome of the causes  of inhi bit ion , e . g . , salting , may also cause 
dea th of some mi c robial spec ie s . 

bsome me thod s act  by more than one me thod o r  ind i rec t ly ,  e . g . , fermentat ion 
can be viewed a s  mic robial compe t i tion that  lowers the pH o r  p roduces  alcoho l ,  
whi ch ac t s  a s  a p re se rvative . 

CUnfavorable redox potent ial may a l so inhi bi t mic robia l prolifera t i on bu t i s  not 
d i rec t ly mani pulated in any current preservation me thod . 
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TABLE 3-2 

Inf luences on Microb ial Survival or Prol iferation for 
Various Cured Red Meat , Poul try , and Fish Products8 

lablblt loa of Uadea lrable Klcroblal Pro l l ferat loa by 
Low Ntcroblal 

laactlvat loa � T_,.rature c 
�-- pH Pruanau ... ad c:c.reuua.-

law, c urad ••t praduc t a  

lacoa 

Other plckle-c:urecl 
produc t a , • ·• · •  haaa 

Dry-cured cuta, e . a . , 
c-try a... 

Dry ,  -tAiry, aad fer
-•tecl aauaaae• 

Caokecl , cured -t product• 

Parhhable ( pa ataurl aed ) , 
poe.._.. after heatlaa , 
• · • · • f raakfurtara 

Pariahebla ( paateurtaad) , 
caaaad , e . a . , a... 

Shel f-atabla , caaaad , • • & • , 
luuc"- -u 

c-rc tally atarl la ,  • · • · , 
deYi lecl baa 

a-keel rtah 

+ 

+ 

0 

+ 

+ 

+ 

+ 

++ 

+ 

0 ++ + 0 
0 ++ 0 0 

0 + ++ 0 

0 + ++ ++ 

0 ++ 0 0 

0 ++ 0 0 

+ 0 0 0 

+ 0 0 0 

0 ++ 0 0 

�ay : - • leducecl af fect lveoaaa Ia coatrolllaa uadaairable aicrob lal pro l l faratloa . 
0 • lot lavolvad Ia coatrol l iaa aicroblal prol l f erattoa . 
+ • Suppl-tary coatrol oa llicrobtal proltfaratloa. 

++ • llajor coatrol oa aicrobial proltferat ioa. 

+ 

+ 

+ 

+ 

+ 

+ 

++ 

0 

+ 

11s- raw producta are aildly heated . Yeaetatlva calla of ..,.t bacterial apectu ora taactlvatecl 
by the t•peraturea uaad to beat taa bacoa aod other pickla-curecl product a, - fa�tecl aauaaaea , 
aad cookad ptoducta . Iaact lvatloa of aporea requtru ..,ra aavare heattaa aa ueecl for c-rcially 
atertle aad ahelf-nabla producta . c-tclal atartltzatloa r eaulta to a IIIU.. of 12 loa cyclea 
recluctloa to the .-er of v iable C. botult- aporaa to producta recetvtaa a "botult-" cook, but 
tb-1 procaaataa of abelf-atab la-producta ylelda only approxt.ately a 3-loa reclucttoa . a-tataa 
viable aporea are ....._ ... aod, tbua , are ..,re .... t tlve to tbe effecta of other coatrola . 

C&afrtaerat ioa , if r�ecl . 
dsod twa chloride aad aodiwa aitr ite . Ptuarvattvea Ia c .... rcially aterlle product• .. Y iabibit 

aicroblal proltferatloa if iaadaquate th-..1 proceaataa baa allovad viable cella or aporea to 
aurvtve • 

... turally occurrtaa (or to fe�tad aauaaaaa, aclclad) lactic-actd-productaa b.cterl a ,  wh ich are 
anerally taact lvatecl by cooktaa , .. Y lover pB, If fa�tabla carbohydrate to praa•t · 

fvacu- pac:kqlq of curad product• coatrola aerob ic apotlap oraaala• , but aeaaral ly doea not 
af fect prolt ferat loa of f· botul taua . 

+ 

+ 

0 

++ 

+ 

0 

+ 

+ 

+ 

+ 

0 

0 

+ 

Copyright © National Academy of Sciences. All rights reserved.

Alternatives to the Current Use of Nitrite in Foods:  Part 2 of a 2-Part Study
http://www.nap.edu/catalog.php?record_id=19635

http://www.nap.edu/catalog.php?record_id=19635


3-6 

d e t e rmine whi ch produc t s  are i n  mo s t  need o f  the ant imi c robia l p ro
pert ies of n i t r i t e . The informat ion on produc t va riation , e s pecially 
wi th re spec t  t o  int rins i c  suscept ibility  to  microbial proliferat ion , 
i s  al so u sed by the Commi t t ee a s  an i nd ication o f  which i n t ri nsic 
fac tor s may be manipulated t o  reduc e t he need for ni t r i t e  i n  va rious 
produc t s . 

PRODUCT CHARACTERIST ICS I NFLUENCING HEALTH RISKS 

The f requency o f  di sease  out breaks from various pat hogens i n  meat 
and poul t ry p roduc t s  in recent years i s  shown i n  Table 3- 3 .  Bo tul i sm 
i s  ge neral ly t he most  fea red of  foodborne d i sease s , undoubtedly 
because o f  i t s  t rad i t ionally high f a tali ty ra te ( Center f o r  Di sease 
Contro l , 1 9 7 9 ) . The ra t e  ha s bee n  decreasing in rece nt yea r s  (Morris 
and Ha theway , 1 9 80 ) . Inf ormat ion on the i nc idence o f  botul i sm and 
i t s  caus e s  wa s revi ewed by the Commi t t ee in i t s  f i r s t  repo rt 
( Na t ional Ac ademy of Sc iences , 1 9 81 , Chap ters 2 and 1 0 ) . Of the 1 5  
outbreaks ( 3 9  case s ,  1 6 death s )  o f  botuli sm a t t ri buted t o  comme r
c ially proces sed meat o r  poul t ry t hat occurred i n  the Uni ted S tates 
o r  Canada duri ng t he pe riod 1 89 9-1 980 , seven outbreaks ( 21 case s , six 
d ea ths ) i nvo lved p roduc t s  that a re normally cured ( Tompkin , 1 9 80) . 

The o rigins o f  the pa thogenic  o rgani sms tha t  occur i n  cured meat s 
a re l i sted i n  Ta ble 3-4 , wi th i nformat ion o n  the factors tha t  may 
cont rol the i r  growth . 

The ma jor health bene f i t  o f  the u se o f  nit r i t e  i s  i t s  inhi bi t ory 
ac t i o n  on Clos t ridium bo tul inum , i . e . , the protec t i o n  it provid es  
against bo tul i sm . The s e quence o f  event s l ead ing t o  bo tul i sm i s  
illus t rated i n  Figure 3-1 .  The potent ial for  botuli sm i s  dete rmined 
largely by the f o llowing : 

• Survival of  spore s  i n  the f i ni shed p roduc t , be cause 
of  intentionally mi ld hea t i ng or faulty the rmal processing 
t hat  re sul t s  i n  suppre s s ion o f  compe t i t ive o rgani sms . 

• The capac i ty o f  the intrins i c  cha rac t e ri s t i c s  o f  the finished 
produc t t o  c ont rol c .  bo tulinum spore outg rowt h and cell 
mul t iplication . 

-

• Expo sure o f  the p roduc t t o  t empe rature s that permit g rowth , 
i . e . , ambient storage t emperature f o r  she l f-stabl e produc t s  
and c omme rc ially s t eri le p roduc t s  t hat  may have be en i nade
qua t ely the rmally p roce s sed , or tempe ra ture abuse of pe rish
able produc t s . 

In i t s  f i r st  report , t he Commi t t ee consi dered a t  leng th the 
po s s i bi l i ty  o f  expressi ng the protec t i on provided by ni t r i t e  i n  terms 
o f  the numbe r o f  cases o f  bo tul i sm avoided , i . e . , a t temp ting to  
re la t e  t he risk o f  bo tulism t o  the ni t r i t e-i nduced delay i n  toxin 
produc t i on in t empe ra ture-a bused cured product s .  Howeve r ,  it found 
tha t o the r factors  tha t i nf luenced the risk of botul i sm ,  such as  
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TABLE 3-3 

Numb er o f  Meat and Poultry Produc t s  that wer e  Reported as  Foodborne 
Vehicles in Disease Outbr eaks in the Un i t ed S t at es , 1 9 6 8-19 7 7a 

a..r ...... Otller Mut. "-ltr7 
-��� pnenl 

l t ·j j I t- .!1 I .!1 j ·! ·! I - �  l l l I t I j f J � :I  1 .. J .. ! = f J l ! l j A J t' j :n l j ' � � ;S e " u u ... ::::0 " o.-
Arizoll05is I 
Ba�illus rrrrus aastroenteritis I I I I . 
Botulism I s I 6 2 
Clmrridium prr(riftVru pstroenterilis 9 I I  J6 14  I I I  4 I I 4 I 10 29 6 

Salmonellosis 4 J J 22 8 2 J J J  6 4 2 s J I I J9 I S  I I I  

Shiaeltosis I I l 
Staphylocottal intoaication 9 4 7 7 4 4 2J lOS 7 s I 2 s 6 2 J 2J 1 6  1 6  

Streptococcal poup D aastrocnteritis J I I 2 I I I I 

Hepatitis A I 2 

Toaoplasmosis I 

Trichinosis 7 J9 42 6 6 

Chemical poisoninp I J 2 4 

Diseases of unknown etiolop 24 44 85 8 1  I I  49 1 8  n J l  16 s J 1 6  2 2  J 1 8  91 52 J 22 

Total 47 7J I SJ 1 2J 1 8  74 qq 1 9 1  87 J2 7 1 9  32 J4 8 J2 1 85 91 4 Sl  _____.. 
.B!... - ...... - ....;__ 

'- -:.... � 
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TABLE 3-4 

a 
Characteris t ic s  of Po t ent ial Pathogens Occurring in Cured Meats 

Tiae , t .. perature 
lequi reMnta for 

Vehic le of  Db_.a Produc: t ion of Toxic: Growt h 
'!_raanha leaervo i r  Tranaahalon Tranalaa lon yent or 1nfec: t ive Leve l a  lequireaenu 

:lon r i d iua SoU SoU -derived Aa aporea 
botulin.,. duat , DO-t 
Croup 1 ,  proteo- tnaredienta 
lyt l e  type s  A 
and I 

Clos t r l d i.,. So U ,  sed iaent a ,  Duat, wa ter Aa spores 
bot u l l nua water 
Croup 1 1 ,  nonpro-
teolyt ic: typea A, 
I , and P 

StaJ!hlloc:oc:c:us Liveatoc:k , aan Noae, aki n ,  Aa vegeta-
!!!!!!!. lesion• t ive c:ells 

Sa laonel lae An iaa l s ,  i nc l ud- Contac:t wi th Aa vageta-
i ng aan fec:u t t ve c e l l a  

8Clos t r id iua per fr inaens aay be present , but is not a aaj o r  c:ause o f  
"'rhea" va lues aay d i f fer 1 f  other growth c:ond l t iona 11r" auboJ.> t l aa l .  
c:va lue i s  typical f o r  c:ured aea t s ,  whi ch c:ont a i n  salt . 
dNA • not appl ic:abl e .  

Neurotoxin Daya n 1 D-50"c 
( op t laua, 3 7 "C )  

Anaerobic: 

Neurotoxin Daya a t  3 . 3-50°C Anaerobic: 
( opt iaua, 30°C) 

Enterotoxin 5 h at 7 . 8-43"C  Aerobic: , fac:ulta-
( opt laua. 37 °C ) tat i ve ly anaerobic: 

Vege tat ive Zero to aavaral  Aerobic: , fac:ulta-
c:e l l s ,  aul t i- houra at 6 . 7-4 � . 6 °C t ively .aaerobic: 
plying in ( opt1aua , 37-4 3 ° C )  
gaa t rointeat i -
na l  t rac: t 

d isease outbreaks involving c:ured .. ats . 
Va lues a re (or growth in aea t produc t s ,  where data were ava i lable . 

w I 00 
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TABLE 3-4 ( cont inued) 

Llal t l!!l Cond l t lona b f or Pro l i ferat ion 
Effect of 

Heat Rea la tance or Toxin Produs'&au Sodiua 
Orsa n l 8a Toxin Teal!erature 1 'C Wa ter Ac t lv l t:t: l r l ne 1  I j!H Mlcroblal Coaj!e t l t lon N l t r l t e  � 12o-200 y/g} 
Blah ( apore a )  Lov <1.0 <0.94  >8-10 � . o- � . 6c Very l nhtbl tory , Ef fec t ive 

eapecla lly at  lov pH 

w I 
\D 

Moderate Lov <3 . 3  <0 . 9 �  ,. �  � . o- � . 6c Very lnhlbl tory , Effect ive 
( epore a )  espec ially a t  lov pH 

Lov H tah C7 . 8  <0 . 87 >12-13  4 . 7  Very inhibi tory , May act anaerobically , 
eapec lally  at lov pH not e f fec t ive aerobi c a l l y  

Lov MA d c6 . 7  <0 . 9 �  "'� . 3  4 . � Inhi b i t ory , e spec i a l l y  N o t  e f fect i ve 
lac t i c  acid bac t e r i a  
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Spores 
in 
soil 

Ca rcasses  duri ng 
�----------� slaught er and �------------� ;=========� processing 

���--� 

Cond iment s  

Other �-----------------i
ingred ien t s  �--�----� 

Cook i ng 
Spores  survive . 

S pore s are heat-shocked . 
Compe t i t ive organi sms are ki lled . 

Food become s more anaerobic . 

S t o rage 
Time- tempera t ure cond i t i ons during 
st orage al low spore germinat ion,  
vege tat ive cell  mul t i plicat ion , and 
t oxin p roduc t ion . 

Inad equat e  reheat ing t o  d e s t roy 
t ox in . 

F I GURE 3- 1 .  We b of causation of Clostridium bo tul inum food-borne i ntoxi
cation.  Mod i f i ed f rom B ryan , 1 9 7 9 . For f i s h ,  the re servoi r  
of spore s i s  water or sed iment s .  
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p roduc t contami na t ion and t he t iming and durat ion of  t emperature 
abuse , were not p redictable ( Na t ional Academy o f  Sc iences , 1 981 , 
Chap ter  1 0 ) . Thus , i t  i s  no t po ssible to  derive a quant i t a t i ve 
re lat ionshi p be tween the protect ion provided by n i t r i t e  and the ri sk 
of bo tul i sm or to dete rmine t he degree of protec tion t hat i s  nece s
sary t o  ensure t he sa fety o f  a part icular produc t . Ho weve r ,  a sub
s t ant i a l  amount o f  information exi s t s  in t he case of some p roduc t s , 
e . g . , bacon , and f o r  these i t  i s  of ten poss i ble t o  qual i t a t ively 
pred i c t  t he e f fec t of change s in p roduc t formulat ion on t he degree of 
protect ion against t oxigene s i s  f rom �· bo tulinum spore s . 

In add i t ion , because produc t s  d i f f e r  i n  t he degree and f re quency 
o f  microbial c ontami nation ,  in t he opportuni t i e s  f o r  microbial con
t amina t ion o r  mul tiplicat ion during produc t ion and handling , and in 
the ex tent to which c ont rol i s  exerted over pathogens by t he i nt rinsic 
cha rac te r i s t i c s  of  t he produc t othe r  than ni t ri t e  ( e . g . , pH , brine 
concent ra t i on) , the Commi t te e  be li eve s  t hat i t  i s  po s s i ble t o  rank 
p roduc t types accord i ng t o  t he degree t o  whi ch t he add i t ion of nit rite 
( or an a l terna t ive )  is  needed t o  reduce t he ri sk of  bot ul i sm .  

Deg ree and Frequency of Produc t Contaminat ion 

Meat  may be c ontaminated duri ng s laught e r ,  p rocessing , and /o r  
hand l i ng procedu re s . Equipment , personnel , add i t i ve s ,  and o ther 
envi ronmental c ontac t s  se rve a s  possible re servoi rs of  contamina
t ion . In add i t ion , mic roo rgani sms f rom t he int e s t ina l  t rac t , t he 
lympha t i c  sy stem ,  and t he ou ter surfaces o f  t he animals may a l so 
contamina t e  mea t  produc t s  ( Johnston and Elliot , 1 9 76 ) . Af t e r  proce s 
sing , d i s t ri bu t ion t o  re tai l ou t let s ,  and sa le t o  t he c onsume r ,  
mi c robia l contamination may occur du ri ng storage , food p reparat ion , 
and handling immed iately be fore c onsumpt ion . The sources o f  contami
na tion f requent ly dete rmine t he range o f  mic robial  contaminant s 
present and , t hus , the po tent ial for  pathogeni c h a za rd or p roduc t 
spo ilage . Init ial cont amina t ion and the seve r i t y  o f  thermal 
proce ss ing c ombine to  dete rmine t he spore contami nat ion o f  t he 
fini shed p roduc t . 

The c ontamina t ion o f  d i f ferent produc t s  with  c .  bo tul inum spore s  
ha s no t been inve s t igated extensively . Available

-
data i ndicate t hat 

the a ve rage occurrence of c .  botulinum spore s  is a bout 1-2 spore s  per 
10 kg o f  mea t ( Holley , 1 9 7S) .  Data  col lec ted i n  t he Uni ted Kingdom 
by Robert s and Smart ( 1 9 7 6 )  in s e rial s amples f rom one p roducer i ndi
ca t e  t ha t  "pocke t s "  o f  contamination considerably highe r than t he i r  
average o f  1 -2 spore s  per  kilogram of  mea t occurred occasionally . 
The i r  average i s  highe r t han t he e s t ima te of 0 . 064 spore /kg mad e  by 
Hauschild and Hi l she imer ( 1 9 80)  for bacon samples s o ld a t  re tail i n  
Canada . 

Abrahams son and Ri emann ( 1 9 7 1 )  f ound t hat occurrence o f  spore s i n  
produc t s  sold a t  re tail  in t he Uni ted S tat e s  wa s highe s t  i n  cooked 
hams ( 1 . 6  spores /kg ) ,  c ompared wi th t urkey ( 0 . 8  spore /kg ) ,  smoked 
chicken ( no spo re s in 1 . 5  kg ) , and othe r  semip rese rved meat s ( no 
spore s  i n  5 kg ) .  Survey s of f i sh i ndicate  a highe r d egree o f  
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contamina t ion ( Sakaguchi , 1 9 7 9 ,  pp . 4 05-406 ) . Becaus e  spore s o f  c .  
botulinum a re ubi qui tous ( Smi th , 1 9 7 7 ) , t he Commi t tee believe s  that 
i t  is  not prac t i cable t o  guarante e  tha t raw mea t  o r  f i s h  wil l  neve r  
contain spore s . 

Pr oduc t ion , Di s t ri bution , S t orage , and Ha nd l ing 

Duri ng the production o f  d i f f e rent cured p roduc t s , various oppor
tuni t i e s  may be presented for  i ncreased c ontamina t ion or f o r  t he 
mult iplicat ion of pa t hogens .  Other oppor tuni tie s f o r  pa t hogen 
proli ferat ion may occur d uri ng d i s t ri but ion o r  whi le t he c onsumer i s  
i n  po ssession of  the produc t . Informat ion on t he s e  po ssibi l i t i e s  i s  
summari zed i n  Ta ble 3-5 , which draws on i nforma t i on pre sented by · 
Bryan ( 1 98 Q )  on d i sease outbreaks as sociated wi th mea t  and poul t ry .  
Mi shandling occurs p redominantly i n  f ood-se rvice e s tabl i shment s o r  i n  
consume r posse s s ion ( Brya n , 1 980) . 

As ses sment o f  the need f or a n  a l t e rnat ive t o  the current u se of  
ni t ri t e  in  protec t i ng hea l t h  should take into account t he va rious 
factors that cont r i bute to the hazard and t he extent to which they 
can be mod i f i e d  or eliminated by othe r means . Fo r example , t he 
s taphy lococcal hazard i n  cured p roduc t s  c an be reduced c onsiderably 
by adhe rence to good manufacturing practice s  ( Na t ional Academy of 
Sc ienc e s , 1 9 7 5 ; u . s. De partment of Ag riculture , 1 9 7 7 ) . The haza rd 
f rom salmonellae can also  be reduced considerably duri ng p roce s s i ng 
and by good hygienic p rac tices  by t he consumer ( Na t iona l  Academy o f  
Science s ,  1 9 69 ) . The Interna t iona l  Commi ssion o n  Mic robiolog ical 
Spec i f icat ions for Food s ( 1 9 80)  and Ge nigeorgi s and Riemann ( 1 97 9 )  
have reviewed p rac t ice s tha t can be used t o  reduce hazard s f rom food s 
that a ri se duri ng p roduc t i on and d i st ri but ion . 

The surve i l lanc e and recal l sy stem f o r  produc t s  potent ially 
posing f ood borne haza rd s  p robably f urther reduces ri sk t o  the 
con$ume r ( Johnston and Krumm , 1 980) . Howeve r ,  t hi s  system i s  
expens ive . 

In tri nsic  Produc t Charact eri s t i c s  

A cri t ical factor i n  evalua t i ng the r i sk f rom cured p roduc t s  and 
t he nee d  f o r  an alternat i ve t o  ni t r i te i s  t he extent to which t he 
intrinsic  charac teri s t i c s  of t he p roduc t s , such a s  wa ter a c t ivi ty and 
pH ,  a c t  t o  cont rol t he proli f e ra t ion o f  pathogens . Table 3-6 summa
ri zes the charac teri s t i c s  of u . s. cured produc t s  that may inf luence 
microbi a l  g rowth .  Compa rison o f  Table s 3-6 and 3-4 ind icate s tha t  an 
ind ividual c ont rolling f ac tor i n  a c ured p roduc t  would r a re ly exc lude 
t he pos s i bi l i t y  of pa thoge n g rowt h .  Addi t ionally , the effec t s  of 
some factors that inf luenc e  p ro l i fera t i on ( e . g . , meat t ype and cut , 
curi ng ad junc t s )  a re poorly understood . Limi tat ion of  p roli f e ra t ion 
s t ems f rom t he interac t ions of  the va rious factors that c ontrol 
g rowt h and is best judged f rom expe rimental  evidence , becaus e  t hese 
may be add i t ive , syne rgist ic , o r  antagoni s t ic . 

Copyright © National Academy of Sciences. All rights reserved.

Alternatives to the Current Use of Nitrite in Foods:  Part 2 of a 2-Part Study
http://www.nap.edu/catalog.php?record_id=19635

http://www.nap.edu/catalog.php?record_id=19635


TABLE 3-5 

a 
Influenc e  of Produc t ion , S torage , D i stribut ion , and Handling on Pathogenic Risk 

law, cured p roducu 

Bacon 

Other pickle-cured 
procluc t e ,  e . a . , lwae 
Dry-cured cut e ,  e • • • , 
country lwae 

Dry , ••idry , end 
fer.ented eauaaaee 

Cooked , cured proclucu 

Peri shable ( pa e teuri zed ) ,  
packa&ed af ter heat i aa ,  
e • • • , frankfurter• 

Pe rieha ble ( pa e teuriaed) , 
canned , e. 1 .  , h8ae 

Opportuni t iee for I ncreaaed 
Contaai nat ion of Produc t  
Preaented Duri!!l 
Proceaeiaa Packa& i!!l 

NI 

Nl 

When hand led for 
el1c1QS 

NI 

When handled for 
e Uc i na 

Proa equip- NI 
unt aur-
facee 
duri n& 
c-inut ion 

Proa equip- When hand led for 
aent eur- e l i c i na  after 
facee duri na paa teuri zat ion 
c-inut ion 

NI NI 

Opport uni t iee Preeent ed for Mi crobial Growth Duriaa 
lecoaaended D l a t r i butlon Coneuaer 

Produc t i on Storaae and letal l i !!l  Hand l i aa  

N I  N I  

NI NI 

I f  MDufac- NI 
turin& prac
tlcee eub
optiul 

If Mnufac
turina prac
tlcee aub
opt iuld 

NI 

NI 

NI 

NI 

NI 

Inf requent 

Inf requent 

Inf requent 

Relat ive ly 
f requent ( but 
produc t char
acterlatlce 
control arovth 
wel l )  

Infrequent 

Re l a t i vely 
frequent 

Inf requent 

Relat ively 
frequent" 

Relatively 
frequent after 
coouqd 

le lat ively 
f requent ( but 
product char
ac teri e t i ca 
control arovth 
va l l )  

Variea with 
produc t - i nfre
quent for frank
furtare,  rela
t i ve l y  f requent 
for •cold cute • 

le l a t i vaJy 
frequent'� 

Ueually fried or 
cooked 

Not alwaye cooked 

Not alwaye cooked 

Generally not 
cooked 

Variee with 
product-D)' 
typee vary rarely 
cooked 

s-tiue cooked 

She l f-etable , caaaed , e . a . ,  
luncheoa M&ta 

rr- equip- NI 
aent aur-

NI If othe r 
coot ro le 

If other cont role 
--. • • • , therul 

Moderately f re- Karely cooked 
quent 

eo..e rcially e t e ri le ,  
e • • • , devi led h8a 

bctui 
duri na 
c-inut l on 

rr- equip- NI 
MOt eur-
facee 
duri n& 
c-inu t ion 

NI 

-· ·· · · 
therea t 
proce e a t na  
--fa l l  
I f  othe r  
contro l e  
-· ·· · · 
therul 
proceeei na 
-fail 

���!�eiaa 

If o t her cont rol • 
- -a · & • ,  the ru l  
proceeat oa--f a U  

Moderately fre- Very rarely cooked 
quent 

Athie tab le focua ea  on the r isk f roa C lo a t • id i"• bot ulinua , but e i-' lar ( 1 h d ) • -- � a t ou1h not i ent ical cona idarat iona apply to S t aphylococcua aureus and aal.one l lae.  
bsuf f ic ient cookin& uy inac t iv�te botul inua toxi� but not s t aphylor.occel ent erotox i n . Soae hea t iq , e . a . , durina uae of 

bacon ae a f lavo r i na  aaent , •Y not be ad equa t e  to des t roy b o t u l i nua tox i n .  Many producte are only very rare l y ,  if aver , 
cooked . 

CNI • no notable i nf l uenc e .  
dcrovt h o f  s t aphy loc o c c i  I a  the aa jor pro b l ea under t he se c i rc uaa tencee . 
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TABLE 3-6 

a Intr ins ic Charac t er istics  of  Cured Produc t s  O ther Than Prege�vat ives 
that May Minimize the Proliferation of  Pathogens • 

Raw , cured produc ts 

Bacon 

Other p ickle-cured 
products , e . g . , 
hams 

Dry-cured cuts , e . g . , 
coun t ry hams 

Dry ,  s emidry , and 
fermented sausage� 

Cooked 
Semidried 
Dried 

Cooke d ,  cured products 

Pe rishable (pasteur
ized ) , packaged af ter 
heat ing , e . g . , frank-
furters 

Perishable (pas teur
ized ) , canned , e . g . , 
hams 

Shelf-s tab l e ,  canned , 
e . g . , canned luncheon 
meats 

Commercially s terile , 
e . g . , deviled hams 

Water 
Ac t ivity Brine , % 

>0 . 95 3 . 0- 6 . 0  

> 0 . 9 5 3 . 0-6 . 0  

"-0 . 92 Increases 
during 
produc-
tion to 
"-10 
( internal) 

'1.0 . 95 1 "- ( 10-16)  1 <0 . 92  

> 0 . 9 5  3 . 5- 5 . 5  

> 0 . 9 5  3 . 5- 5 . 5 

>0 . 95 3 . 5- 5 . 5  

> 0 . 9 5  3 . 5- 5 . 5  

Microb ial d 
pH Compet i t ion 

"- ( 5 . 6-6 . 4 ) Pos s ible 

"- ( 5 . 6-6 . 4 ) Possible 

"-( 5 . 6-6 . 4) Poss iblef 

] 4 . 8-5 . 2  
Possiblee 1 Encourage/ 

"- ( 5 . 6-6 . 4 )  Pos s ible 

"- ( 5 . 6-6 . 4 ) Unlikely 
(minimized ) 

"- ( 5 . 6- 6 . 4 )  Unlikely 
(minimi zed) 

'1. ( 5 . 6- 6 . 4 ) Unlikely 
(minimi zed ) 

•sodium chloride and s�ium nitrite . 
bPot ential pathogens of conc ern are C los tridium botulinum , Staphylococcus 

aur eus and salmonel lae . 
c�er of other intr insic fa ctors undoub t ed ly a f f ec t  microb ial prolifer

ation, e . g . , meat species , type and cut , and cur ing adj uncts ( such as 

dphosphates and ascorba t e) , but much less is known about their inf luenc e .  
Pro. natural f lora i f  f ermentab le carbohydrate added . 

!By back-inoculat ion or with s tarter cultur e .  
fBecause recontamination may occur during packaging . 
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Various me t hod s have been developed for  expre s s i ng t he cont rol 
exert ed by a produc t ' s  intrinsic  charac te r i s t i c s  and the cont ri but ion 
of  ni t r i t e  to t hi s  cont rol . One is to  compa re the t ime necessa ry to 
e l i c i t  t oxin p roduc t ion in various ni t ri t e-c ont aining and ni t ri te
free produc t s  inoculated wi th  a known numbe r of  c . botul inum spore s 
and d e l i berately he ld a t  tempe rature s that  permit g rowt h .  With  data  
f rom expe riment s o f  t hi s t ype , the  probabi l i t y  o f  outg rowth o f  and 
toxigene s i s  f rom c . botuli num spore s  can be calculated f o r  p roduc t s  
tha t contain d i f fere nt concent ra t ions of  ni t ri t e  or  o t h e r  pre serva
t ive s ,  i f  they a re subjec ted t o  a spec if ied period o f  t empera ture 
abuse . Compa ri son o f  such probabi l i t i e s  f o r  ni t r i t e-f re e p roduc t s  
fac i li tates  ident i f icat ion o f  produc t s  t hat a re most suscep ti ble 
to  c .  botulinum outgrowth and toxigene si s : the highe r the pro ba bil
i ty� t he g rea t e r  t he need for  n i t r i te addit ion o r  some o t he r  method 
t o  reduc e the likelihood of toxi n formation.  

Append ix D c ontains ca lc ula t i ons o f  the  p ro babi l i t y  of  spore 
outgrowt h  and toxigene s i s f o r  va rious type s o f  p roduct s .  The 
p robabi l i t ies f o r  p roduc t s  f ree of added n i t ri te are summari zed i n  
Table 3-7 . The re a re c learly considerable d i fferenc e s  among product 
c lasses wi th re spec t t o  the ex tent t o  which a n i t r i t e-f ree p roduc t 
would suppo r t  toxigene s i s  i f  tempe ratu re-abused ; bu t substant i a l  
d if fe renc es c an a l so o c c u r  wi thin a produc t c l a s s  ( e . g . , bacon ) . The 
Commi t t ee the refore be lieve s t ha t  gene ralizations regardi ng t he 
re lat ive suscep t i bi l i ty o f  p roduc t  c lasse s  t o  t oxigene s i s  must a lway s 
be mad e caut iou sly . Judgment s should alway s take int o  account t he 
d ive rsity  o f  f o rmulations ( e . g . , wi th or  wi thout added s ugar o r  
a scorba t e )  and proce s s i ng met hod s used wi th pa rt icula r t ype s of 
produc t s . 

Review of  Ta ble s D-1 , D-2 , and D-3 i n  Append ix D and Ta ble 3-7 
reveal s that  the probabi l i t y  of  toxigene s i s  va rie s wi th  the followi ng : 

• Ty pe o f  produc t , e . g . , fermented sausage ve rsus t urkey ham . 

• Type of  mea t  i n  a produc t , e . g . , chicken ve rsus bee f  
or  pork i n  f rankfurt e r s . 

• Component s o f  t he cure o the r t han n i t ri te , e . g . , f e rme ntable 
carbohyd rate in bacon ,  sa l t  concent rat ion i n  live r  sausage s ,  
and a sco rbate o r  i soascorbate i n  c anned peri shable c omminuted 
mea t s .  

The relat ive suscep t i bi l i t ie s  o f  va rious c lasses  o f  produc t s  t o  
t oxigene s i s  reveale d tha t  pa steuri zed product s ,  pa rt icula rly t hose 
wi th l ow salt c oncent rat ions and t hose made f rom poul t ry , a re a t  
g reate s t  risk of  toxigenesi s und e r  cond i t ions o f  t empe rature a buse . 
Other produc t s  appa rent ly have g reater intrinsic re s i s t ance t o  
tox igene si s , e . g . , f e rme nt ed sausage and some type s of  bacon have 
other f ac tors ( such a s  high s a l t  c onc ent rat ion) t ha t  may l imi t pa tho
geni c prol ife rat io n .  Howeve r ,  unle s s  fermentable carbohyd rate s and 
s tarte r cult ure s o f  bac teria that c onve rt the c a rbohydra tes  t o  a c id 
a re added t o  d ry , and e specially semid ry , fermented sausage s ,  ni t ri t e  
( a nd /o r  ni t rate ) may b e  e s sent ial for  safety . 
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TABLE 3- 7 

The Probab i l i t y  of Outgrowth and To x i g enes is a 
or Swe l l ing f r om f· b o t u l inum S por es in D i f f er en t  N i t r i t e-Free Cur ed Kea t s  

Produc t C l a s s  

Raw , cur e d  

Bacon 

Ferment ed , d r i ed and 
semid r ied sausages 

Cooked , cured 

Per is hab le ( pa s t eur i z ed ) , 
packaged a f t e r  hea t ing 

Per i shab l e  ( pas t eur i z ed ) , 
packaged a f t er heat ing 

Comme r c i a l l y  s t er i le 

Product 

Bac ons 

Ferment ed , e . g . , 
su11111e r  sausage 

L iver s ausage ( ms )
c 

Tur key h am  
Ch i cken f rankfur t er s  
F rank f ur t er s  
L iver sausage ( h s ) c 

Comminut ed pork 

P robab i l i tl 

1 X 10 - 2
- < 6  X 10-S 

< 10 -s 

aTes t s  conduc t ed und er cond i t ions o f  s imu la t ed t empera ture ab u s e  f o r  1 week at 2 7 ° C . 
b Probab i l i t y , p • ( ln n/ q ) / s ,  where n � no . packages , q � no . non t o x i c  packages , 

and s = no . cha l lenge s po r e s / package . Data in th i s  t ab l e  ar e  ext r a c t ed f r om Tab les 
D-1 ,  D-2 , and D- 3 in Append i x  D .  

Cms • modera t e ly s a l t ed , hs • h i gh ly s a l t e d . 
d rnc lud e s  s ome t es t s  cond uc t ed w i th sod ium n i t r i t e  at 30 mg/kg . 

ew i tho u t  added a s co rba t e  or isoas corba t e . 
fw i th sod ium ascorb a t e  or isoas corb a t e  at �200 mg / kg . 

Copyright © National Academy of Sciences. All rights reserved.

Alternatives to the Current Use of Nitrite in Foods:  Part 2 of a 2-Part Study
http://www.nap.edu/catalog.php?record_id=19635

http://www.nap.edu/catalog.php?record_id=19635


3-1 7 

PRODUCT SUS CEPTIBILITY TO SPOILAGE 

Ta ble 3-8 i l lust rat e s  that t he spoi lage pro blems i n  cured meat s 
a re cha rac t e ri s t i c  o f  t he type o f  produc t and are be s t  cons ide red for 
each produc t  o r  type i ndividually . 

A wider rang e  o f  mic roo rgani sms a re i nvolved i n  spoi lage than i n  
heal t h  ha za rd , and t he o rganisms o f  concern d i f f e r  more among p ro
duc t s . In add it ion , l e s s  i s  known a bout t he spec ific organi sms 
involved , the fac to r s  tha t l imi t the i r  g rowt h ,  and t he re lat ive 
cont ri butions of  t he various fac tors t hat c ontrol mi crobial growth . 

Many of t he cons iderat ions involved i n  p rotecting the ae s t he t i c  
appeal o f  cured p roduc ts  against d e leterious microbial g rowth a re 
s imi lar t o  those involved i n  p re serving i t s  f reedom f rom mi c robia l 
haza rd t o  health . Spoilage i s  dealt wi th separately he re , t o  
empha s i ze t he dual  a spec t s  o f  preserva t ion and t o  point out tha t  
alternat ives to  ni tri te a imed a t  p ro t ec t i ng health may no t ma tch with 
a l t e rnative s  for  inhi bi t i ng spoi lage . 

The po s s i bility  o f  p roduct  spoi lage i s  governed by considera t i ons 
s imi la r to those gove rni ng t he po ssibility of pat hogenic haza rd : 

• Degree o f  i ni t ial contaminat ion o f  t he produc t a nd the 
effec t s  of p rocesse s used i n  produc t io n , e . g . , t hermal 
proces s ing and t emperature s that a l low mi crobial g rowth . 

• Capac i ty of  the produc t i t se l f  to  cont ro l g rowth of 
spoi lage m ic roorgani sms . 

• Exposure o f  t he p roduc t to t empe rature s that pe rmi t 
microbial g rowth . 

The c ontri bu t ion o f  ni t ri te t o  t he c ontrol o f  spoi lage in vari ous 
catego rie s  of cured-me a t  produc t s  wa s di scus sed in t he Commi t t ee ' s  
f i rs t  report . The ma jor ant i spoi lage e f fect o f  ni tri t e  i s  med iated 
through i t s  inhi bi to ry ac t ion on put re fac t i ve anaerobi c and ae robic 
sp ore-f orming bacteri a ,  such as c lost ridia and bac i ll i , which become 
a p roblem only when p roduc t s  a re exposed to tempe ra ture s  t ha t  pe rmi t 
thei r g rowth . S pore s o f  put refact ive anaero be s outnumber those o f  c .  
botulinum i n  raw meat s and cured produc t s  ( Hol ley , 1 9 78 ) . They may



be more re s i s t ant to  t he lethal e f fect s of  heat a nd othe r agent s 
( Inte rna t i ona l Commi s sion on Mic robiological Speci f i catons for  Food s ,  
1 9 80 , pp . 1 -3 7 ) . 

On the ba s i s  of  c onsidera t i ons l i sted a bove , t he produc t s  mo s t  
l ike ly t o  become spoi led i f  ni t ri t e we re omi t t ed a re she l f-stable and 
peri shable canned p roduc t s .  

• Shel f-s table produc t s  d o  not receive therma l p roces s i ng 
adequa t e  to ki l l  the spores of  put refac t i ve spore-formi ng 
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TABLE 3- 8 

a 
Microb ial Defects of Red Mea t s  and Their Produc ts 

Product 

Fresh meat 

Fre s h ,  ref r igerated 
(0-5°C)  

Fre sh ( 1 5- 30 °C ) 

VacuUII-packaged 

Cured meat 

Bacon ( vacuUIII
packaged ) 

Other vacuUIII-packaged 
meats 

Brines 

Ham 

Defect 

Of f-odor , slime , 
discolorat ion 

Lipo lysi s ,  pungent odor 
Mo ldy 
Whiskery 
Black spot 
White spot 

Bone taint 
Gassy 
Foul odor 

Acid , sweet , ranc id 

Chee sy , sour , ranc id 
Discoloration 
Slight  souring 

Putrefaction 

Cabbage odor 
Tainted 

Turbid 

Surface s l ime 

Gassy or puffy 
Green discolorat ion 

Bone and meat 
"sours " 

Sur face growth 
(dry-cured )  

Organism 

Pseudomonas , Aeromonas , 
Alcaligene s ,  Acinetobacter , 
Microbac terium ,  Moraxe lla , 
Proteus , Flavobact eriUII , 
Alteromonas ,  Sac charomyces 
Pseudomonas , yeas t s  
Penicillium 
ThamnidiUIII 
CladosporiUIII 
Sporotri chum 

ClCistridium 
C. perfringens 
c. bifermentans , 
c. histolyt icum , 
c. sporogene s 

Lac tobac illus , Micro
bacter ium, Enterobac ter , 
Hafnia 

Micrococcus 
Molds 
Lac tobaci llus , Micrococc us. 
Vibrio , Alcaligene s ,  
Corynebact erium 
C lostr id ium sporogenes 

Proteus inconstans 
Vibrio 

Debaryomyce s ,  Kloeckera 

Micrococcu s ,  Microbacterium , 
yeasts 
Clostridium 
Lactobacillus , S trep t o
coccus , Leuconos toc 
Clostr idium 

Mold s 
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TABLE 3-8 ( cont i nued )  

Product 

Cured meat ( continued) 

Sausages 

Fermented sausage 

Canned meat 

Commercially sterile 

Semi preserved 

Defec t 

Surface s l ime 
Gas produ c tion 

(vacuum-packaged ) 
Greenish d iscolora

t ion 

S lime 
S po t s  

Gas , putrefaction 

Souring , disco lora
t ion 

Putrefac t ion, gas 

Orsanism 

Micrococcus , yeasts 

Lactobac i l lus virid escens , 
Leuconostoc 

Yeas t s  
Molds 

Spore-former s ( Bac i l lus , 
Clostridium) 

S t r eptococcus 
Bac i llus , Clo s t r id ium 

�aken f rom Banwart ,  G .  J .  19 79 . Basic Food Microb iology . AVI 
Pub lishing Company , Inc . , Wes tpor t , Connect icut . 781 pp . With 
permi s s ion. 
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bac teria , and the se produc t s are  s tored a t tempe rature s tha t 
permi t  spo re outgrowth.  S poilage would occur i f  the t hermal 
proces s i ng we re no t re inf o rced by the pre sence o f  sodium 
ch lori de a nd s od ium n i tr i t e . 

• Omi t t i ng o r  reducing n i t ri t e  i n  peri shable canne d product s ,  
such a s  hams , would i ncre ase s poi lage problems , because these 
product s  are mor e  o f t e n  subjected to t empe rature abuse , such 
as unrefrigera ted s torage , a t  re tail or by the consume r .  

If  carefu l  a t tent ion i s  pa i d  t o  hygiene a n d  e quipme n t  sani tation 
d uri ng p roduc t i on a nd packag ing o f  product s  and t o  cont inuous and 
correc t re frigera t ion , spoi lage wi l l  no t be a ma j o r  problem . 
Re ducing n i tri te o r  omi t t ing i t  from cured produc t s  may permi t t he 
growth , under  re frigera t ion , o f  some psychro t rophs  tha t woul d  o the r
wise be i nh i bi ted ( Te rre l l , 1 9 74) . 

The interrelationship o f  spoi lage and hea l t h  haza rd should be 
borne i n  mind d uri ng considera tion o f  a c t ions t o  c ontrol e i ther.  
some spoi lag e mi croo rgani sms , such as  lactobacilli , may exe rt an 
inhi bi tory e f fect on pa thogen g rowth t hrough microbial compe t i tion o r  
o ther mean s , such a s  aci d produc tion from fermentable ca rbohydra t e  
added t o  t h e  produc t . Howeve r ,  produc ts  may become t oxic before they 
a re spoiled . Thus , spoi lage canno t be relied on t o  de crease ri sks 
from pathogens by renderi ng c onsump t ion unl ike ly .  

CONCLUSIONS 

On the basis  o f  the eva lua t i on d one by the Commi t t ee f o r  i t s  
f irs t report ( Na t iona l Academy o f  S c ience s , 1981 ) and the da t a  
pre sented i n  t h i s  chap ter ,  t h e  Commi t tee h a s  conside red which 
produc t s  a re mo s t  like ly t o  become toxi c i f  ni tri te , o r  an 
ant imi crobial a l t e rna tive , we re not added . To d evelop an accura te 
ranki ng , one mus t know whi ch product s  are mos t  likely to contai n  
spore c ontamination ,  whi ch a re m o s t  suscep tible t o  t oxigene s i s , and 
whi ch a re mos t l ikel y  t o  be exposed t o  tempe rature s that favor  
t oxigenes i s .  It  i s  n o t  p o s s i ble t o  make j udgment s on t he f i rs t  o f  
these (bu t  sugge s t ion s for  fu rthe r studie s a re pre sented late r ) ; 
howeve r ,  by c ombining e vidence on the intrinsic s uscep t ibi l i ty t o  
toxigene s i s o f va riou s t ype s o f  cure d produc t s  ( Table 3-7 ) and on 
o ther i nf luences on ri sk, s uch a s  f re quency of exposure t o  tempe ra
ture s permi t t ing growt h o f  pa thogen s  ( Table 3-5) ,  the Commi t te e  ha s 
a t tempted t o  a s se s s  the rela t ive r i sk f rom change s i n  n i tri te addi
t ion t o  va riou s produc t type s . 

The major produc t c ategori es mos t  l ike ly t o  pose i ncreased health 
haza rd s  i f  ni tri t e  we re no t adde d o r  were added a t  lowe r concent ra
t ions a re canned s helf- s table cured produc t s  ( g iven less  than a 
bo tul inum cook) , peri shable canne d and o the r hams (exc luding d ry
cured hams) , and pas teuri zed poultry produc t s . In addit ion ,  shelf
stable and peri shable canned produc t s  are mo re likely t o  become 
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spoi led if ni t r i t e  we re omi t t ed . Thu s , these  p roduc t s  a re mo s t  in 
need o f  an a l te rna t ive means o f  cont rolling microbial pro l iferat ion . 
Fac t o r s  othe r than ni t r i t e  cont ribute cons iderably t o  the s afe ty  of 
dry a nd s emidry f e rmented s ausage , d ry-c ured cut s , a nd some bacons , 
e spe cially t ho se t o  whi ch f e rme ntable carbohyd ra t e  i s  added , and a ny 
possible i nc rease i n  health  hazard posed by reducing n i t r i t e  add i t ion 
t o  the se p roduc t s  would be les s .  Howeve r ,  unle s s  f e rme ntable carbo
hydrates a nd s t arter culture s a re added , n i t r i t e  may be e s sent ial f o r  
the safety o f  f ermented sausage s .  

Some approache s t o  the reduc t ion o f  micro bi al proli fera t ion or  
contamina t i o n , such a s  re f rigeration o r  i nc reased hygiene , would have 
re sult s  s imilar t o  those o f  ni t ri t e  add i t ion , i f  they we re r i gorously 
applied . Bu t they i nvo lve considerable unce rtaint ie s tha t a r i s e  f rom 
the possibility  o f  human e rror o r  mechanical f a i lure . Thus , t he Com
mi t t ee believe s  tha t  ni t rite add i t i on i s  mos t  c losely app roxima ted by 
a l t ernat ive s  t hat f unc t ion by ki lling c ontaminant s i n  produc t s--e . g . , 
therma l  proce ssi ng or  i r rad i a t i on--o r tha t  a re i nt rinsic  t o  the 
produc t s--e . g . , pre servat ive c ompound s ,  aw , and pH . 

RECOMMENDATIONS 

1 .  If int rinsic factors in cured mea t s  t hat  exert c ont rol ove r  
mi c robi a l  prolifera t ion we re optimi zed , the need f o r  p re s erva t i ve s , 
such a s  ni t ri te o r  the a l t e rnat ive s considered i n  Chapter 4 ,  might be 
reduced . To determine the extent to which t hi s  might be po s s i ble , 
the Commi t tee re i terates a recommendat ion made i n  i t s  f ir s t  report : 

High prio ri t y  should be accorded t o  inve s t iga
t i ons of t he i nt e ract ion of fac tors c ont rolling 
pathogens and spoilage o rgani sms i n  d i f f e rent 
commerc ial p roduct s in o rder t o  deve lop me thod s 
for predic t i ng the degree of cont ro l gained or 
lost t h rough a l te ra t ion o f  any o f  t ho se f ac tors . 

Variable s to  be inve s t igated i n  such work i nc lude : 

• Produc t c omposit ion , i nc lud i ng c ut o f  meat u sed a nd 
t he speci e s  f rom which i t  wa s taken . 

• Produc t c ha rac teri s t i c s , e . g . , pH , aw, Eh , and 
brine concent rat ion . 

• Ty pe s and concent rat ions o f  curing adjunc t s , e . g . , 
pho sphate s ,  a scorba t e , ant ioxidant s ,  chelator s , a nd 
ni t rosat ion inhi bi tors . 

• Proce ssing cond i t ions , such a s  comminution ( which may 
affec t produc t uni formi t y )  and tempe rature and dura t ion of 
heat t reatment . 
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• Atmo sphe re i n  which a p roduc t i s  enclosed . 

• Incubat ion ( s imula ted a buse ) t emperature . 

• Storage ( a t  va riou s temperature s for different period s)  
before t emperature a buse . 

• Degree o f  contaminat ion , e . g . , spo re load . 

2 .  As a c ontri but ion t o  a s s e s sing the need for ni trite  o r  an 
alternative , studies  should be conduc ted t o  dete rmine the extent t o  
whi ch £• botulinum spore s contaminate d i f ferent type s o f  raw mea t s  
and produc t s  made under  d i verse cond i t ions in different geographic 
locat ions . 

3 .  The Commi ttee re commend s periodic evaluation o f  t he need for  
ni t ri t e  or some alternat i ve in  various produc t s  or  p roduc t type s a s  
new i nf ormat ion ( e . g . , on spore contaminat ion) become s available o r  
a s  proce s si ng procedure s change . 
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CHAPTER 4 

ANTIMICROBIAL ALTERNATI VES TO NI TRITE : CHEMICAL AGENTS 

Two chap ters of thi s re port pre sent the Commi t tee ' s evalua t i on o f  
antimi crobial alt ernat ive s to  ni t ri t e . In thi s chapt e r ,  chemica l agent s 
tha t contro l  microbial pro l i fera t i on a re d i scus sed . Chap ter 5 f ocuses  
on the inhi bi tory effec t s  o f  physical treatment s or a l t erat i ons i n  the 
i ntri n s i c  characteri s t i cs  or envi ronment of produc t s .  

Various antimicrobial compound s a re used i n  food s .  Thi s chap t er 
bri efly revi ews the ma jor categori e s ,  focus ing on their potent ial value 
f or inhibi t i ng clos t ridi a ,  pa rt icularly c .  botul i num , in mea t  produc t s .  
For more general descri ptions o f  the use

-
o f  pre serva t i ve s ,  the reader 

should consul t  Branen and Davidson ( i n  pres s )  or the Interna t i ona l 
Commi ssion on Mi crobiological S pec i f ica t i ons for Foods ( 19 80 ) . 

General revi ews o f  the usefulne s s  o f  pre s erva t ive s  as  a l t erna t ive s 
t o  ni tri te  have re cent ly been published ( Pi erson and Smoot , i n  pre s s ; 
Sofos  and Bus ta , 198 0 ) . No s cheme for cla s s i fyi ng pre serva t ive s i s  en
t irely sat isfactory ; the one used i n  thi s chap ter i s  adopted for con
venience . Many pres ervat ive s are sal t s  o f  weak mineral ac i d s  ( e . g . , 
n i tri tes and sulf i te s ) ,  organi c acids ( e . g . , acetic , sorbic , and ben
zoi c ) , or sa l t s  or e s t er s  o f  organi c acid s ( e . g . , pa rabens and a l kyl 
e s ters o f  �-hydroxybenzo ic acid ) . Some ant ibio t i c s , such a s  ni sin ,  have 
found use as pres ervative s .  Other agent s ,  such a s  sodium chloride and 
�-ni trosocys teine , are d i f f icul t t o  categori ze . 

Because the use of  lower concentrat ions of ni t ri t e  i s  al so a pos s i 
b l e  alterna t ive t o  the c onvent ional u s e  o f  thi s agent , the effec t s  of  
lower ni t rite  concen tra t ions a re assessed i n  this  chapter . 

Following a bri e f  d i scuss ion o f  the method s used by the Commi t tee t o  
evalua t e  ant imi crobial alt ernat ive s ,  the ind ividua l  evalua t i ons f o r  ea ch 
agent are pre sented . The se evaluat ions f ocus on the e f f i cacy agains t c .  
botul inum , al though data on o ther mi croorganisms a re also di scussed .  

-

E f f i cacy i s  compa red wi th that o f  ni tri t e  used a t  conventional concen
tra t i on s .  The i nfluence  o f  produc t charac t eri s t i c s  o n  the eff icacy of  
an alternative i s  also d i scussed , a long wi th data on i t s mechani sm of  
inhi bi t o ry action . Conclus ions and recommendat ions based on the Com
mi t tee ' s evalua t ion are g iven a t  the end o f  the chap ter . 

METHODS FOR EVALUATING ALTERNATI VES 

Ni tri te has a mul t i pl i c i ty of ant imi crobial e f fec t s . In i t s  evalua
tion of alt erna t ive s ,  the Commi t tee cho se to focus on the ant i botul ina l  
e f fects , f o r  two reasons : the mos t  seri ous heal th hazard origina t e s  
from spore s  of c .  bo tulinum , and thi s organi sm can s erve as a rep re
sentat ive o f  other spore-f orming organi sms tha t are the ma jor cause of 
spoi lage in  cured meat s .  

4-3  
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�o compare e f f i cacy o f  pos s i ble  alternat ive s wi th that o f  ni tri t e , 
the Commi ttee sought s tudies from which data could be extracted on the 
t ime requi red for  a pa rti cular p e rcentage o f  package s  ( inoculated wi th 
£• botulinum spore s )  to become t oxic . The Commi t t ee judged that  tha t  
measurement was the mos t  reliable for  compa ri so n .  Furthe rmore , the 
Commi t tee focused on data genera ted wi th produc t s  made under commerc ial 
or pilo t-plant cond i tion s ,  becaus e  (as di scus sed in Chapt e r  1 1 )  such 
data a re more re liable than l aboratory data i n  a s sessing the feasibi l i ty 
o f  proposed alterna t ive s .  

Da ta o n  the t ime re quire d for development o f  t oxici ty i n  a part ic
ular percentage of pa ckage s  faci l i ta t e  compa ri son o f  e f f i cacy in two 
ways :  they enable the d e lay produced ( i . e . , the pro tec t ion provi ded ) by 
an agent to be easily  comprehende d  ( e . g . , as ex tra days of res i stance to 
t oxigene s i s ) , and they enable the probabi lity  o f  toxigene s i s  from inoc
ulat ed spores to be calcula ted for pa rticular combinations of produc t 
and t re atment . Such data also fac i l i ta t e  d e t ermina t ion o f  relat ive ri sk 
among produc ts and treatment s .  

No t a ll re port s o f  s tudies o f  ni tri t e  o r  alterna t ive s examined by 
the Commi t tee contained da t a  tha t could be expressed in the way the 
Commi t t ee d e si red . The problems in compari ng s tudies  a ri se for a number 
of  rea sons : 

• d i fferent t e s t  organisms were used , s uch a s  £• sporogenes ; 

• d i f f erent end point s were reco rd.ed , such a s  the t ime to f i r s t  
t oxi c package or the t ime t o  f i r s t  swollen package ( which i s  no t 
rel iable i n  pred i c t i ng t oxi n f o rmation ) ;  or 

• d i f ferent t e s t  systems were used , such a s  meat slurri e s , as 
opposed to  comme rcial produc t s .  

Be cause o f  the need t o  genera te inf orma t ion o n  the antimicro bial 
spe c t rum and eff icacy of alt erna t ives in the range of product s  in whi ch 
they might be used and on the fac tors tha t  inf luence the i r  activi t ies , 
no s i ngle experimental desi gn could be idea l .  The Commi t tee d iscussed 
in deta i l  ( s ee Chapter 11) s ome o f  the above-mentioned experimental 
cons iderat ions tha t i t  beli eves important . A brief  bibliography of 
s tudi e s  that were conduc ted i n  model systems and a re not d i scussed i n  
thi s chapter  i s  presented i n  Append ix A .  

EVALUATION OF ALTERNATIVES 

Low Conc entra t i ons o f  Ni tri te 

The effects o f  convent ional ni tri t e  use were reviewed by the Com
mi t tee in i t s  f irs t report ( Nationa l Academy of Science s ,  1981 ) .  The 
ant ibotulinal e f fec t s  of ni tri te  at concentra t i ons below those currently 
used are reviewed here . Table 4 -1 present some selected examples of  the 
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TABLE 4-1 

Delay by Nitr i t e  o f  Toxin Product ion or Swel ling in Various Commercial Cured Products 
Inocula t ed with C . b otulinum S pores and S ubj ect ed t o  S imula t ed Temperature Abuse

4 

I noc 11 h •  
Pro4..ct C.l••• Procluc t Spore•Jab Procea•l!!l

c 

.. CMI'ed 

..... ..... 52 d --

...... , .. ·-· 100 Sll . ]  • -· .. _. 
CoolrAI4 cur .. 

... , .... , ... . _..., - 5 61 . ]  
....... u h'aakl urtera, _., ]25 7 1  
al tai' FI'ADILf Ul'tera, cbiCkeD s 
-·· .. rrADitf urtara , ell leU. sao 61. 5 

... , .... , .... Perlabaltle , c....t 100 61 . 5  
..-.d --tad pork 

s��eu-.wu Pork 1-- -• 100 0.41 

Sodl• 
Cb lorl.de1 I 

1 . ]] 

2 . 5 

1 . 07 
z . •  

2 . 5  

2 . 5  

2 . ]  

Dar• co eo.p•rab l •  Toxia P rocluc:Uoa. o l'  Swlliaa, 
a.up yf l!o MU!H! .. ..!.OL � � �  

'1ol0:'1ol0 

<14 1 < 14 

< ) 1 <6 
< 1 4 r < H  
< 7 : < 6  

<4 : <4 

7 : 43 

� � 

'lo10:'1o20 

<la < lO 

< J a ,.12 

7 : 102 

10 : 14 

!!!:!I& !12.J!IlJ!& .ill...!ll!!& � 

'lolO: M  

<14 & <21 

< ] : <12 
< 14 : ,.56 
cJ : > 1 2 
<4 : <6 

7 : 107 

1 0 : 1 7  

Arhe efficacy of various treataen ts 1a analyzed by caaparing the number of  daya of  incubation that were required for a particular 
percentage of  p roduc ts in a treabaent group to becoae toxic or swollen at  the si.ulated abuae (incubation) teaperaturea . The 
incuba tion te�rature vas 2 7 °C in all etudiea excep t tha t of Pivnick and Chang ( 19 7 3 ) , which vas 35 ° C .  Bacon uaed in the study 
by Christiansen !! a l .  ( 1 9 7 4 )  vas p roduced in a pilot plant . 
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but no nitrite , had been added ,  10% of the aaaples were tox i c  wi thin 1 1 2  d .  For product s  to which glucoee and aod iua nitrite ( 50  .. /kg) , 
but no atartar culture , had been added , toxin product ion v�a coapletely inhibited aa long as 1 12 d .  
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d elay in toxin product ion or swelli ng i n  product s  i noculated wi th £• 
botulinum sp ore s and subjected t o  s imulated t emperature abuse . These 
data demons trate tha t some produc t s ,  if  f o rmulated wi th no ni tri t e , 
would become t oxic before o ther s- -e . g . , t urkey ham before peri shable 
canned comminuted pork or red-mea t frankfurters , and the pro tection 
( e . g . , d e lay o f  t oxigenesi s )  conf erred by a s pec i f ic concentra t ion o f  
added ni t r i t e  va ries among produc t s .  

For bacon , no d i scerni ble d i f ference  was seen unt i l  nitri te  was 
added a t  60 mg/ kg , and a concen tra ti on of 120 mg/ kg was requi red t o  
produce a subs tant ial d i f fere nce ( Chri s t iansen e t  a l . , 19 74 ) .  A 
concentra t i on o f  150 mg/ kg was requ ired before inhi bi t ion was detected 
i n summer sausage ( Ch ri s t iansen ,  e t  al . , 19 7 5 ) . However , d i f ferences 
were seen a t  50 mg/ kg i n  t urkey ham ,!Dea t frankfu rt er s ,  and peri shabl e  
canned comminuted pork (Chri s t iansen e t  al . , 19 7 7 ;  Hu stad e t  al . ,  19 7 3 ; 
Tompki n ,  197 8 ;  Tompkin e t  a l . , 19 7 7 ) .--

-- -- --

Ap pend ix D pre sent s calcula t i ons o f  the probability of  t oxigene s i s  
or swe l l i ng f rom c .  botulinum spore s i n  product s  wi th d i f ferent amount s 
o f  nitri te  under cond i t i ons o f  s imulated t empera ture abuse . Re sult s  
wi th bacon ( Table D-1 ) , peri shable canned comminuted pork ( Table D-2 ) , 
and s ome o ther produc t s  ( Ta ble D- 3 )  a re s ummari zed in  Table 4 -2 . 

F or baco n ,  on whi ch mos t  tes t i ng has been done , the probabi l i t i e s  o f  
t oxigene s i s  in  a n i t r i t e-free produc t subjected t o  a t empera ture o f  
2 7°C f o r  a week vari ees by 6 o rd er s  o f  magni tude , depend ing on a 
va riety  o f  intrins i c  product fac t or s ,  such a s  suga r ,  salt , a scorba t e , 
i soascorbate , and phospha te concentra t ions ( C hapter 3 ) . For  mos t  
concentra t ions of  added sodium ni t ri t e , the lower probabi li ties  o f  
t oxigene s i s  s eem t o  b e  usually , but not invariably , associated wi th 
hi gher sugar or brine concentra t i on s .  Insuffi cient data are avai lable 
to j udge accura tely the e f fec t of ascorbate  on the probabi li ty of 
toxigene s i s in low-ni tri t e  baco n.  

Wi thi n part icular s tud ie s , it  i s  apparent tha t add i t ion o f  increas
i ng concen trat ions of ni tri te  generally reduces the probabi l i ty of taxi 
genesis  from c . botulinum spore s .  Taken overall , the se data re inf orce  
the view tha t

-
intrins i c  produc t fac tors  ( o ther than n i t ri t e )--pa rt icu

la rly added carbohydrate and sal t--and factors i ntrinsic to the raw mea t 
bef ore processing can cons id erably i ncreas e  the res i s tance o f  bacon t o  
t oxigene s i s . 

Be cause o f  the wide vari a t ion i n  the intrinsic suscept ibili ty ( or 
re s i s tanc e )  to toxigene s i s from c .  botulinum spore s during t empera t ure 
abuse of ni tri t e-f ree produc t s ,  as wel l  as  among supposedly s imi lar 
produc t s  ( e . g . , bacon ) ,  omi s s ion of  ni tri t e  from d i f ferent classes of 
produc t would have d i f ferent re sul t s . Product c lasses d i f fer in the 
i nc rease in  res i s tance to  toxigene s i s  tha t  i s  conferred by rai s i ng the 
concentra t ion of  ni tri t e ;  f or example ,  fermented sausages d i splay a 
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TABLE 4-2 

c . 
Effect  o f  Nitrite on the Probab ility of  Outgrowth and Toxigenesis or Swelling from 

botulinum Spores During Simulat ed Temperature Abuse for 1 Week at  27 °C  in Various Cured
Meat Product sa 

Added Nitrite Concentra t ion, !Ilk& 
P roduct Class Product 0 40- 50 1 00  120 

Rav, cured 

Bacon Bacon (a)  
1 X 10-2

-<6 X 10-8 
5 X 10-4

-6 X 10-8 < 1 X 10- 5-1 X 10- 7 3 X 10-4
-< 2  X 10-8 Other p ickle-cured 

Dry-cured 
d0- 5 < 10-5 < 10- 5 Feraented , dried and Feraenta d ,  e . g . , 

aaaidried aauaagaa •-r aauaage 

Cooked , cured 

Paateurhad , pack- Liver aauaqe (• ) b l>lo-2
-lo-4 l> ( l0-2

- lo-4) lo- 2-lo-5 
qad af ter Turkey he. alo- 2

-lo-4 1o-2-1o-5 
Chicken l>lo-2-lo-4 <10- 3 

frankfurters 
lo-4

- < 1o- 5c 
do- 5 < 10- 5 Frankfurters 

Liver aauaqa (ha ) b , lo-5 < 10- 5 <10-5 

•3 x 10- � a 
d 

Paa taurbed , canned Co•inutad > 3 x lo- 3
- > 5 x 1o-4 • 

pork > 3  x 1o-3- > 1o-6 8 x lo-4
-< 7 x 1o- 7• 

C2 X 10- 5-6 X 10-7 

eo.&rcially a terile e . g . , deviled <10-! 2 <10-12 < 10- 12 
<10-12 

ha 

8Probab ility , p • ( ln n/q ) / a ,  vhere n • no . packages , q • no . nontoxic packages , and a • no . challenge spo res /package . 
Data in thia table extracted froa Tables D- 1 ,  D- 2 , and D-3 in Appendix D .  

� • .odarately aaltad, h a  • highly aaltad. 
Clncludea ao.e tea ta conducted vith aodiYB nitrite at 30 .. /kg .  
dwi thout added aacorbate o r  iaoaacorbate . 
&wi th aodiua aacorbate or iaoaacorbata at �200 .. /kg . 

15Q-156 

10-5-<6 X 10-8 

<10-5 

<10-6 
< ( lo-3

-lo-4 > 
< ( lo- 3

-lo-4> 

< 10- 5 
<10-5 

-4 -6d 
5 X 10_5-5 X 10 _6e 
3 X 10 -<3 X 10 

<10-u 

� I 
...... 
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smaller i ncrease in re s i s tance to toxigene s i s  than do pas teurized poul
try produc t s  for e qual addi t ions of  nitri te . Thi s  i s  cons i s tent wi th 
dat a  presented i n  Table  4 -1 .  Variat ions in suscept i bility  to  taxi
gene s i s  can occur wi thin produc t c lasses a s  well .  For example , the 
probabi l i t y  o f  t oxigene s i s  varies by 4 orders of magnitude in d i f f erent 
s ampl e s  of bacon containing sodium nitri t e  a t  120 mg/ kg . In thi s case , 
fac t ors such a s  added carbohydra t e , brine concentration , i soascorbate , 
and mea t compos i t ion a f f e c t  re s i s tance  to  toxigene s i s  ( C hapter 3) . If  
more were known abou t the int erac t ions of the se fac tor s , cure f ormula
t ions could be a ltered t o  op t imi ze micro bial inhi bi t ion , and the amount 
of ni t ri t e  added to produc t s  could be reduced to some extent wi thou t 
i nc reasing the ri sk of  pa thogenic hazard . 

Because o f  the wide variat ion among supposedly s imilar produc t s ,  i t  
may no t be pos s i ble t o  use calculat ions of probabi l i t i e s  of toxigene s i s 
for o ther than the mos t  general comparisons be tween product classe s .  
The observed vari a t ion undersc ore s the need for a be t ter under s tand ing 
o f  the i nt erac t ions o f  the fac t ors that contribute t o  control of mi cro
bial pro l i fera t ion.  Knowledge o f  int erac t ions wa s summari zed i n  the 
Commi t t e e ' s  f irst  report , whi ch also described a t t empt s  to d e rive model s 
tha t could be used to  pre d i c t  chang e s  i n  protec t i on against  toxigene s i s  
i f  fact or s  tha t con trol mi crobia l prolif erat ion were altered ( National 
Academy of  Scienc e s , 1 9 81 ) . Perhaps the mos t  compre hens ive of  such 
models i s  that d erived by Robert s  et a l .  ( 19 8la , b , c ) , who studied such 
vari ables as  ni tri te , ni tra t e , sodium-chloride , i soascorbate , heat 
t rea tment , and abuse t emperature i n  a hea ted meat-s lurry model  system .  

Other Sa l t s  o f  Weak Mi neral Ac i d s  

Hypophosphi t e . Sodium hypopho sphi te , the sodium salt of  hypophos
phorous acid , ha s been inve s t igated by P i erson e t  a l .  ( 19 8l b )  as  an 
a l terna t ive to  ni tri te  for inhi bi t ing f· botulinum:in bacon produced 
commercially . The d e lay in toxin produc t ion or swe l ling in bacon 
i nocula ted wi th f· bo tulinum spore s and containi ng sod i um hypopho sphi te 
or ni t ri t e  is shown in Table 4 - 3 .  Sodium hypopho s phi t e  a t  3 , 000 mg/ kg 
ap pears t o  be as  ef fec tive a s  sodium nitri te a t  120 mg/ kg . In add i tion , 
the combina t ion of sodium ni t ri t e  a t  4 0  mg/ kg  wi th sodium hypopho sphi t e  
a t  3 , 000 mg/ kg , or  1 , 000 mg/ kg i n  t h e  pre senc e  of  sodium tri polyphos
phat e ,  appears t o  be a t  lea s t  as effect ive as  current nitrite  us e .  
Sodium hypophosphi te  has not been s tudied i n  other meat produc t s , nor 
has i t  been assessed against mi croorgani sms o ther than c .  botulinum . 

Sulf i te , Sulfur Di oxi de , Bi sulf i t e , and Me tabi sulf i t e . Sulfur 
dioxide , or an agent that produces sulfur dioxide , is used in various 
c ountries  in many produc t s--e . g . , frui t s ,  shrimp , sausage , pickles ,  and 
wine s--to control mi crobial growth.  It inhibi t s  mold s ,  bac t eri a ,  and 
undes irable yeas t s .  The use of sulfur dioxide and related sal t s  to 
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TABLE 4-3 

De lay by Sod ium Hypopho sphite in Toxin P roduct ion 
and Swe l l i ng f rom c . bo tulinum Spore s in Commerc i a l ly Pre pared Bacon 

Sub j ec ted to Simula t ed Temperature Abuse a t  2 7 ° C a 

Cond i t i ons 

Sucrose , mg/ kg 
Sod i um t ripo lypho sphate , mg / kg 
Sod ium chloride 
Isoa scorba t e , mg 

Sod ium Sod ium 
Ni t r i t e , Hypopho sphi te , 
mg/kg mg /kg 

No ni t ri t e : 120 0 
No ni tri te : 40 0 
No ni t ri t e : 40 500 
No n i t ri te : 40 7 50 
No ni t ri t e : 4 0  1 , 000 
No ni tri te : 40  3 , 000 
No ni t ri t e : 0 500 
No n i t r i te : 0 1 , 000 
No ni t ri t e :  0 2 , 000 
No n i t ri t e :  0 3 , 000 

aDa ta f rom Pierson et  a 1 . ,  198l b .  
b--Deno t e s  not t e s ted or no t re cord ed . 
CWi thout sod ium tripo lyphospha t e . 

Inoculum ,  s�ore s/s 
100-500 100-500 Uninoculated 

1 , 100 1 , 100 1 , 100 
2 , 00 0-3 , 000 2 , 000-3 , 000 2 , 000-3 , 000  
1 . 5-2 . 0  1 . 5-2 . 0  1 .  5-2 . o  
550 500 550 

Ra t i o ,  % Swo l len 
Ra t i o ,  Days to Packages Af t er 
Fi r s t  Toxin 1 7  d 

7 : 14 6 : 14 100 : 20 
7 : 1 2 6 : 7  100 : 50 
7 : 7  _ _  b 100 : 80 

6 : 7  
7 : 3 7 6 : 1 5  ( 6 : 10c ) 100 : 20 
7 : 1 7 6 : 1 4 100 : 10 
7 : 9  100 : 100 
7 : 7  6 : 4  100 : 60 

6 : 4  
7 : 1 7 6 : 1 0 100 : 30 

� I \0 
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control mi c roorganisms in foods has been reviewed by the Interna tiona l  
Commi s sion on Mi crobiological Spec i f icat ions for Foods ( 1980 , PP • 18Q-
184 ) and Ough ( in pres s ) . The act ive inhibitory spec ies i s  the unbound 
unioni zed molecular form that increases as pH i s  lowered . Inhi bi tory 
act ion i s  mos t  pronounced below a t  pH of 4 .  

The only inve s t igat ions of sulfur d i oxide as  a part ial or complete 
ant i botul inal re placement  f or ni trite appear to be those conducted by 
Tompkin e t  al . ( 1 980a , b ) . Sodium metabi sulf i t e  was used to provide 
sulfur d ioxide at  concentrat ions of  50 , 100 , or 200 mg/ kg .  In addition,  
s ulfur dioxide at  200 mg/ kg was used in combinat ion with sodium nitri t e  
a t  4 0  mg/ kg .  I n  perishable canned comminuted pork inoculated wi th c .  
bo tulinum spores and i ncubat ed a t  2 7°C , the various concentrat ions of 
s ulfur dioxide led to  variable inhibi t ion of swelling , and the ant i
botul inal e f fect inc reased dramatically as  the sulfur dioxide concentra
t ion was rai sed from 100 mg/ kg to 200 mg/ kg and was essentially un
af fected by storage at 4 .4 °C for 10 wk before temperature abuse . 
However ,  the presence of  ni trite s i gni f icant ly reduced the antibotulina l  
e fficacy of  sulf ur dioxide at 200 mg/ kg . 

The maintenance of ant i botulinal ac t ivity during s torage i s  a de
s irable feature of alternat ive s to nitri t e .  However , the appa rent 
antagonism be tween sulfur dioxide and ni tri te may limi t its usefulnes s 
where i t  i s  desire d  to use ni tr i te for color f ixat ion and ant ioxidant 
effec t s .  In the Uni ted S tate s ,  sulfur dioxide i s  no t permi t ted i n  food s 
that are ma jor sourc e s  of thiamine , such a s  meat s .  

Organic Ac ids and The i r  Sal t s  

The organic acids mos t  commonly used as food preserva tives are ace
tic , propionic , lac t i c , ci t ric , sorbi c , and benzoic . Because the acid 
or ester mus t remain und i s sociated to inhibit micro bial growth , the 
e f f i cacy of these agent s depend s on the i r  equilibrium dissociat ion 
constant s and the pH of the ir envi ronment . 

Probably because the i r  opt imal pH ( 2 . 5-4 . 0 )  i s  well below that of  
mos t  cure d meats , benzoic acid and benzoa tes do  not appear to have been 
tested as re placement s for ni tri t e  ( Robach , 1980 ) . Simi larly , no s tud
i e s  on the ant iclos trid ial eff icacy of propionic acid , propionate& , or 
c i t ric acid in mea t produc t s  were found . The opt imal pH of sorbic acid , 
however , i s  4 . 7 5 ,  and the upper limi t for signi f icant ac t ivity may be 
6 . 5  ( Sofas and Bus ta , in pres s ) . 
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Sorbic Ac id and Sorbates . 1 Of all potent ial alternatives to 
ni t rite , sorbic acid (CHJrCH-cH-CH-cH-COOH) , usually a s  the potass ium 
s alt , has been the most intensively investigated . Studies on sorbic 
acid  have been thoroughly reviewed by Sofas  et al . ( 19 7 9a) , Robach and 
So fas ( in press ) , and So fas and Busta ( in press); and only the most  
pertinent findings are mentioned here . The use of sorbic acid in foods 
o ther than meat s  has been reviewed by the International Commission on 
Microbiological Specifications for Foods ( 19 81 ,  pp . 1 26-135 )  and Sofas  
and Busta  ( in pres s ) . 

Tompkin e t  al . ( 19 74 ) re ported that  sorbic acid delayed product ion 
of toxin fro;-c:-botulinum spores in an uncured , cooked sausage prod
uct . Thi s  finding led to  intensive investigation of i t s  capaci ty to  
serve as  a total or partial replacement for  ni trite  in various product s  
( So fas  and Bus ta , i n  press ) .  

In 19 7 9 ,  the u.s.  Department of Agriculture investigated the effi
cacy of the combination of potass ium sorbate a t  2 , 600 mg/ kg) and sodium 
ni tri te a t  4 0  mg/ kg in bacon commerc ially produced on a large scale . 
The result s  are shown in Table 4-4 wi th those of  o ther studies of sorbi c 
acid alone at  0 . 2% ( from potassium sorbate at  2 , 600 mg/ kg and in com
bination wi th sodium ni t rite  at  4 0  or 80 mg/ kg .  The data show that the 
combination of potassium sorbate at 2 , 600 mg/ kg and sodium nitri te at  4 0  
or 80 mg/ kg provides antibotulinal protec tion generally equivalent t o  
that af forded by sodium ni tri te alone a t  1 2 0  mg/ kg . Sorbate alone at  
2 , 600 mg/ kg was less  effect ive . 

The combination of sorbic acid and nitri te has also been tested in 
various frankfurter emulsions and found to  be as  effective as  conven
t ional nitri te use , as shown in Table 4-5 . In this case , as  was seen in 
bacon,  sorbic acid  alone a t  2 , 000 mg/ kg i s  not as  effect ive as con
ventional use of nitri te . However , Ivey and Robach ( 19 78 )  found that , 
in  canned comminuted perishable pork ,  sorbic acid  a t  2 , 000 mg/ kg wi th 
sodium acid pyrophosphate at 0 . 5% was more effec tive than sodium nitri te 
at 156 mg/ kg in inhibiting the swelling that results from c . botulinum 
spore outgrowth . Treatments  wi th sorbic acid at  2 , 000 mg/kg plus sodium 
ni tri te at 50 mg/ kg or sorbic acid  at  1 , 000 or 2 , 000 mg/ kg plus sodium 
nitrite at  50 mg/ kg and sodium acid pyrophosphate at 1 . 5% were also at  
least  as  ef fective as  convent ional use  of sodium ni trite at  156  mg/ kg .  
Huhtanen and Feinberg ( 19 80 )  s tudied sorbic acid activi ty in commer
cially prepared frankfurters and found that 0 . 2% s orbic acid in turkey 
frankfurt ers acidified to a pH of  5 . 7 resulted in protection comparable 
wi th that of sodium ni trite at 135 mg/ kg (as  measured by mean swel l 
t ime ) . This mixture was less effective in chicken frankfurters . 

1The term "sorbic ac id" i s  used here to denote both potassium sorbate 
and sorbic acid , because it i s  the undissoc iated form of the acid that 
i s  act ive . 
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Cond i tions 

Cu re i ng red ient sc 

TABLE 4-4 

Delay in Toxin Production by Var ious Preservatives or 
Combinations in Commerc ially Produced Bacon 

Inoculated with 1 , 000 C .  botulinum Spores and 
Subj ect ed to Simulated Temperature Abuse at 2 7 ° Ca 

USDA 
( 19 7 9 ) b USDA 

( 1979 )
b 

20 

USDA b 
( 19 7 9 )  

1 , 200 

USDA b Sofos 
( 19 7 9 )  e t  a l .  

5 , 000 8 , 000 

Sofos 
( 1980c ) et a l .  ( 1980c ) 

8 , 000 Suga r ,  mg/kg 
Phosphate , mg/kg 
Sod i um c hlori de ,  % 

600 
3 , 000 

1 . 4 7  
7 50 

1 . 69 
1 , 200 

1 . 81 
4 , 600 

1 . 40 
5 , 000 

1 . 70 
5 , 000 

1 .  70 

Days to comparable toxin 
produc t ion or swelling ; 
rat i o  of no n i t r i t e  t o :  

Sodium 
N i r; r i t e ,  
mg/ kg 

PotassiUIII 
Sorba t e , 
mg/kg 

120 
80 
60 
40 
80 
40 

0 
0 
0 
0 

5 : 1 2  
--d 

10 : 1 5  6 : 1 6 15 : > 60 13 : >60 < 10 : >40 

0 

2 , 600 
2 , 600 
2 , 600 

5 : 3 3 10 : 23 6 : 30 15>60 
1 3 : > 60 
13 : 55 
13 : 20 

<10 : >40 
<10 : 10 
<10 : 10 

Percent sa•ples toxic 
at  t ime of  co111par i son 50 40 20 20 20 

8All  t es t s  were conducted in bacon commerc ia l l y produced on a large scale . The e f f lcary of various t reatments is 
analyzed by compar ing the numb er of  days of incuba t ion t hat were requi red for a pa r t i cu l a r  percentage of packages 
in a t reatment group to b ec0111e t oxic or swu l l �n . A l l da t a e xcept those in  the laN t co l umn are for toxin produc
t ion in swol len packages . Data in the las t column are for toxin produc t ion in ser ial ly sampled packages , 
whether swol l en or not swollen .  

boats pertain t o  Phase I o f  the s tudy b y  the U . S . Department o f  Agr iculture ( 19 79 ) . 
ceoncentrat ions lis ted were target values . Actual values may deviat e , somet imes considerably , f r0111 target values 

( e . g . , u . s .  Department of Agricul ture , 1979) . 
dDenotes not tested or not recorded . 

20 

� I .... 
N 
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TABLE 4-5 

Delay in Toxin Product ion by Various Preservatives or Combinat ions 
in Frankfurt er s  Inoculated with 500 C .  botulinum Spores and - a Subj ected to  Simulated Temperature Abuse at  27 °C  

Beef /Soy Bee f  Pork Chicken 

Cond i t i ons 
( Sofoa et s l .  • 

1979b , l9B0b) 
( So fos et a l . • 

19 79b , ""T980b > 
( Sofoa et a l .  • 

1979b , l9S0b ) 
( Sofos et a l . , 

19 79c ,d, I980a ) 

Days to compa rable toxin 
produc t ion;  rat io of no 
nitrite  t o :  
Sodium 
Ni t; r i t e ,  
1118/ kg 
156 

80 
40 
80 
40 

0 

Po tassium 
Sorbat e ,  
mg/ltg 

0 
0 
0 

2 , 600 
2 , 600 
2 , 600 

Percent saaples time of 
c011pa ri son 

-
5 : 31 --b 4 : 13 
5 : 4  4 : 8  4 : 6  

5 : 52 4 : 4 5 4 : 45 

5 : 8  4 : 8  4 : 8  

20 20 20 

•Ai l teats were conduc t ed in f rankfurters produced und e r  commerc ial cond i t i ons . 
t reatments is analyzed by compa ring the number of days of i ncubat ion that were 
percent age of packages in a t reatment group to become toxic . 

bne notea not tested or not recorded . 

<4 : 6  

<4 : <4 

<4 : 10 

50 

The e f f icacy of various 
requ ired for a part icular 

Chicken 
( So fos et a l . , 

1979c , d,  D80a ) 

4 : 6  
4 : 4  

4 : 1 7  

4 : 7  

20 
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Sorbic acid in combination wi th sodium ni trite  has also been shown 
t o  inhibit  s taphylococci and salmonellae ( Pierson et al . , 19 79 ;  Tompkin 
e t  al . , 19 74 ) . It does not ,  however , inhibit lac tic-acid-producing 
organisms ( Emard and Vaughn ,  195 2 ) . The o ther ant imicrobial actions , 
predominantly ant ifungal action, of sorbic acid in uncured meats and 
o ther foods have been reviewed by So fos and Busta ( in pres s ) . 

The mechani sm of ac tion of sorbic acid has been investigated , and 
s tudies have indicated that i t act s  a s  a compet i t ive inhibi tor of spore 
germination (Pierson et al . , 19 8la ; Smoot and Pierson , 19 81 ; So fos et 
a l . , 1979c ) . The precise-mechanism by whi ch sorbic acid is  inhibitory 
i s  not fully elucidated ( So fos and Busta ,  in pres s ) , especially that of 
i t s  apparent synergism wi th ni tri te .  Recent studies ind icate that s or
bic acid may also inhibi t spore outgrowth or  cell multipl ication ( J . c .  
Blocher and F .  F .  Busta , University of Minnesota , personal communica
t ion , 1981 ;  Sofos e t  al . , 19 7 9d ) . 

More details on the investigations of  the efficacy of sorbic acid as 
a total or partial replacement for ni tri te can be found in Pierson and 
Smoot ( in pre ss ) , Sofos ( 19 81 ) , and So fos and Busta ( 1980 ) . 

Esters of  Organic Acids 

A number of  organic acid es ters have been tested in meat products  or 
sys tems as possible replacements for ni trite , generally wi th disappoint
ing re sults . They a re active in  laboratory media or aqueous s lurries , 
but because of the ir higher lipid solubility , they are generally no t 
available for antimicrobial ac tion in the aqueous phase of meat products .  

Parabens .  Tanaka et  al . ( 19 7 8 )  found that parabens--the alkyl  
e s ters o f  �hydroxybenzoic-acid--had little ant ibotulinal  act ivi ty in  
frankfurter s .  Deibel ( 19 7 9 )  reported s imilar findings . 

Glyceryl Monolaurate . When tested in a meat s lurry ( pH , 6 . 0-6 . 2 ) ,  
glyceryl monolaurate  (monolaurin; Lauricidin) at  5 g/ kg inhibited toxin 
produc tion by c .  botulinum s trains produc ing toxin type A, B ,  or E ,  but 
at 3 g/ kg there was no act ivity ( Notermans and Dufrenne , 1981) . Robach 
e t al . ( 19 81 )  also report ed that 3 g/ kg had no effect on outgrowth and 
gas formation by Clos tridium sporogene s PA 367 9  in a pork homogenate . 
Thi s compound has not been compared with nitrite in a model system or 
tes ted in a meat product . 

Fumarate Es ters . Me thy lfumarate and ethylfumarate esters at  1 , 500 
or 2 , 000 mg/ kg were reported to be at leas t as effective in inhibiting 
gas produc tion in a comminuted bacon model system inoculated wi th c .  
botulinum spores as sodium ni tri te at 120 mg/ kg ( Huhtanen et al . , 19 81) . 
In a small-scale s tudy , bacon produced under s imulated commerc ial con
ditions wi th monome thylfumarate or  monoe thylfumarate at 1 , 250 mg/ kg has 
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been found to be at  least  as  resis tant to toxigenesi s from c .  botulinum 
spore s  a s  convent ional bacon ( produced with sodium nitri te at 120 mg/kg )  
( Huhtanen ,  e t  al . , 1981 ;  u. s .  Depa rtment o f  Agriculture Eastern Regional 
Re search Cente� Phi ladelphia,  personal communicat ion, 1981 ) . 

Antibiotics 

The use of antibiotics as  antimicrobial food addit ives has been 
reviewed by the International Commi ssion on Microbiological Specifica
t ions for Foods ( 1 981 ,  pp . 16Q-16 9 ) . In thi s country , largely because 
of  concerns regarding the select ive pressures for antibiotic resistance 
that they would impose , antibiotics a re not used as food additive s ;  
however ,  two nontherapeutic antibiotics are used in foods i n  other 
countri es--natamycin and nisin.  Because natamycin is ef fect ive 
primarily agains t · fungi , i t  i s  not discussed here . 

The use of  nisin as  an ant imicrobial adjunc t to heat processing of 
some foods and as  a means of controlling the clos tridial "blowing" of 
cheese has been thoroughly revi ewed by Lipinska ( 19 7 7 ) ;  however , testing 
of nisin as an alternative to ni trite in cured meats has been sparse .  
Rayman e t  al . ( 19 81 )  report ed that nis in a t  7 5  mg/ kg was superior to 
sodium ni trite at  150 mg/ kg in inhibiting outgrowth of f• sporogenes PA 
3679  in meat s lurri es that had been processed to s imulate the cooking of  
ham . However ,  during re frigerated s torage , nisin  depleted t o  a point 
where it no longer inhi bi ted clos tridial outgrowth during temperature 
abuse .  A combinat ion of nisin at 7 5  or 100 mg/ kg and sodium ni tri te a t  
4 0  mg/ kg almost  comple tely inhibited outgrowth af ter refrigerated stor
age . Later s tudies of the ef fec t of nisin in model meat  systems have 
i ndicated that i t  i s  less act ive agains t c .  botulinum spores  than 
agains t f· sporogenes spores  ( A .  Hurst , Health and Welfare Canada , 
Ot tawa , Ontari o ,  personal communication, 19 81 ) . 

S-Ni trosocys teine 

Kanner and Juven ( 19 80)  investigated S-nitro socys teine , which is  
generated by ni tri te during the curing of-meat , as  an anticlos tridial 
agent . It was less effec tive than nitri te at  delaying swelling of 
perishable comminuted canned turkey meat that had been inoculated wi th 
f· sporogenes PA 36 7 9  spore s ,  heated to  6 8 . 5°C ,  and then incubated a t  
2 7°C .  F i f ty percent o f  cans containing 1 .4 5  mM !-ni trosocysteine were 
swollen after 14 d of incubation .  Doubling the S-ni trosocysteine con
centration postponed thi s end point by only 2 d .- However , swelling of 
half the cans containing 1 .4 5  mM sodium ni trite  ( 100 mg/ kg )  was no t 
observed until  af ter 2 3  d of  incubation; i f  the ni tri te concentration 
was doubled , the end point was pos tponed to over 100 d .  No data were 
collected in thi s s tudy on swelling of cans containing nei ther nitri te 
nor !-nitrosocysteine . 
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Sodium Chloride 

Sodium chloride is  an indispensable agent in curing and in the sys
tem contributing to the preservation of  meat , poul try , and fish products  
to  which nitri te  i s  added . It acts  to  control microbial proliferation , 
not only through the lowering of  water act ivity ( Chapter 5 ) , but appar
ently also through i t s  own antimicrobial action ( Baird-Parker and 
F reame , 196 7 ) .  The concentration of sodium chloride in the aqueous 
phase--the bri ne concentration--is  import ant in selec tive inhibition of 
microbial growth in cured product s .  

The effects o f  sodium chlori de on botulinal hazard and microbial 
spoilage and the range of  microorganisms affected have been reviewed 
e lsewhere ( International Commission on Microbiological Specifications 
for Food s , 1980 ; Nat ional Academy of  Sciences ,  19 81 ) . Brine concentra
t ions of  over 8-10% inhibit spore outgrowth of  Group I c .  botulinum 
( e . g . , pro teolytic s trains producing toxin type A or B ); whereas out
growth of  spores  of Group II ( e . g . , nonproteolytic  s trains producing 
toxin type E or B )  i s  limi�ed by brine at  5% or greate r .  Increasing the 
brine concentration of cured products  could reduce the need for nitrite 
in those products ;  however , the extent to which this could be done · i s 
l imited , not so much by considerations of antimicrobial efficacy as by 
the impac t  of such an increase on the sensory charact eristics  ( accepta
bility) of  different products  and the toxicologic consequences of in
creased sodium intake . These issues  are addressed in Chapters 9 and 10 . 

CONCLUSIONS 

Adequate assessment of the usefulness  of ant iclostridial alterna
t ives to ni t rite  requires  that testing be conducted in products  made on 
a large scale under a variety of  commercial conditions . Under these 
condi tions , antimicrobial alternat ives to ni trite should , at a minimum , 
have equal  antibotulinal activi ty and pre ferably activi ty equal  to that 
of conventional concentrations of ni trite  against spoilage clos t ridia 
and o ther spore-forming microorganisms of concern in cured meats . Ac
t ivity against s taphylococci ( part icularly Staphylococcus aureus ) and 
salmonellae , against which nitri te has l i t tle or no act ivi ty ,  would be a 
des irable feature of alt ernat ive s .  Similarly , i t  i s  des irable tha t 
alternatives be less inhibitory toward lactic-acid-producing bacteria 
than to pa thogens ,  because the former may ferment added carbohydrate to 
acid during temperature abuse , and that would result in a lowered pH , 
which inhibi ts  development of pa thogens .  

Omis sion o f  nitri te in cured produc ts had varied effects on anti
botulinal protect ion in different classes of cured product s .  In addi
tion,  the effec t of part icular concentrations of nitri te on ant ibotu
linal protection wi thin product categories also varied greatly . These 
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findings underscore the importance of o ther intrinsic  product factor s  
(Chapter 3 )  in inhibiting c .  botulinum toxigenesis .  I f  cure formula
tions were altered to maximi ze mi crobial inhibition ,  ni trite concentra
tions could possibly be reduced; however , more information on how to 
optimi ze inhibition by in trins ic product fac tors is needed before such a 
re duction in ni tri te concentrat ions would be possible . 

Of the chemical inhibitors studied thus far as  alternat ives to  ni
tri te , only the combina tion of sorbic acid ( potassium sorbate at 2 , 600 
mg/ kg ) and sodium ni trite  ( at 4 0-80 mg/ kg ) has been convincingly demon
s trated to display antibotulinal activi t y  equivalent to that of conven
tional ni trite use in commercially proces sed baco n .  I n  addi tion,  thi s 
c ombination i s  effective in frankfurters , and sorbic acid and sodium 
acid pyrophosphate wi th or wi thout ni tri te at 50  mg/ kg was as  effect ive 
in inhi biting c .  botulinum outgrowth as ni trite  alone at 15 6 mg/ kg in 
canned comminuted perishable pork.  Sorbic acid  inhibits salmonellae and 
Staphylococcus aureus , and some information is available on i ts  mode of 
action and on factors that i nfluence i t s  act ivity . 

Sodium hypophosphi te , alone at  3 , 000 mg/ kg or at 1 , 000 or 3 , 000 
mg/ kg in combination wi th sod ium ni tri te at 4 0  mg/ kg ,  has d i splayed 
antibotulinal activity equivalent to  that of conventional nitri te use in 
bacon that was produced in  relat ively small amounts  in two commercia l
plant s tudies . Investigations wi th a comminuted-bacon model sys tem and 
preliminary reports on bacon produced on a small scale under condit ions 
s imulating commerc ial production have indicated tha t some fumarate 
esters at 1 , 2 50 mg/ kg show antibotulinal  act ivi ty equal to  that of con
ventional nitri te use . However , more inf ormat ion on the activi ty of 
sodium hypophosphite and me thylfumarate in various produc t s , their mech
a nisms of action, and their toxicity is needed before decis ions can be 
made on the ir in troduction as alternatives to ni tri t e .  

Increased additions of sodium chlori de could be used to achieve the 
des ired inhibition of mi crobial growth, but this would need to be sub
s tantial , e specially to inhi bi t Staphylococcus aureus . 

No o ther chemical inhibitors of mi crobial  growth can yet be judged 
a s promis ing replacement s for nitri te . 

RECOMMENDATIONS 

Studies should be undert aken to determine how to optimize control of 
mi crobial proliferat ion by intrinsic product factors o ther than ni t rite  
(Chapter 3 ) . Inf ormation derived from such studies  should enable pro
ducers to assess the possibi lity of reducing added ni trite while re
t aining the desired degree of microbial inhibi tion through adjus tment of 
controlling factors other than ni trite . 
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The results obtained wi th combinations of ni trite and sorbic acid in 
frankfurters and comminuted peri shable pork should be veri fied and ex
tended to o ther products  made under a variety of commercial production 
condit ions . 

The antibotulinal activi ty displayed by sodium hypophosphi te and 
fumarate esters in  bacon should be verified , and tes ts  should be con
ducted in o ther produc ts . 

If  an alternative is  found to display antibotulinal  activi ty 
equivalent to that of convent ional ni trite use , i ts  act ivity against 
o ther pathogens should be investigated in conjunc t ion with studies of 
fact ors that influence i t s  act ivi ty , as described for ni trite . 
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CHAPTER 5 

ANT IMI CROBIAL ALTERNATI VES : 
PHYS ICAL TREATMENTS OR ALTERATION OF PRODUC T CHARACTERISTICS 

A va riety o f  phys ical treatment s  can be used t o  control prol i f era
t ion of the microorgani sms of concern in meat produc t s . In add i t ion , 
i n t rinsic charac t e ri s tics  o f  the produc t or i t s  environment can be 
al tere d t o  i ncre ase mi cro bial i nhi bi ti on .  These me thod s can be 
divided into thre e general categorie s :  

• Ap pl i cation o f  i nac t ivating trea tment s .  

• Manipulation o f  the chemical or physical charac t e ri s t i c s  
o f  the produc t . 

• Ma intenanc e o f  controlled environment s .  

F o r  some cure d-mea t product s ,  combinat ions o f  me thods from al l 
th ree categori e s  currently contri bute to  the overall reduc tion i n  
mi crobial prolifera tion.  Each me thod ha s a dvantage s and d i sadvan
tage s .  Some can be used a lone t o  exert adequate control i n  s ome 
produc t s . Howeve r ,  becaus e the me thod s usually achi eve the des ire d 
microbial i nhi bit ion i n  concert , the i nterac t i ons among them are 
empha s i zed in the followi ng d i s cus s i o n .  I n  a number o f  ins tanc e s , 
the e f f i cacy o f  a part icular method o r  i t s interactions with o ther 
produc t characteri s t i c s  have been revealed by inve s t igat ions in labo
a tory media . In many cases , i t  i s  not known whe ther these f ind ings 
are  pertinent to  commercial  mea t produc t s .  No t only are  the chemica l 
and phy s ical character i s t ics o f  f ood produc ts--e . g . , water act ivi t y  
( aw) ,  pH , and redox ( oxidation-reduc t io n )  potent ial ( Eh )--d i f f i -
cul t to measure accurately , but they may va ry wi thin a produc t ,  be
cause o f  the nonhomogene i ty o f  compo s i t ion o f  both primal and 
coarsely comminuted produc t s  and becaus e o f  variat ions among manufac
turers . In add i t ion,  microbial re sp onses  t o  treatment s or  adverse  
cond i t i ons va ry widely among genera , specie s ,  and even s trains wi thi n  
a species . Thus , s tudies wi th a part icular microorgani sm may no t be 
d irectly  appl icabl e to  o ther mi croorgani sms of concern.  

AP PLICATION OF POTENTIALLY INACTIVATING TREATME NTS 

Of tre atment s that may inac tiva te microorganisms , only some t ypes 
of radiat ion ( inc luding y rays ) and heating are prac t i cable for food 
produc t s . Ex treme pH a nd ultravi olet radiation,  for example , are not 
of use , because of the d i f f icul t i e s  in applying them to food s .  

5- 3 
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Irradiation 

The use of irradiation, one of the most studied treatments in 
food processing, has been suggested by Rowley and Brynjolfsson ( 1980 ) 
as a method for reducing the amount of sodium nitrite necessary to 
control Clostridium botu linum. This is only one of many potential 
uses of irradiation (I nternational Commission on Microbiological 
Specifications for Foods , 1980 , PP • 4 6-6 9 ) . Be cause the advantages 
and disadvantages of the irradiation of food have been adequately 
covered elsewhere (I ngram and Farkas,  19 7 7; International Commission 
on Microbiological Specifications for Foods, 1980 , pp . 4 6-6 9; Rowley 
et al. , 19 7 8 ) , the details of radapp ertization (i. e. , radiation 
sufficient for commercial sterility , 4 Mrads), radurization (radia
tion sufficient to extend storage life, 0 . 5  Mrad), radicidation 
(radiation sufficient to remove a particular pathogen), microbial 
resistance, and p rocess control will not be covered in this chapter. 

Prototype radappertization processes at -30 + 10°C, with c .  
botulinum spores types A and B as the indicator of microbiologic 
safety, have been car ried out for su ch cured foods as corned beef 
(Anellis et al. , 1 9 7 2 )  and ham prepared with low concentrations of 
added sodium-nitrite (2 5 m g/kg) and sodium nitrate (100 mg/kg )  
(Anellis � al. , 1 9 7 7 ) . The microbiologic safety of this process is 
based on the dose required to reduce the number of c . botulinum 
spores by a factor of 10 12 (Anellis et al. , 19 7 9 ) . -All foods 
irradiated at 12D have been bacteriologically sterile. * This dose 
would also eliminate filamentous fungi, yeast, and tric hinae. Thus, 
highly acceptable packaged corned beef and low-concentration nitrite
nitrate ham may be produced and s tored at ambient temperatures with
out concern for microbial spoilage or hazard to health. 

Recently, Rowley et al. (in press) demonstrated that irradiation 
(at 5° C) provides an alt;rnative to high concentrations of nitrite 
in bacon for microbiologic stability and safety. With 1 . 0 and 1 . 5  
Mrads, there was a g reater delay in the onset of toxic spoilage of 
bacon that had been inocu lated with c .  botulinum spores when irradia
tion was used in combination with sodium nitrite at 4 0  mg/kg of bacon 
than without nitrite. Bacon prepared with sodium nitrite added at 4 0  
m g/kg , inoculated with ap proximately 2 spores/g , and irradiated with 
1 Mrad remained nontoxic du ring 6 0  d at 2 7° c . About 7 3% of the 
pouches of nonirradiated bacon prepared with sodium nitrite added at 
120 mg/kg and similarly treated were toxic by 18 d .  

Ir radiation technology is well developed , to the point o f  pro
ducing acceptable foods that are microbiologically safe and nonradio
active. The major concern regarding safety has been the lack of 

* D  is the dose required for 90% inactivation or one log10 reduc tion. 
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adequate i nformation on the chemical product s  of  irradiation .  The 
toxicology of  irradiated foods i s  d iscus sed in Chapter 10 . 

Hea t  Treatment 

The effec ts of high temperatures on microorganisms and the fac
tors that influence i ts  effect s--e . g . , pH , sodium chloride , carbo
hydrates , fats , and sod ium nitri te concentrat ions--have recently been 
reviewed by the Int ernat ional Commission on Mi crobiological Specifi
cations for Foods ( 1980 , PP• 1- 3 7 ,  1 36-15 9 ) . Prac tical aspec ts  of  
the use  of  high temperature to  control mi croorgani sms in food s have 
been dealt wi th in detail by Stumbo ( 19 7 3) . In i ts first  report 
( National Academy of Science s ,  1981) , the Commi ttee briefly evaluated 
the use of  heating in the control of  c .  botulinum and other organisms 
in cured meat s .  References to more detailed evaluat ions can be found 
in these publicat ions . 

Pas teuri zing heat treatment s generally produce temperatures  at  
the center of  product s  not higher than 7 5°C . They are effec t ive in 
inactivating vegetat ive cells of  most microbial species . More severe 
heating is  generally needed to  inactivate or con trol  spores of  such 
microorganisms as the c lostridia ,  including f• botulinum , and some 
bacilli  ( Internat ional Commi ssion on Microbiological Specifications  
for  Foods , 1980 , P P • 1- 37 , 1 36-15 9 ) . 

Pas teurized cured product s--e . g . , frankfurters or canned 
hams--need re frigeration to  avoid the possibility of  their becoming 
toxic or spoiled f rom the development of survivi ng spores of  c . 
botulinum or o ther organi sms . Ni tri te delays toxigenesis  if  such 
products  are inadvertently temperature-abused .  Product s ,  such as  
deviled ham and Vi enna sausage , that receive a bo tulinum ( 1 2D )  cook 
are termed "commercially s terile , "  i . e . ,  free from pathogens and 
organisms capable of growing under normal nonrefrigerated s torage 
condition s .  The so-called shelf-s table cured produc t s  receive a hea t 
treatment that alone i s  not sufficient to  inactivate all spore s  of  c .  
botulinum , and the ability  of  these products  to resist  toxigenesi s  or 
sp oilage depends on the pre sence of curing salt s ,  such as sodium 
chlo ride and sodium ni trit e ( Pivni ck et a l . , 1969 ;  Riemann , 196 3) . 
Heat treatment inac tivates most  cells-an�some spores , but those 
surviving are of ten injured or damaged and thus more susceptible t o  
the inhibitory effect s  of  sodium chloride o r  sodium nitri te ( Robert s 
and Ingram , 1966 ; Roberts et  a l . , 1966 ) . Heat injury wi ll  probably 
potentiate the ef fect iveness of o ther ant imicrobial compounds or 
treatment s  that mi ght serve as  alternatives to  ni trite , but this 
needs to be veri fied experimentally . 

The poss ibility  that the heating of an antimicrobial compound i n  
a food ( e . g . , a cured meat )  would lead to  reactions that  yield 
products  wi th ant imicrobial action needs to be considered . A s trongly 
antibac terial "Perigo factor" i s  produced by the severe heating of  
ni t ri te in some laboratory media ( Perigo � a l . , 1967 ) .  It has 
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been suggested tha t "Perigo-type"  fac tors may be produced in the rmally 
processed meat ( P i vnick and Chang , 19 7 3 ) , but the evidenc e  i s  i ncon
clus ive ( National Academy o f  Science s ,  19 81 ; Sofos e t  a l . , 19 7 9 ) . 
Thi s  po s s i bi l i t y  need s t o  be inve s t igated for compounds-sugges ted as 
al t ernat ives  to ni t ri t e . 

Wi thout the a id o f  o ther ant imicrobial i nf luence s ,  properly 
applied severe the rma l  proce s s i ng (at leas t 1 20 )  can yield produc t s  
that are not l i ke l y  to  spoil  o r  become toxic . The large amount o f  
comme rc ially canned , low-acid vege table s--e . g . , mushrooms , beans , and 
peas--s afely consumed each yea r is t e s t imony to that . Fa i lure to  de
l iver the intended hea t trea tment because  o f  human er ror or me chanica l 
fai lure i s  the most import ant threat t o  the safety  o f  such produc ts , 
and occas ional produc t recal l s  have proved t o  be nece s s a ry and expen
s ive . Promot ion o f  the Im zard Analys i s  and Cri t ical Control Po int 
Program has grea tly improved the reliabi l i t y  of  thermal proces s i ng 
( Genigeorg is and Riemann , 1 9 7 9 ) . 

In the case o f  cure d-mea t produc t s  tha t  rece ive a bo tulinum c ook , 
ni t ri te impa rts colo r ,  ant ioxidant e f fect s ,  possibly flavo r ,  and , i f  
proce s s i ng  i s  acc identally i nadequate , s ome ant imi crobial protec t ion . 
However , mos t  shel f-stable and pas teuri zed cured-meat produc t s  would 
be aes the t ically unacceptable if subjec ted to  a bo tulinum cook 
( Le chowich et a l . , 197 8 ) . Sodium chloride and sodium ni t ri t e  are 
largely re spons i ble for the saf e t y  o f  such produc ts  and their  free
dom f rom spoi lag e ( Pivni ck � a l . , 19 6 9 ) . 

MANIPULATION OF THE PRODUC T ' S CHEMICAL OR PHYS ICAL C HARACTERI ST ICS 

The rate or extent of micro bial pro l i f erat i on in a cured produc t 
can be con t rolled no t only by i t s  component s ,  whi ch provide the 
s ubstra tes for growth , and by any added or natural ly occurri ng anti
mi c ro bial agent s bu t also by the chemical and phys ical charac t eri s t i c s  
of  the produc t , i . e . , i t s  pH , water activi ty , and redox potent ial . 
The se charac teris tics  va ry among produc t s ,  and the microbial specie s 
and s tra ins o f  concern i n  cured produc ts  vary in the extent t o  whi ch 
they may be i nf luenced by the se charac t e ri s t i c s  ( Chapter 3; Int erna
t ional Commi s s i on on Microbiological S pec i f icat ions for F oods , 1980 , 
PP • 7 0-12 5 ,  1 36-15 9 ) . 

In the ma jori ty of  produc t s  t o  which nitri te i s  added , no factor 
would be suffic iently inhi bitory t o  eliminate prolif eration of a l l  or 
even mo s t  undesired  microorgani sms , unle ss  that factor  were dras t i
cally altered from the value s as sociated wi th current produc tion 
processes  ( Chap ter 3 ) . However , acting i n concert , the vari ous 
inhibi tory i nf luenc e s  ( i . e . , low temperature , hea t  injury ,  such pre
servat ive s  a s  s od ium chloride and s odium ni tri te , pH , and water 
ac t ivi t y )  combine to  eliminate  o r  grea t ly reduce  microbial prolifer
a t i on .  A number o f  interac t i ons are known to  occur be tween such 
fac t or s ;  they may be add it ive or truly s yne rg i s t i c  or in some cases  
antagoni s t i c , but  they have not  yet been suf f ic ient ly charac teri zed . 
The nature of  int erac t ions i s  important in determining the potential 
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usefulne s s  of  mani pulating produc t charac teri s t ic s  a s  an alt ernat ive 
to add ing ni tri t e  to control mi cro bial pro liferat ion.  The re fore , 
known interac tions a re ment ioned i n  the following di scus s io n ,  and 
some recommendat i ons for future work in this connec t i on have been 
inc luded a t  the end o f  Chapter  3 . 

Ac i d i ty 

Each mi croorgani sm has a characteri s t ic opt imal pH f or growth 
above and below whi ch growth decreases  unti l  value s tha t limi t grow th 
are re ached . Only a f ew f ood s a re alkaline , and use of pH high 
enough to cont rol mi croorgani sms i s  not relevant t o  a d i scussion o f  
mea t  produc t s . However , the a c i d i t y  o f  f oods has f or c enturi e s  been 
inc reased ( and the pH lowere d )  nat urally by f ermentation or deliber
ately by the addi t ion of acids . In s ome produc t s ,  i nc luding a f ew 
cured meat s ,  acid i t y  may be the prima ry factor i n  preservation,  but 
usually a subop t imal pH i s  compl ementary to  other inhi bi tory factors 
( Int ernati onal Commi ssion on Mi c ro biological Spe c i f icat ions for 
Foods , 1980 , PP •  9 2-1 1 1 , 1 3 6-15 9 ,  3 3 3-4 09 ) . Throughout the following 
di scus s i o n ,  i t  should be borne i n  mind tha t the growth o f  some o rga
nisms , such a s  molds , may result i n  microenvironment & of altered 
( highe r )  pH in some produc t s  ( e . g . , acid tomato produc t s ) . The s e  
microenvi ronment & may b e  more f avorable t o  pro l i f erat i on o f  pathogens 
than the general produc t pH . Thi s pos s i bi l i t y  exi s t s for cured mea t s .  

The pa thogen o f  ke y c onc ern i n  most cured produc t s  and many o ther 
pre s erved ( e . g . , canne d )  foods is c .  botulinum . Food s are widely 
c las s i f ied a s  low-acid or high-a c id, with a pH of 4 . 6 as the divi d i ng  
line . Below thi s l ine , out growth o f  c .  botulinum spore s  and cel l 
mult iplicat ion will no t o ccur i n  mos t-media ( Od laug and Pf lug , 1 9 7 0 ) . 
Raa t j es and Smel t ( 19 7 9 )  recent ly re ported growth i n  a pa rt i cula t e  
opt imal compl ex medium whose pH w a s  4 . 2 ,  b u t  that i s  pro bably o f  
li t t le signi f i cance wi th re spec t t o  the saf e t y  or spoilage o f  cure d  
produc t s , i na smuch as  all  c ontain o ther i nhibi tory factors that ac t 
in concert to  rai se  the minimal pH needed for  inhi bi t ion o f  spore out
growth and o f  cell  mul t iplication.  Decreasing pH below 7 . 0  i ncreases 
the inhibi t o ry effec t s  o f  salt on vegetat ive cel l s  of c . botul inum 
( Baird-Pa rker and Freame , 1 9 6 7 ) a nd the e f fec ts  o f  nitri te on a 
va riety  o f  mi croorganisms ( Castellani and Nive n ,  195 5 ;  Tar r ,  194 la , b ,  
194 2 ,  1 944 ) .  

The pH o f  mos t  cure d meat s  i s  5 . 5-6 . 6 .  On rare occasions , i t  i s  
as high as  about 7 . 0-7 . 2  ( Interna t ional Commis s ion o n  Mi cro biological 
Spec if ications for  Foods , 1 9 80 , pp . 3 3 3-4 09 ) . The role o f  pH i n  the 
inhi bit ion of  mi crobial prolifera t ion and the way i n  whi ch the lower
ing of pH i s  achieved vary among cured produc t s .  Some produc t s , s uch 
as trad i t i onally produced fermented sausage s ( e . g . , salami and summer 
sausage ) , a re o f ten made at ambient temperature s .  Lact i c-ac id
produc i ng  organi sms that are naturally present a s  contaminant s i n  the 
sausage mix are re l ied on to ferment carbohydra t e s  in the formulat ion 
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to  lactic acid . In other product s ,  such as  bacons made wi th added 
carbohydrate ( e . g . , 0 . 5% ) ,  acid product ion by these bacterial con
taminants  occurs rapidly only when the product i s  removed from 
re fri geration and subjected to t emperature abuse . Some organisms may 
be capable of slow growth below 10°C and ultimately reduce produc t 
pH under refri geration . 

In both these cases , the extent of acid production and the 
eventual  pH depend on the occurrence of contamination of the produc t 
wi th lact ic-acid-producing organi sms and the amount of fermentable 
carbohydrate occurring naturally in or introduced into the product . 
In the case of  the peri shable products ,  in which naturally occurring 
contamination elicits  a decrease in  pH during temperature abuse ( or 
slowly under re frigeration) , the protection provided against patho
gen growth is fortuitou s .  But attempt s  (described below) to use 
biologic acidulation as  an alternative to  conventional nitrite  addi
tion appear promising .  Rapid establishment of fermentation ( acidu
lat ion) in fermented sausage f ormulations has long been recognized as 
promoting product safety . Great er control over the biologic acidula
t ion in fermented sausage is obtained by the use of inocula derived 
from previous succes sful fermentations or by the use of "starter 
culture s "  that consist  of  laboratory cultures of  the organisms 
des ired in the fermentation ( U . S . Department of Agriculture , 19 7 7 ) .  

In l ieu of  reliance on biologic acidulation by naturally 
occurring or added lacti c-acid-producing organisms , chemical acidu
lat ion is  sometimes used in fermented sausages . As far as  the Com
mittee could determine , there are no product s  o ther than fermented 
sausages and some spec ial products  ( such as souse)  in which chemical 
acidulation is  currently used commercially on a large scal e .  

Reliance o n  Na turally Occurring Ac idulation . The major category 
of produc t  in which the lowering of pH provides protection agains t 
pathogens and spoilage is  the group of dried and semidried fermented 
sausages ,  such as salami and summer sausage ( Hauschild , 1980 ) . The 
vari ous proces ses used in their produc t ion have been described by the 
USDA Task Force on the Staphylococc i Ent erotoxin Problem ( U . S .  
Department of Agri cul ture , 1 9 7 7 ) . The Task Force  also categori zed 
the ri sk associated wi th those processe s .  In fermented sausage s ,  the 
major pathogenic hazard is related to Staphylococcus aureus , the 
decrease in  pH and microbial competit ion generally being sufficient 
to  eliminate outgrowth and multipl ication of c .  botulinum .  The 
hazard of s taphylococci ent erotoxin production arises during unde
s irable s taphylococcal growth in the outer ( aerobic ) layers of the 
product . Condit ions favorable to thi s growth include a high degree 
of contaminat ion and production t emperatures  that favor the growth of 
s .  aureus ( e . g . , above 26 .4°C ) , rather than the growth of the 
naturally occurring lacti c-acid-producing bacteria , which grow wel l 
a t  temperature s of 21-24 oc .  Most  cri t ical , however , appears to be 
failure to establish rapidly an act ive lactic-acid-producing fermen
tation or to  attain a pH of 5 . 3  or less within 4 8  h of the initiation 
of fermentation.  
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The Task F o rc e  clas s i f i e d  processes  for  produci ng f e rmente d  
sausage a s  havi ng high , i nt ermediate , or  low risk,  wi th respect t o  
s taphylococcal ent erotoxin ha zard . Of f ive genera l  type s o f  produc
t i on processes for f ermented sausages , three rely on na turally 
occur ring contamina t io n .  The trad i tional long proc e s s  was clas s i
fied a s  having low ri sk , because i t  used t emperatures o f  21°C or 
lower , whi ch a re unf avorable t o  s taphylococci growth;  the o ther two 
processes  used higher i ncuba t ion temperature s ( 26°C or higher )  t o  
short en produc t ion t imes and were c las s i f i ed a s  having high r i sk .  
The Task Force recommended the use o f  chemical acidulation o r  s t a rt er 
culture s in such produc t s  a s  a means of  reducing pH more rapidly and 
reduci ng the staphylococ c i  heal th hazard . These  same recommendation s  
would be appropriate  f o r  contro l o f  c .  bo tulinum in s imi lar produc t s .  

I n  a recent USDA four-plant s tudy , the potent ial value o f  pH 
re duc t ion by naturally occurri ng contaminat ion as a pro tect ion 
against c .  botulinum was demons trated . In thi s study , one s e t  o f  
bacon s ample s ,  i noculated with c .  bo tul inum spore s ,  contained 0 . 5 7% 
added sucro s e ;  o ther s e t s  contained lowe r concentrat ions o f  added 
sugars or  none a t  all . Sample s  were subjected to  s imulated t empera
t ure abuse by incubat ion at 2 7°c .  Only 0 . 5% o f  the s amples con
taining 0 . 5 7% sucrose  became toxic during the 5 6-d incubation,  
whereas 3D-9 5% o f  the  samples containing less sugar became toxic . 
Wi thin the f ir s t  28  d of  the incubat ion , the pH o f  the sucrose
containing bacon wa s reduced t o  5 . 0  or  lower . The pH o f  the bacon 
containing the lower concen trat ions of sugar remained high ( 5 .4 or 
above ) throughout the ent ire 5 6  d ( U . S .  Department of  Agri cul ture , 
197 9 ) . 

The foregoing d iscus sion i l lus tra tes  that naturally occurri ng 
contamination by lac t i c-aci d-produc i ng bact eria can cont ribut e t o  
loweri ng  the pH o f  produc t s  tha t contain adequat e  f ermentable 
carbohydrate , there by increasing the i r  resistanc e  to  pa thogeni c 
( s taphy lococcal and botulina l )  hazard . The pre senc e  of  a minimal 
concentrat ion of  f e rmentable carbo hydrate i s  important for thi s 
acidula t i on .  The reduct ion i n  pH needed to ensure freedom from 
mi c robial hazard depend s  on the o ther inhibitory fac tors i n  the 
produc t . Too l i t t le is known about the interact ions of these  
inhibi tory factors t o  predi c t  the  concentrat ion o f  fermentable 
carbohydrate that would be i deal in thi s regard . However ,  0 . 5-0 . 7 5% 
appears t o  be sati sfac tory i n  many case s .  The degree o f  natural 
contamina t ion a l so inf luences  the speed and extent of  pH reduct ion.  
Increased hygiene during produc t ion de creases contaminat ion and thus 
reduces the l ikel i hood of this  fort u i t ous pro tect ive mechani sm in 
produc t s  l ike baco n .  

Contro l led Biologic Ac idula t ion . The acidula tion that occurs 
when lac t i c-aci d-produci ng bact eria f e rment carbohy drat e s  in a 
produc t i s  much more re l iably managed when the re spons ible organi sms 
and the subs t rate are bo th con trolled . In the las t  few decade s ,  
producers of  fermented sausage s have adopted the use of  a vari ety of 
" s t a rt er culture s "  to fac i l i tate  control and reliabi lity  o f  produc t ion 
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( Int ernational Commi s s ion on Mi crobiological Spec i f icat ions f or 
Food s , 1 9 80 , PP • 1 36-1 5 9 , 3 3 3-4 09;  u . s. De partment o f  Agriculture , 
19 7 7 ) . Bacus and Brown ( 19 8 1 )  and Core t t i  ( 19 7 7 )  have recently 
revi ewed the use o f  such culture s .  The culture s can e liminate or 
grea tly reduce the potential hazard f rom f ermented sausage associated 
with c .  botul inum spore s and s. aureus ( Chri s t iansen e t  a l . ,  1 9 7 5 ;  
u .s .  De partment o f  Agriculture, 19 7 7 ) . 

-- --

A number o f  processes have been designed t o  use controlled b io
log ical acidulation  i n  peri shable product s  f o r  protect ion agains t the 
proli fera t ion of pa thogens duri ng t emperature a buse . Ri emann !! a l . 
( 19 7 2 )  described a me thod tha t used Pediococcus c erevi s iae cell s i n
act ivated by irradiation .  I f  a dded t o  the produc t with g lucose , 
enzyme s from thes e cell s produced acid  i n  the produc t during tempera
t ure a buse , but not under refri gerat ion.  The resul t i ng d ecrease in  
pH  controlled pa thogen growth.  

Chri s t iansen et  a l . ( 1 9 7 5 )  e xamined the effect  o f  sodium nitri te , 
s tarter cul ture , and-glucose add i t ion on c .  botulinum growth and 
t oxin product ion in a summer s ausage . Samples formulated without 
glucose had a pH of 5 . 7-5 . 8  a week a f t er s t orage at 2 7°C ;  thos e 
f ormulated wi th gluco se had a pH o f  4 .4 -5 . 1 .  Only 10 o f  50  samples  
formulated wi thou t nitrite  but  wi th glucos e  became toxic in the  total  
1 12-d s torage peri od a t  2 7 °C .  Ad d i t i on of  s odium nitri t e  a t  50 
mg/ kg or higher prevente d  toxi n produc t ion ( none of  125 sample s  were 
t oxi c )  throughout the 112 d of s torage . Of  s amples formulated 
wi thout glucose wi th or wi thout ni trite , mos t  ( 1 1 5  of 1 7 5 )  became 
t oxic . Inc reasing the conc entra t i on o f  nitri t e  in  g lucose-free 
produc t s  t o  150 mg/ kg reduced the proportion o f  samples  that became 
t oxic , but did not totally prevent toxin d evel opment . Table 5-l 
shows the se resul t s .  The impo rtanc e  of f ermentable carbo hydrate i n  
such product s  and the bene f i t s  t o  be gained from using s t art er 
cultures can be see n .  Sodium ni trite , even at  relat ively low 
concentrations , can d ecrease the l ikel ihood of  t oxicity , e spec ially 
i f  s tarter culture s are no t used . 

Tanaka !! al . ( 1980)  descri bed the pro tect ion against  format i on 
o f  botulinum toxin i n  bacon afforded by the add i t ion of lactobac i l l i , 
sucro se , and nitri t e  in  vari ous combinations;  the ir resul t s  are shown 
i n  Table 5-2 . Virtually no protect ion was af forded by sucrose alone , 
lactobac i l l i  alone , or sodium n i tr i t e  a lone at 4 0  mg/ kg . Excellent 
pro t ec t ion--be t t e r  than tha t wi th sodium n i t r i t e  at 120 mg wi th no 
added sucro s e  or lactobac i l l i--was o ff ere d by the combinat ion of  
sucrose and lac tobac i l l i  wi th or wi thout ni tri t e  a t  4 0  or 120 mg/ kg .  
Thi s  me thod ha s the added advantage , over the use o f  ki l led cell s ,  of 
i ncreased e f f ect ivene s s  und er temperat ure-abuse cond i t ions because of 
the mul t i pl icat i on of lac t i c-ac id-produc ing microorgani sms that 
occurs at such temperature s .  

A s imilar process  was d eve loped for  bacon t o  l ower produc t pH a s  
a means o f  de plet i ng ni t ri t e  more rapidly than occurs in convent iona l  
produc t s ;  the inc reased deplet ion l ead s t o  a reduc tion i n  nitrosamine 
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TABLE 5- l 

Bo t u l i num Tox i n  Deve loperl i n  Sausage He ld at  2 7 °C a 

Ni t ri t e  
Concent ra t i on , Start e r  No . ':oxic /No . Te s t ed At : ( Days ) 
mg/kg o f  mea t  Cul ture Glucose 7 14 2 1 2 8  49  56  1 1 2  

0 X X 0 / 3  0 / 3  0/ 3 0/ 5 1 / 5  1 / 6  
50  X X 0 / 3  0 / 3  0/ 5 0/ 5 0 / 9  

1 50 X X 0 / 3  0/ 3 0 / 5 0/ 5 0/ 7 
0 X 1 / 3  0 / 3  2 / 3  3 / 5  0/ 5 'l. / 6 

50  X 0 / 3  0/ 3 0 / 5  0/ 5 0 / 9  
100 X 0/ 3  0 / 3  0/ 5 0/ 5 0 / 9  
1 5 0  X 0 / 3  0 / 3 0/ 5 0/ 5 0 / 8  

0 X 0/ 3 2 2 / 2 2b 

50 X 0/ 3 2 2 / 2 2b 

2 / l Ob 100 X 0/ 3 0 / 3  0 / 4  2 / 5  
1 50 X 0/ 3 0 / 3 1 / 3  5 / 5  6 / l lb 

0 0/ 3  1 / 3  1 9 / 1 9b 

50 0 / 3  3 / 3  18/19b 
1 5 0  0/ 3 0 / 3  'l. / 2 3 / 5 9 / 1 2b 

aFrom Chri s t iansen e t  al . , 19 7 5 . Re printed from Journa l of Food Sc i ence , wi th perm i s s i o n .  
1 9 7 5 . 40 : 488-490 . --Copyr i gh t  © by the Ins t i tute o f  Food Techno log i s t s .  

hAn swo l len . 

To tal  --

2 / 2 5  
0/ 2 5  
0 / 2 3  
8/ 2 5 VI I 
0 / 2 5  .... 

0/ 2 5  
.... 

0/ 24 
2 2 / 2 5  
2 2 / 2 5  

4 / 2 5  
1 5 / 2 5  
20/ 2 5  
2 1 / 2 5  
14 / 2 5  
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TABLE 5-2 

Effect s of Lac t obac i ll i , Suc rose , and Ni t ri t e  Ad� i t ion to Bacona Inoculated w i t h  
Spore s  o f  � botu l i numb and I ncubated at  2 7 oc c 

Sod i um Lac tobac i l l i , 
Ni tri te , 

Sucrose d 
Approxima t e ly :'oxic Sample s /  %Toxic 

mg / kg  4 x 10� Ce l l s / g e Samples  Te s t ed Samples  Time t o  Toxin 

0 + 2 6 / 2 7  9 6  Mos t  < 1  wk 

0 + 50/ 5 2  9 6  Mos t  < 1  wk 

0 + + 1 / 4 9  2 . 0  In 4 th wk 

40  4 7 / 50 94 Some < 1  wk 

4 0  + + 0/30  0 

120 1 7 / 2 8 61 Some < 1  wk 
Mos t  < 2  wk 

120 + 3 4 / 68 50 Some < 1 wk 
Mo s t  < 2 wk 

120 + 4 / 149  2 . 7 NAf 

120  + + 1 / 19 2  0 . 5 NAf 

aoa ta from 7anaka e t  a l .  ( 19 8 0 )  on commerc i a l ly prepa red hacon and that prepared 
spec i f i ca l ly for the -experiment , with  permi s s ion . Data we re aggregated . 

bApproxima t e ly 1 , 000 spore s /g ram . 
CTotal  incuba t i on t ime , 8 wk . 
d suc rose  concentrat i ons were 0 . 5% o r  h ighe r . 
eLac t o bac i l lus plantarum . 
fNA • not avai lable . 

VI I � N 
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forma t ion when the produc t i s  cooked ( Bacu s ,  19 7 9 ) . A mi crobia l 
cul t ure i s  added t o  the bacon curi ng pickle;  duri ng smoking and 
s t orage , the pH o f  the produc t fal l s ,  and tha t lead s t o  the des ire d  
reduc t ion in the nitri t e  concentrat ion o f  the f inal produc t and a 
lower concentrat ion o f  ni trosamine & after  cooking , as shown i n  Table 
5- 3 .  Thi s process  ha s been approved for reduc ing nitro samine concen
tra t i ons in bacon ( U . S .  De pa rtment o f  Agriculture , 19 7 9 ) . 

TABLE 5-3 

Ty pical Analyses8 of Bacon a f ter 21 Days at  4 . 4 °C 

Re s idua l  Ni troso-
Ni tri t e ,  S tandard pyr ro l i d ine , 

Formulation ms/ kg Pla t e  Count 2H 1.!&/ ks 

Wi thout s tarter 20-4 0 104 -105 6 . 0-6 .4  10-30 
cul ture 

Wi t h  s ta rt er 4 -16 106-107 5 . 2-5 . 6  2-9 

aTy pical range of value s observed;  data f rom Bacus and Brown , 
19 81 . Re printed f rom Food Technology . 19 8 1 . Copyright c by the 
In s t i tute of  Food Technologist s .  

The pos s ibi l i ty that biologic a cidulat ion could b e  o f  use i n  pro
viding protect ion agains t pa thogens and spoi lage of pi ckle-cured 
primal meat produc t s  is i l lustrated by the revi ew of Co re t t i  ( 19 7 7 )  
on the use o f  s t a rt er cultures i n  whole  meat s i n  Europe and the work 
of  Ba rtholomew and Blumer ( 19 7 7 ) .  The l a t t er i nve s t igat ed the use of 
s t arter cul tures t o  a chieve more rapidly the sensory charac t eri s t i c s  
of  dry-cured hams . However ,  a small  number of  hams containing 
s tarter culture were inadvertentl y  subj ected to  t emperature abus e 
duri ng the inve s t igat ion . They d i d  not become spoiled , a s  would hams 
produced by the convent iona l proces s  and s imilarly mi s treated . A 
number of  o ther re port s that indicated the pot ent ial usefulne s s  of  
biologic acidulat ion agains t spo ilage and pa thogens have been re
vi ewed by Bacus and Brown ( 1 9 81 ) . 

Chemi cal Ac idulat ion . In cert ain f erment ed sausages , chemical 
ac idulat ion is used t o  a chi eve an envi ronment favorable t o  the growth 
of the des ired f lora ( Interna t i onal Commi s sion on Microb iological 
Spec i f icat ions for Food s , 198 0 , pp . 136-15 9 ,  391;  u . s. De pa rtment of 
Agri cul ture , 19 7 7 ) . In the Uni ted S tate s ,  g lucono-o -lactone is the 
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primary compound approved for  thi s purpos e .  In some European 
countri e s , l ac t i c  acid i s  used as  wel l . 

Glucono-o -lac tone s lowly hydrolyzes to  g luconi c aci d  when adde d 
t o  mea t emuls ions ; a t  the perm i t t ed concentra t i ons ( 5 , 000 mg/ kg ) ,  i t  
rapidly reduces pH by about 0 . 3-0 . 6  and e s tabl i she s a pH o f  5 . 2-5 . 4  
( In t ernati onal Commi ssion o n  Mi crobiological Spec ificat ions f or 
Food s ,  1980 , P • 14 3 ;  A .  Pe trica , Durke e Food s , Cl eveland , Ohi o ,  
per sona l communication ,  19 81 ;  Rugala , 19 7 8 ) . Chemi cal ac idulat ion 
may be used in f ermented sausage e i the r alone or in conjunc t ion wi th 
microbial f ermenta tion . If care ful a t t ent ion is paid t o  formulat ion 
and d i s t ribution , chemical acidulation can e f fect ively control the 
growth o f  s .  aure us and c .  botul inum ( u . s .  De partment of  Agriculture , 
19 7 7 ) . Addi t ion o f  lactic acid result s i n  a greater reduc t ion in pH , 
whi ch may be d e s ired in some cases .  

In a very smal l number  o f  produc t s  ( e . g . , pi ckled , cured 
produc t s ) , ace t i c  acid is used to lower pH suf f ic ient ly to  i nhi bi t 
the prol i f eration o f  pa thogens and spoi lage mi croorgani sm s .  Informa
t ion was pre sented to the Commi t t ee ( Strumski s ,  19 81 ) on the use of a 
combinat ion of ace t i c  ac id and glycerol t o  l ower the pH and wat e r  
a c t ivi ty o f  bacon t o  the extent that c .  botul inum growth i s  i nhi bi ted . 
The added ace t i c  ac id vo la t i li z e s  during cooki ng . 

Di scuss ion . Manipulat ion o f  pH i s  a proven means o f  reduc ing 
spoi lage and pa thogenic hazard s .  I t  i s  current ly used i n  a number of 
cured-meat produc t s ,  i n  combinat i on wi th ni tri t e  add i t ion. The rela
t ive cont ribut ions o f  pH and n i t r i t e  to  con trol vary wi th the produc t 
and the pathogen o f  conc ern . 

The use o f  ac idulat ion o f  cured produc t s  as an alterna tive means 
of cont roll i ng unde s ired mi crobial proliferat ion could be extended by 
e i ther of two means : addi t i onal chemical or biologic ac idulation 
could be integrated int o the produc t ion process  so tha t the fina l  
produc t pH would be lower than that produced by convent iona l prac
t ice s ;  or lac t i c-acid-produc ing organi sms or sys t ems ( e . g . , killed 
cells or enzymes ) a nd carbohydrates  could be incorpora ted into 
peri shable produc t s  to cause acid t o  be produced under temperature 
a buse . The Commi t tee bel i eve s that both these po s s i bi l i t ies  have 
pot ential utility  as alt ernat ive s to the current use of ni tri t e . 
However , a number of  cons idera t i ons l imi t the ir immediate usefulne s s . 

To replace added ni tri t e  wholly or pa rtly , produc t s  could theo
re t ical ly be manufac ture d with an ini t ial pH lower than that now 
characteri s t i c . Some problems mus t , howeve r ,  be no ted . F irst , 
a l though decre a s i ng pH i n  most  produc ts  would pro bably i ncrease the 
inhibit ion of pa thogens sho rtly after  proce s s i ng ,  no t enough is known 
a bout the interactions of  the vari ous ant imicrobial inf l uences ( pll , 
ni t rite , sal t , aw , et c . ) to  permi t predict ion i n  all  produc t s  of  
the ext ent to whi ch thi s would allow ni tr i t e  to be  reduced . Second , 
dec reasing pH would increase the rate of d i s s i pation of ni trite i n  
produc t s . In consequence , re sidual ni tr i te duri ng s t orage would fall 
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more f requently than a t  pre sent below the minimum neces sary to 
inhi b i t  rema ining viable spore s (Chr i s t iansen e t  a l . , 19 7 8 ) . Thus , 
pro t e c t ion agains t delayed temperature abuse migh�decrease wi th d e
creased produc t pH . Third , the extent t o  whi ch the pH o f  a produc t 
can be reduced wi thout lo s s  of  i t s  charact eri s t i c  sensory ident i ty i s 
no t known . F i nally , i t  should be no t ed that nitrosation reac t i ons 
occ ur more rapidly a t  lower pH . 

Wa ter Ac t ivi ty 

The wat er activi ty of a produc t can be thought of as  a measure of 
the water avai lable f or biolog i c  reac t ions , including microbial 
growth . Wa t er act ivi ty (&w) is defined a s  the ratio of the vapor 
pre s sure of  water i n  the produc t ( p )  t o  that of pure water ( p0 ) ,  
i . e . , aw • p/ p0 • Groups o f  organi sms have range s wi thin whi ch 
growth o f  mos t  member s of  the group wil l  occur ( Ta ble 5-4 ) ,  and each 
species  and s trai n  ha s i t s  own charac teri s t i c  rang e . The l imi t s  of 
thi s range may be reduced if o ther envi ronmental cond i t ions , such a s  
pH and temperature , a r e  no t optima l .  The Int erna t i onal Commi s s ion on 
Mi cro biological S pec i f ications for Food s  ( 19 80 ,  PP • 70-91 )  has 
reviewed the i nf luenc e  of  water act ivi ty on pa thogens and spo i lage 
organi sms of  conc ern in f oods , i nc ludi ng  cured meat s .  

Approxima t e  Lower Limi t s  o f  Wat e r  Act ivi t y  
f or Mi crobial Growths 

Microbial Group 

Bac t eria 
Yea s t s  
Mold s 

Wa ter Ac t ivi ty 

0 . 8 6-1 . 0  
0 . 7 3-0 . 88 
0 . 61-0 . 7 8  

8Mo d i f i ed from Troller , 1980 . 

A variety of fac t ors affect  wat er ac t ivity , i nclud i ng the moi s 
t ure cont ent of t h e  produc t and t h e  nature o f  solutes  i n  t h e  aqueous 
phas e .  The wat e r  ac t ivity of a produc t is mos t  commonly manipulated 
th rough dry i ng  (as wi th dry or semidry s ausage s )  or  through the 
addi t ion of  s uch solutes as s odium chloride and suga r .  A combinat ion 
o f  the se methods may c ontri bute to the f inal pro duc t wa ter act ivi ty .  
The water  ac t ivity of  mos t  cured meat s i s  hi gher than 0 . 9 5 .  Howeve r , 
i n  some produc t s  i t  may be lower , e . g . , when the brine concentrat ion 
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exc eeds 1 0% , whi ch corre spond s t o  a wat er ac t ivi ty o f  0 . 9 2  ( Int erna
t ional Commi s s ion on Mi cro biological Spec i f icat ions for Food s , 1980 , 

PP • 3 3 3-4 09 ) ;  such product s  inc lude mos t  d ry or semi dry sausages and 
some dry-cured cut s . 

The s tra ins of  c .  bo tul inum that pro duce va ri ous types of  toxin 
d i f f er in the ir res i s tance t o  lowered wat er ac t ivi t y .  I n  med ia whos e  
water ac t ivi ty was ad j us t ed wi th sodium chloride , the lower l imi t s  of 
growth from spore inocula were 0 . 9 5aw f or type A ,  0 . 94 aw for type 
B ,  and 0 . 9 7aw for type E .  Toxin produc tion occurs a t  wat er ac t ivi
t ies . ap proaching tho se whi ch inhi bi t growth ( Ohye and Chri stian ,  
196 7 ) . Some agent s commonly used to  reduc e  water ac t ivi ty , such a s 
sodium chloride , may also have addi t ional pre servative ac tion .  Ba i rd
Parker and F reame ( 196 7 )  reported that growth of  all  three types not ed 
above was inhi b i t ed at higher wa t er act ivi ties  when sod ium chlord e 
was used , ra ther than glyc ero l .  Aco t t  e t  a l .  ( 19 7 6 )  d i scus s ed o ther 
humec tant s wi th po ssible antimicro bial activi ty .  

Staphylococcu s aureu s i s  the pa thogen of greate s t  conc ern i n  
c ure d produc t s  wi th low water ac t ivi ty ,  because i t  has been report ed 
to  have a lower limi t i n  the range o f  0 . 8 3-0 . 86 und er aerobic cond i
t ions , depending on the med ium .  Thi s  is cons iderably lower than the 
wat er ac t ivi ty of mos t  cured food s .  Limi t s  on ent ero toxin produc t ion 
have been d i scus sed by the Int erna t iona l Commi ssion on Mi cro biologi
cal Speci f icat ions for Food s ( 1980 , p . 84 ) .  As di scus sed previous ly , 
the s t aphy lococcal entero toxin hazard in  f erment ed sausages i s  amen
able to control through the use of mi crobial compet i tion or acidula
t ion . 

The use of water act ivi ty in  conj unc t i on wi th pH has been 
sugge s t ed as a basi s  for ca t egori z i ng meat  produc t s  ( Le i s tner and 
�od e l , 19 7 5 ) . In some produc t s ,  such as dry fermented sausages or 
dry-cured hams , the water act ivi ty may be suf f ic iently low that i t  
alone e l iminates the pot ent ial hazard f rom f• bo tulinum t oxigene s i s , 
or i t  may play a predominant role in thi s re spec t i n  concert wi th 
o ther inhi bi tory factor s .  

S imilar cons iderations apply t o  the potent ial ut i l i ty o f  reduc ing 
the wat er ac t ivi t y  o f  product s  a s  a means of reducing the need for  
added ni tri te as  a re pert inent to  pH mod i f ication .  Wat er-ac t ivi ty 
reduc tion in many produc t s  would pro bably allow a reduct ion in  adde d 
ni tri te wi thout les sening ant imi cro bial pro t ec t ion .  Howeve r ,  t oo 
l i t t le i s  known about the int erac t ions o f  wat er act ivi ty wi th o ther 
i nhi bi t ory influenc es to permi t predict ions of the extent to which 
ni t ri te could be de creased . A loweri ng of water ac t ivi ty may also 
produce sensory chang e s  in produc t s ,  mod i fying their trad i t i onal 
text ure and o ther a t t ri bute s .  Ano ther problem that may re s t rict the 
usefulne s s  o f  wat er-a c t ivi ty mani pulat i on i s  the d i f f iculty of 
a chi evi ng and maintaining uni f orm aw i n  a f ood produc t .  The non
uni f ormi ty o f  meat or mea t  produc ts  and the condensat ion that may 
occur on chi lling contri bute to the pro blem ( I nternati onal Commi s s i on 
on Mic robi ological Spec i f i cat ions for Food s , 1980 , PP •  70-91 ) .  
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Redox Pot ent ial  

The contro l exert ed over mi crobial pro l ifera t i on by the  redox 
pot ent ial o f  the med ium ha s recent ly been reviewed by the Int erna
t iona l Commi s s ion on Micro biolog i cal S peci f icati ons for Food s ( 19 80 ,  

PP • 1 1 2-1 2 5 ) ;  however , very l i t t l e  i s  known about thi s i nf luence on 
microbial pro l i f erat ion in micro biologic med ia and e speci ally in 
food s .  

MAINTENANCE OF CONTROLLED ENVIROl�NTS 

The mul t ipl i cat ion of microorgani sms may be e l imina t ed by 
s tri c t ly maintaini ng an unfavorable environment . Low ( or high ) 
t empera ture and part icular gaseous a tmosphere s can be used to thi s 
end . Maintenanc e  of low t emperature e i ther by re f rigerat ion or by 
fre e z i ng  i s  the mos t pra c t i cable method in thi s category and i s  in 
wide use . The ut i l i t y  of  controlling gaseous exposure through pack
aging i s  also d i scussed bri efly below. 

Low Temperature 

The e f fec t s  of  low t emperature on the pro l i ferat ion of the vari
ous microorganisms o f  conc ern in food s ,  i nc luding cured meat s ,  has 
re cent ly been revi ewed by the In terna t i onal Commi s s ion on Mi crobio
logical Spec if icat ions for Food s ( 198 0 ,  PP • 1 - 37 ) . The minimal 
t emperature at  which growth occurs de pend s on the species  of micro
organi sm and often on  the s trains wi thin a specie s .  A wide variet y 
of micro organi sms are of  potent ial concern as pathogens or spo ilage 
organisms i n  cured meat s ,  and ni tri t e  contribute s  t o  the inhibit ion 
of some of  them . It s  contribut ion in the contro l of some of the se 
va rie s  wi th s t orage t emperature . Rigorous and cont inuous applicat ion 
of the appropri a t e  s torage t emperature can effect ively cont ro l micro
bial growth or spore out growth.  

Many raw or pa s teuri zed cure d produc t s  require refrigeration 
duri ng d i s t ri bution and s t orag e . S t orage at re f rigerat i on t empera
ture s has played an import ant ro le in the extension of shelf-l i f e  of 
some cured mea t s  and in the i r  excel lent publi c-heal th rec o rd . The 
pro teolytic s tra ins of c .  botulinum that produce type A or  B t oxin 
are the primary heal th concern i n  c ured meat s .  They do not mult i ply 
and produce t oxin a t  t emperature s below 10°C ( Ohye and Scott , 
19 5 3 ) . However ,  because produc t s  are o f t en distributed through com
plex networks in the Unit ed State s ,  one cannot be c ertain tha t a 
g iven produc t wil l  not be t emperature-abused duri ng d i stri bution or  
re tailing or whil e  in the  consumer ' s  pos s e s s i on--e . g . ,  in  the home , 
in packed lunche s ,  or  at picnics . It  i s  evident that , i f  refriger
at ion were i ncreas i ngly used a s  a means o f  reduc ing the add i t ion of  
nitri t e , the whole sys t em would re quire strict  contro l s , which would 
be d i f f icult to moni tor adequately . 
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Nonproteolyt i c  s trains o f  c .  bo tulinum--e . g . , type E , whi ch 
occur s mos t ly in  f ish produc t s=-grow and produc e  toxin down to 
3 . 3°C ( Schmidt  et a l . , 19 6 2 ) . Thus , if refrigerat ion is marg inal ly 
inadequate , suc�strains pos e  a problem in  f ish  and could do so in 
meats  if contaminat ion occurs . Th i s ,  however , is offset  somewhat by 
the ir  greater sens i t ivity t o  sal t ( Genigeorg i s  and Riemann , 197 9 ) . 

If , in  the future , re l iance were placed on improved re frigerat ion 
or f reezing in combinat ion wi th lower ni tri t e  concentrations , such 
methods may l ead t o  longer s t orage than is now used . However , ascor
bat e , whi ch i s  added to  bacon and s ome o ther produc t s  t o  promot e 
color f ixat i on and reduce n i tro samine format ion , i ncrea ses the deple
t ion of ni t rite  during st orage . When the sod ium ni trite  concentra t ion 
i s  below about 30 mg/ kg , c .  botulinum spore s that have germinated ( a s  
i s  po s s ible during ref rig�rat ion)  could produce toxin ( Chri s t iansen 
et al . ,  19 7 8 ) . Thus , a c ontamina t ed pro duc t kept refrigerated or fro
zen:for a long period would pos e a health hazard i f  it were subj ected 
t o  t emperature a bus e .  Tha t  is t rue wi th curre nt ni tri t e  add i t ion, but 
would be exacerbated i f  ni tri t e  add i t ion were reduced and rel ianc e  
were placed solely o n  re fri gerat ion o r  fre ezing . 

Unl e s s  re frigerat ion t emperat ure s lowe r than those commonly used 
were adopted , re frigera t i on could not s erve as  a s ubs t i tute for 
ni t r i t e  in the control o f  some psy chro tro phic spo ilage o rganisms 
( Te r re l l ,  1 9 74 ) .  

Like re fri gera tion,  freez ing (when c losely moni tored)  might pro
vide a good alt ernat ive to hi gh concentra t i ons of ni trite  ( Sofos and 
Bu s t a ,  19 80) . However , the fre ezing o f  heated or comminuted cured 
mea t s  may result i n  the accelerated development of  rancid flavor , 
owing t o  l i pid oxidat ion ( Kraml ich e t  al . , 19 7 3 ) . Because one of  the 
role s  o f  ni trite  i s  t o  inhibi t l i p i�oxida t i o n ,  rancid cured mea t s  
might b e  more prevalent i f  low-ni tr i te produc t s  were frozen. How
eve r , Ma cDonald e t  a l .  ( 19 8 0 )  demons trated tha t lower concentrat ions 
o f  nitri t e  than Blose currently used did s ign i f i cant ly reduce l i pid 
oxidat ion i n  some cured meat s .  Today , some canned luncheon meat s and 
hams wi th high conc entra t i ons of ni tr i t e  are of t en s tored frozen for 
l imited p eriod s by the u.s. Army and consumer s .  Mi crobial growth 
d oes not occur below -10°C , but some enzymes rema in act ive . The se 
enzymes could limi t the she l f-l i f e . If the produc t is no t subjected 
t o  t empera ture abuse , there s hould be no pro blem related to a 
microbial heal th haz a rd . 

In add i t ion t o  the quali ficat ions no t ed above , in connection with 
the need t o  maintain low t emperature s cont inuously f or effec t ive re
s tri c t i on of microbial pro l i fera t i on in peri shable produc t s , one 
point need s emphasi s .  Produc ts  in one ma jor clas s--shel f-s table 
canned meat s ,  such a s  luncheon meat--are not re fri gerated . Part ial 
or complete omi s s ion of  ni trite  f rom these produc t s , in favor of re
frigera t ion to ensure saf e t y , would pro bably change the i r  sensory 
charac t eristics  and neces s i tate extens ive changes in d i s tribut ion and 
consumer handling . Chang e s  of this  nature would have unpred i ctable 
safety consequence s while consumers were ad opting the new precaut ion s .  
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In addi t i o n ,  re s idua l ni tri t e  in the s e  product s  at the l ike ly t ime of 
consumpt ion ( �6 0  d) is lower than in other cured mea t s  ( Na t i onal 
Academy o f  Science s , 1981 , Chapt e r  5 ) . 

Gaseous Envi ronment s 

Wi th ri gorous control of  the gaseous envi ronment o f  a produc t ,  i t  
i s  po s s i ble  t o  eliminate o r  great l y  reduce problems caused by some 
type s  o f  organi sms ( Internationa l Commi s s i on on Mi crobiological Speci
f icat ions for Food s ,  198 0 ,  PP • 17 0-19 2 ) . For example , vacuum pa ck
ag i ng  wi l l  gre a t ly reduce or delay spoi lage caused by s ome aerobic  
me sophiles such a s  members o f  the Ps eudomona s ,  Acine tobac t e r , and 
Mo raxe lla genera ( Interna t i onal Commi s s i on on Micro bio logi cal Spec i f i 
cat i ons for Food s , 198 0 , PP • 3 3 3-4 0 9 ) . Vacuum pa ckagi ng a i d s  in 
c ontro l  of  many sp o i lage organi sms whi le the packaging seal remains 
intac t , but it doe s no t subs tant ially i ncrease the growth of  anaero
bic spoi lage organi sms or pathogens . 

Maintenance o f  an environment  i n  a packaged mea t produc t tha t  i s  
s uf f ic i ent ly aero bic t o  i nhi bi t the growth o f  obligately anaero bic 
organi sms (mostly  spore-f ormer s )  is no t generally cons idered pract i 
cable i n  cured mea t s , f or a number o f  import ant reasons . Cooked 
cured mea t s  and e specially s l iced and comminuted produc t s  are sus
cept i ble  t o  lipid  oxidation,  and an aero bic envi ronment would pro
mo t e  rancidi ty  more rapidly in such produc t s  ( see Chapter 6 ) . The 
re ddi sh-pink co lor of cure d  mea t s  would also be shorter-lived . Wi th 
rega rd to  mi crobial pa thogen s ,  it has been demons trated tha t growth 
o f  Staphy lococcus aure us and produc tion o f  i t s  entero t oxin are 
favored by aerobi c envi ronment s  ( Crowther e t  a l . , 19 7 7 ) . Mos t  im
port ant ly , however ,  Ch ri s t iansen and Foster-( 19 6 5 )  demons trated that 
spores  of �· botul inum type A inoculated between slices  of bologna 
germinated and produced toxin in aerobic incubat ion.  An anaerobic  
mi c roenvironment mus t have been generated i n  the produc t for thi s t o  
occur . More re cent ly , Kautter � al .  ( 1 9 81 ) demonstrated botulinal 
toxin produc t ion i n  sandwi che s pa cked aerobically or under an atmos
phere o f  ni trogen. 

The use o f  gases as  pre servat ive s  for foods , inc lud ing meat 
product s , has been reviewed by the Int ernati onal  Commi s s ion on 
Mi cro biological S pecif icat ions for Foods ( 1980 , pp . 1 7 0-19 2 ) . Carbon 
dioxide at 2 0% prolongs  the she l f-l i f e  o f  re f rigerated f re s h  meat s by 
inhi biting pseudomonads and the Ac inetobac ter-Moraxella group 
( Si l liker and Wo lf e , 198 0 ) . Thi s may be use ful for some cured mea t s .  
Su lfur d i oxide d i sp lays useful ant i fungal and ant i bacterial act ivi ty  
i n  some produc t s , i ncluding sausage s ,  but i n  the  u.s. i s  not  per
mitted i n  f ood s re cogni zed a s  s ourc e s  of  thiami ne . The use o f  sulfur 
dioxide and related sal t s  is di scussed in Chapter 4 .  Carbon monoxid e 
ap pears to  have an inhi bitory e f fect  s imi lar to  that of  carbon di
oxide on psychro trophic bac t eria and to  pro long the color of cured 
meat s  ( Clark � !!• , 19 7 6 ;  Interna t ional Commi ssion on Microbiologi
cal Spec i f icat ions for Food s , 198 0 ,  PP • 1 7 0-1 9 2 ;  Si l liker and Wo lf e , 
19 80 ) . 
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CO NCLUS IONS 

Irrad iation alone or in conjunc t ion wi th low concentrat ions of  
ni t ri t e  can be used  t o  produce mi cro biologically safe  bacon ,  corned 
beef , and ham . It  is  also e f fect ive against staphylococc i  and sal
mone llae , whi ch are poorly controlled by ni trit e .  

Seve re thermal proce s sing o f  product s  i n  the f inal container 
( i . e . , one s not re pa ckaged ) can ensure the i r  mi crobiologic  safe ty ; 
but mos t  cooked cured i tems do not rece ive such a trea tment , because 
i t  would be de trimental to  the i r  tradi t i onal aes thetic  and o the r 
charac teri s t ics . 

Reduc t i on i n  produc t pH or wa ter act ivi ty i s  used , and pos s i bly 
could be used more widely , to increas e  protect ion against pa thogen s . 
Low pH or water activi ty i s  used rout i nely in some produc t s , e . g . , in 
f ermented sausage s ,  where the se fac tors are the prima ry ones inhibit
i ng  mi cro bial pro l i ferat ion. Too l i t tle i s  known about the interac
tion of  various fact ors controlling mi crobial pro l i f erat ion in cured  
mea t s  t o  predict  the extent to which reduc ing pH or  wa ter act ivi ty  of  
o ther produc t s  would enable the concen trat ions o f  ni tri te to be 
re duced whi le maintaining antimi crobial pro tec tion.  Such reduc tions 
mi ght affec t the sens ory charac t eristics  of produc t s  ( Chapter 9 ) .  

Temperature-abuse-a c t ivated biolog ic  ac idulat ion ( from ferment
able carbohydrat e )  by lac t ic-ac i d-produci ng bac t e ria ha s been demon
s tra ted in commerc ially pre pared bacon to  be as e ffect ive as conven
tional ni t ri te use . Thi s  me thod i s  equally or more effect ive when 
u sed in combinat ion wi th s od ium nitri te at 4 0  mg/ kg and appears 
appli cable to  o ther produc t s .  

Bo th freezing and re fri gera t i on need t o  be maintained cont inu
ously to provide protection agains t microbial proli f erat ion.  Thi s 
cannot be guaranteed . Thus , they canno t be cons idered a s  total 
re placements  for ni tri t e , whi ch provides protection during tempera
t ure abus e .  Pa rt ial or  complete omi s s i on of nitri te from shelf
s table canned cured mea t s  i n  favor of re f rigerat ion would probabl y 
change their sensory characteri s t i c s . Introduc ing the nece ssity for 
re frigera t i ng such produc t s  would have unpredic table safety conse
quenc e s  duri ng the peri od when producer s ,  consumers , and dis tri butors 
are adopt i ng the new precaut ion s .  

Al though mani pulat ions o f  the redox po tent ial o f  produc ts o r  o f  
the gaseous atmo s phere i n  whi ch they are packaged may increase the 
s helf-l i fe o f  cure d produc t s , they canno t ye t be judged to be feas i
ble alt ernat ive s to ni tri t e  in the control of the ma jor problems 
caused by anaero bic spoi lage organi sms or pathogens in cured meats .  

The Commi ttee recognize s that i t  has not ad dressed ( or has 
addre s sed only bri e fly)  a number of  theore t ically pos si ble complete 
or part ial  a l t ernat ive s t o  the cur rent use of ni tri t e . These 
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i nclude changes i n  produc t i o n ,  such as  requ iring thermal proce s s i ng 
o f  all  cure d  produc ts suffici ent t o  ensure commerc ial s teri l i ty .  The 
Commi t tee exc luded thi s poss ibi l i t y  from i t s  deliberat ions , because 
it  would substant ially a l ter the a e s the t ic qual i t ie s  o f  t he vas t  
ma jority o f  cured produc t s .  In add i t ion , i t  wa s unable ,  because of  
t ime constraint s ,  t o  consider o ther po s s i bi l i t i e s  fully , such a s  the 
use o f  indicators on package s t o  warn the consumer that a produc t had 
been subjected to tempera ture a buse . If c onsumers could be rel ied on 
to  heed them , such indicators mi ght be helpful whil e  the produc t 
remained i n  the ori gina l  package .  However ,  c onsumer compl iance wi th 
sugge sted pract ice s canno t be  guaranteed . 

RECOMME NDATIONS 

Inve s t igation o f  the u se o f  i r radiat i on in produc t s  o ther than 
bacon , corned beef , and ham is needed , as i s  study of i t s  application 
t o c ommerc ial produc t ion. 

High pri ori ty should be accord ed to  i nve s t i gations o f  the inter
act ion of  variou s  fac tors that contribut e to  the control  of  micro
organi sms in produc ts t o  whi ch nitr i te is added . Heating , pH , and 
wat er act ivi ty should b e  among the fac t or s  included in such inve s t i
gat ions , detai ls  o f  which are suggested i n  Chap ter 3 .  

The Commi t tee end orse s a previous recommendation ( Nationa l 
Academy o f  Scienc e s , 19 7 5 ,  P • 84 )  that producers o f  fermented 
sausages should be  encouraged t o  use chemical acidulation or s tarter 
cul ture s where ap propri ate t o  promote pro duc t safety . Considerat ion 
should be g iven t o  approva l o f  add i t i onal ac idulant s f o r  use in mea t 
produc t s .  

The e f f i cacy o f  tempera ture-a buse-ac tivated b iolog i c  acidulation 
( f rom fermentable carbohydrat e )  by lac ti c-aci d-producing mi croorga
nisms for ant i botulinal pro tect ion in bacon should be inve s t iga ted 
wi th a variety o f  mi croorgani sms und er s everal comme rc ial produc t ion 
cond i t ions . The appl i cabil i ty o f  thi s me thod t o  o the r produc t s  
should a l s o  be evaluated . 

The Commi ttee recommends further i nve s t igat ions o f  various known 
humectant s ( e . g . , glyc ero l ,  glycol s ,  sodium chloride ,  1 , 3-butadiene , 
and polyhydri c a lcohols )  t o  de term ine the ir suitabi l i ty a s  agent s for  
mod i fying the wat e r  act ivi t y  of  cured meat s .  The ant imic robial 
e f ficacy of  the vari ous means o f  reduc ing water activi ty should also 
be s tudied , because there is evidence o f  variation in ant imi crobial 
e f fect ivene s s  among humectant s .  Some of  these po s s i bi l i t ie s , such as  
salt , have known toxicolog i c  l iabi l i t ie s ,  and all would requ ire care
ful evaluation before any i ncre ase in human expo sure could be 
jus t i f ied . 

Copyright © National Academy of Sciences. All rights reserved.

Alternatives to the Current Use of Nitrite in Foods:  Part 2 of a 2-Part Study
http://www.nap.edu/catalog.php?record_id=19635

http://www.nap.edu/catalog.php?record_id=19635


5-2 2 

Be cause correc t and cont inuous re f rigerat ion of  perishable cured 
produc t s  could help t o  e l iminate  the r i sk of botuli sm f rom those 
produc t s  and thus he l p  t o  reduce the need for ni t ri t e ' s ant ibotu
l i nal pro tec tion ,  the Commit tee recommends increased e f fort s by 
regula t o ry agencies  and producers t o  educate consumers and producer s 
wi th re spe c t  t o  proper re frigera t ion,  po s s i bly through more prominent 
labe l i ng . 

Inve s t i gat i ons of the use of  gase s ,  such a s  ni trogen , or pack
ag i ng und e r  a vacuum t o  i ncrease the she l f-l i f e  of cured produc t s 
s hould be enc ouraged . 
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CHAPTER 6 

INHI BIT ION OF LIP ID OX IDATION IN CURED MEAT 

Ni tri te inhi bi t s  lipid oxidat ion in cured meat s .  Such an effect  
i s  des irable , because lipid oxidat ion may affec t  f lavo r ,  and the 
produc t s  of such oxidat ion may pose ha zard s  to human health . In t hi s  
chap t e r , the adver s e  effec t s  o f  lipid oxidat ion are discussed b rie f
ly , me thods c ommonly used to  assess  the extent of lipid oxidat i on i n  
mea t  a r e  di scussed , and the ant ioxidant ac t ivi t ie s  of ni t ri t e  and 
potential a lternat ives to ni tri te  are revi ewed . 

EFF ECTS OF LIPID OX IDAT ION 

Ef fec t s  on F lavor 

The fat ( lipid)  c omponent of  mea t contri bute s  subs tant ially t o  
i t s  flavor and palatabi lity . The basic  mea ty flavor res ides in the 
water-s o luble frac t ion of mea t , but the f lavor that d i s t i nguishe s  
pork f rom beef or  f i s h ,  f o r  example , re s ides i n  the lipid frac tion 
(Horns t ein,  19 6 7 ;  Ho rns tein e t  al . ,  1960 ) . Lipids  are easily 
oxidized , and such changes can markedly affect flavor ; for example , 
the ranc idity that deve lops in s tored meat is due to  lipid oxida
t io n .  Ref rigerated , cooked mea t  can deve lop a rancid or  s tale f lavor 
t ermed "warmed-ove r  f lavor"  ( WOF ) ( Tims and Wat t s , 1958 ) wi thin 4 8  h 
a t 4 °C .  Thi s  i s  in marked contra s t  with the s low onse t of  ranc id
ity commonly encount ered i n  raw meat s ,  fatty t i s sue s ,  rendered fat , 
or lard , which i s  normally no t appa re nt unt i l  after s torage for weeks 
or months ( Pearson et a l . , 19 7 7 ) . Al though WOF ha s gene rally been 
re cogni zed as  pert aining only t o  cooked meat , the re is  now evidence 
that i t  deve lops jus t as rapidly in raw mea t  that has been ground and 
exposed to air ( Sa t o  and Hegart y , 19 71 ) . 

Pos s ible Adverse  Ef fects  on Hea l th 

Malonalde hyde (malondialdehyde )  i s  formed by the oxidation o f  
polyunsatura ted fat ty acids . Intere s t  in thi s part i cular produc t of  
li pi d  oxidat ion ha s s t emmed f rom report s that i t  reac t s  wi th DNA 
( Brooks a nd Klamerth , 19 6 8 ) , i s  mutagenic in the Salmonel la/mi crosome 
assay ( Mukai and Golds tei n ,  19 7 6 ) , and induces tumors in mice when i t  
i s  dissolved i n  acetone and appl i ed topically wi th cro t on oil  a s  a 
promo ter ( Shamberger e t  a l . , 1974 ) .  Howeve r ,  a recent report demon
s tra ted that the mutagenic act ivi ty of earl ier ma lonaldehyde pre p
ara t ions was due a lmos t ent irely , if not exclus ive ly , to contami
nant s ( Ma rne t t  and Tu t t le , 1980 ) . Enzymatically synthe si zed malon
aldehyde ( Summe rf i e ld and Tappe l ,  19 7 8 )  is wi thout mutagenic ac t ivi t y 
in the s tandard Sa lmone l la/micro some as say tester s trains ( Ame s  et  
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a l . , i n  pres s ) , al though i t  does have weak mutagenic activi ty in a 
new Salmonella tes ter s train that revert s by f rameshi f t  mutat ion in 
a repea t i ng sequence o f  adenine res idue s  ( D .  Levin and B .  N .  Ame s ,  
Unive r s i ty of Ca lf ornia , Berke l ey , personal communication ) . In 
add i t ion , Apaja  ( 1980 ) fai led to  demons trate carcinogenic i ty o f  
malonaldehyde admini s tered to random-bre d Swi s s  mice i n  drinking 
water a t  concentra t i ons of  0 . 5 ,  0 . 2 5 , and 0 . 125% . However ,  because 
o f  the hi gh mortality in the high-d o se group , there i s  s t ill "a 
pos s i bi l i ty for i nc reased occur rence of late-developing tumors "  at 
the higher dose . 

Thus , the sign i f i canc e o f  the earlier report s on possible adverse 
e f fec t s  of malonald ehyde i s  unclear .  The importance o f  malonaldehyde 
f ormed by the oxidation of  lipids in meat s  is  even less clear , be
cause mos t  of it i s  bound to o ther molecule s ,  and i t s  fate after 
ing e s t i on i s  unknown. 

I t  i s  known, however , that mos t  of the malona ldehyde ingested is  
d erived f rom mea t ( Shambe rger et  a l . , 19 7 7 ) , and c ured mea t s  may be 
the greatest  contri butor , i nasmuc�a s  bacon, for example , contains 
about twice  as  much unsat urated fatty  acid a s  saturated fatty acid 
( Anonymous , 19 81 ) and about 19% o f  the unsaturated fatty acid in pork 
i s  polyunsat urated ( Benedic t , 1980) .  

The average dai ly intake of malonaldehyde from meat s  ( c ured and 
uncure d )  can be e s t imated at approximately 2 30 � g/ person,  on the 
basi s  of malonaldehyde concentra tions re ported by Siu and Draper 
( 19 7 8 )  and consump t ion figures d eveloped by the Commit tee ( National 
Academy of  Scienc e s , 1981 ) . Thi s estimat e  may be low : Shamberger et 
a l .  ( 19 7 7 )  reported malona ldehyde conce ntrations that were several -
times higher than those o f  Siu and Draper .  

In summa ry , the s i gni f i cance for human heal th of malonaldehyde i n  
meat s  i s  unknown, but the meager data avai lable emphasi ze the desir
abi l i t y  of minimiz i ng the occurrence of malonaldehyde duri ng storage 
and marke t ing . However ,  inhi bi tion of malonaldehyde f ormation may 
pos e  heal th haza rd s  as wel l .  Ni tri t e , for  example , decreas e s  the 
c onc entrat ions of malonaldehyde in meat ; howeve r ,  i n  the pre senc e  of 
ni t ri te , malonald ehyde can faci litate ni trosat ion of secondary ami nes 
( Ki kugawa et al . ,  1980;  Kurechi et a l . , 19 80 ) .  Ni trosa t i on appar
ently occurs, :Ln thi s case , through:lnt ermed iate compound s--amino
acro leins--that a re more readi ly ni trosated under mi ld ly acidic con
d i t ions than are the i r  parent amine s ( Ki kugawa � a l . , 1980 ) . 

L IP ID COMPOSITION OF MEATS 

Meat lipids  are commonly cla s s i fied as  adipose lipids or intra
muscular ( ti ssue ) lipids  ( Pearson et a l . , 19 7 7 ; Wa t t s , 19 6 2 ) . The 
adipose  lipids cons i s t  mainly of tri glycerides ; intramuscular li pids 
are composed of bo th tri glyceride& and membrane-bound lipid s ,  such as 
phospho li pids and lipopro teins ( Love and Pearson , 19 7 1 ;  Pearson � 
a l . , 19 7 7 ) .  Al though the compos i t i on and s tructure o f  the adipose 
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lipids are influenced by specie s , diet , environment , and sex ( Deue l ,  
19 6 5 ;  Hi ldi tch and Williams , 1 9 64 ; Link � al . , 19 70a , b ) , the com
pos ition and s tructure of  intramuscular lipid generally do not vary , 
and only the amount present vari es with the type of meat  ( Koch e t  
al . , 196 8 ;  Orme .!!_ a l . , 195 8 ) .  

-

Phospholipids , pre sent mainly in the intramuscular lipids , appear 
to be the component s  mos t  susceptible to oxidation and are at least  
part ially responsi ble for the off-flavors that develop during the 
s torage of cooked meat ( Younathan and Wat t s , 1959 , 1960 ) . Phospho
lipid concentrations of  red and whi te muscle from various sources 
have been reported by Wilson et  a l .  ( 19 7 6 ) and are given in Table 
6-1 .  On the basis  of thi s study:-phospholipid content is highest  in 
the dark meat of chicken and whi te meat of pork. Apparently , the 
tendency for phospholipids to undergo rapid oxidation is  due largely 
to their high content of unsaturated fatty acids ( Giam and Dugan,  
19 6 5 ;  O ' Keefe e t  al . ,  19 68 ) . Table 6-2 shows that the triglyceride 
fract ion of meat i s ,  in fact , lower in unsaturated fat ty acids than 
is the phospholipid fraction (Hornstein � !!· •  19 61 ) . 

CHEMISTRY OF LIP ID OXIDAT ION 

The oxidation of unsaturated fatty acids--such as oleic , lin
oleic , and linolenic acids--generally proceeds through a free-radica l  
chain mechanism involving init iat ion, propagation ,  and termination : 

Ini t iation : 

2LH + 0 2 

Propagat ion : 

L "  + 0 2 LOO " 
LOO " + LH --� LOOH + L • 

Termination : 

L "  + L "  LL 
L • + LOO " LOOL 
LOO " + LOO • --� LOOL + 02 

LH refers to any unsaturated fatty acid ;  L " , to a free radical formed 
by removing a labile hydrogen from a carbon atom ad jacent to a double 
bond; and LOOH , to a hydroperoxide , one of the major initial oxida
t ion products that decompose to form products  responsi ble for off
flavors ( Gaddis  et  al . , 19 61 ; Horvat e t  a l . , 196 9 ) . Such products  
inc lude hexanal ,-pentanal,  and malonaldehyde , all of whi ch have been 
detected in cooked , uncured meat ( Cross  and Ziegler ,  1965 ;  Tarladgi s 
� al . ,  19 60 ) . 
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TABLE 6-1 

Mean Lipid Cont ent s and Standa rd De via tions f o r  Red and Whi te Muscle f rom 
Mut ton , Beef , Pork , Chicken , and Turkeya 

To t a l  L i ei d 1 % of T i s sue We ish t Pho seho l iei d 1 % o f  To t a l  Lieid Pho seho l i eid , 
seec i e s  Re d Mu sc le5 Wh i t e  Mu s c l e c Red Mu s c l el5 Whi t e  Mu s c l e !:! Red Mu s c l el5 

Mu t t o n 5 . 58 + 0 . 49 1 7 . 2 5 + 1 . 81 0 . 80 + 0 . 14 

Bee f 1 4 . 7 9  + 0 . 3 9 3 . 56 + 0 . 1 6 0 . 50 + 0 . 02 

Po rk 5 . 4 7 + 0 . 62  8 . 88 + 0 . 67  1 6 . 7 3  + 3 . 3 5 1 1 . 97 + 2 . 7 7  0 . 8 3 + 0 . 01 

L1l i c ke n  4 . 7 4 + 0 . 3 7 1 •5 2  + 0 . 1 5  4 2 . 2 5  + 7 . 60 4 2 . 40 + 4 . 70 1 . 60 + 0 . 05 

Tu rkey 1 . 86 + 0 . 1 5 0 . 79 + 0 . 0 5  3 5 . 43 + 3 . 1 1 6 4 . 4 2  + 3 . 6 7  0 . 6 3  + 0 . 0 2  

aoa ta f rom Wi l son e t  a l . ,  1 9 7 6 .  Re p r i n t ed wi t h  pe rmi s s i o n  f rom Journa l o f  Ag r i c u l t ure 
a nd Food Chemi s t rY: -copy ri gh t © 1 9 7 6 .  Am e r i c a n  Chem i c a l  Soc i e t y . Mea n  va l ue s  a re 
f rom t h re e  a n ima l s  of the same spec i e s . 

bRed mu s c l e  a s  f o l l ows : mu t t on a nd be e f , l o ng i s s imus ; pork , red p o r t i on of semi t e nd i no s u s ; 
c hi c ke n  a nd t u rkey , t hi g h . 

C Wb i t e  musc le a s  f o l l ows : mut t o n  a nd bee f , none ; pork , whi t e  p o r t i o n  o f  semi t e nd i no s u s ; 
c h i cken a nd t u rkey , b re a s t . 

% of Ti s sue We ish t 
Whi t e  Mu s c le c 

1 . 00 + 0 . 1 9  

0 . 50 + 0 . 03 

0 . 5 5 + 0 . 0 1  

0\ 
I 

0\ 
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TABLE 6-2 

Fat ty-Ac id Compo s i t i o n  o f  Triglyceride and Pho spholipid 
Frac t ions f rom Lean Beef and Po rka 

Trigllce ride s 2 % Pho s�hol i�id s , % 
Fat ty Ac id Beef Pork Beef 

Saturated 

Capric 0 . 1 0 . 1 
Lauric 0 . 1  0 . 2  
Myri s t ic 2 . 2  1 . 2  2 . 6  
Stea ri c  1 6 . 9 1 1 . 6  1 5 . 6  
Pa lmi t ic 2 7 . 5 2 3 . 9  13 . 2 

Unsatura ted 

Pa lmi toleic 4 . 7 7 . 4  2 . 2  
Oleic  41 . 3  4 5 . 2  21 . 2  
Te tradecadienoic 0 . 6 1 . 3  
Linolei c 4 . 4  8 . 7 20 . 2  
Li nolenic 1 . 1  1 . 6  1 . 8  
Eicosa t rienoic  1 . 8  
Ar achidonic 0 . 1 0 . 1 1 9 . 2 
Doco sadi enoi c 

To tal saturated acids  4 6 . 8 3 7 . 0  31 . 4  
Tot a l  monounsaturated acid s 4 7 . 1  52 . 6  24 . 3  
To tal f a t ty acids  wi th 6 . 2 10 . 4 44 . 3  
> 1 unsa tura ted bond 

8Ad ap t ed f rom Ho rns tein e t  al . ,  1 9 61 .  Reprinted wi th permis sion f rom 
Journal of Food Science�6 : 5 81 , 1 9 61 . Copyright © by t he Inst itute 
o f  Fo od Te chnolog i s t s .  

Pork 

2 . 0  
11 . 0  
20 . 0  

2 . 3  
1 6 . 2  

0 . 6 
2 7 . 9 

1 . 0  
1 . 6  

1 6 . 3 
0 . 9 

3 3 . 0  
1 8 . 8 
48 . 2  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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Numerous compound s ,  i nc ludi ng heme and nonheme iro n ,  may act as  
catalys t s  of  l i pid oxida t i on ( Liu and Wa t t s , 19 70 ;  Wi ll s , 19 6 6 ) .  
Muscle t i s s ue contains a cons iderable amount of iron bound t o  pro
t e ins . Myoglobin i s  an oxygen-s torage pro tein i n  muscle cells 
resembling hemoglobi n .  Muscle t i ssue probably also contains res idue s  
o f  hemoglobin from blood . In addi tion ,  cells contain cytochromes . 
All these proteins contain the pros the t i c  group , heme , whi ch has an 
iron atom at i t s  center . The iron atom by i t self promotes autoxi
dat i on of fa t s ;  i n  the cas e of heme , the whole iron-heme molecule may 
pa rt icipa te i n  the oxidat ion reac t ion . 

Al though s cheme s for catalysi s  o f  lipid oxidation have bee n  
pro posed ( Tappe! , 19 6 2 ;  Ta rladgi s ,  19 61 ) , the s i tuation in meat i s  
d i f f icul t to asc e rtain ( Kendrick and Wat t s ,  19 69 ) . There i s  recent 
evi denc e  that nonheme iron is the ma jor prooxidant in cooked mea t  
( !gene e t  a l . , 197 9 ;  Love a n d  Pearso n ,  1974 a , b ; Sato and Hega rty , 
19 71 ) . :fgene e t  a l .  ( 19 7 9 )  furt her demons trated that nonheme iron is 
released f rom heme-pigment s as a consequence of cooki ng , or by treat
ment wi th hydro gen peroxide , thus accelera ting l i pid oxidat ion. 
The s e  resul t s  veri f i ed the repo rt by Haurowi t z et a l . ( 194 1 )  tha t the 
prooxida t ion effect  of hemin or hemoglobin on linoleic and linolenic 
acids is due to re leas e of  inorganic iro n .  It  is  possible that o ther 
polyvalent cat ions are pro oxidant s  in mea t and play a ro le in WOF . 
However ,  Sa t o  and Hega rty ( 19 7 1 ) demons trated tha t cupric sal t s  
a c tually i nhi bi ted WOF , appare nt ly through the reac tion of free radi
cals wi th cupric i on s .  Thu s ,  nonheme iron appears t o  be the maj or 
pro oxidant in deve lopment o f  WOF ( ! gene � al . , 19 79 ) .  

MEASUREMENT OF LIP ID OXIDAT ION IN MEAT SY STEMS 

There are many experimental te chnique s for det ermining the extent 
of  lipid oxida t i on in biologic sys tems , from s imple sensory evalu
a t ions to chemical and phys ical measurement s .  Chemical me thods 
i nclude de term inations of peroxide , thiobarbi turi c acid , total and 
vola tile carbonyl s ,  and oxirane . Phys ical me thod s i nc lude the use of  
c onjuga ted diene , fluore scence , inf rared spectro scopy , pola rography , 
ga s chromatography , and re frac tome t ry .  These me thods have been re
vi ewed by Sherwin ( 1 9 6 8 ) ,  Eri ckson and Bowers ( 1 9 7 6 ) , Gray ( 19 78 ) , 
and Logan! and Davies  ( 1980) . Two of  the more commonly used me thod s 
are revi ewed below.  

Thio barbituri c Ac i d  Tes t  

One o f  the most commonly used me thods for assessing l ipid oxida
tion i n  mea t  and o ther biologic sys tems i s  the 2- thi obarbi turic acid 
( TBA ) me thod . The extent of  oxidative ranc idity i s  usually expre s sed 
as a TBA number (mi lligrams of malonaldehyde per kilogram of sample )  
by compari ng the opt ical dens ity  of the TBA-malonaldehyde colored 
complex wi th that of s t anda rds pre pared f rom 1 , 1 , 3 , 3-te trae thoxy-
propane . In acidic solut ion , the ace tal is quantitat ive ly hydro lyzed 
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t o  malonaldehyde . The me thod i s  based on the deve lopment and mea sure 
ment o f  a red p igment formed by the condensat ion of  one molecule of 
malonaldehyde and two molecules  of  TBA ( Si nnhuber and Yu , 1958 ) .  The 
acid i s  added to inhibi t the possible reac t ion of malonaldehyde wi th 
food cons t i tuent s .  

Be cause o f  i t s  react ivi ty , mos t  of the malonaldehyde in food s i s  
bound t o  o ther food component s ,  and very l i t t le i s  i n  the f ree f o rm .  
Kwon and Wa t t s  ( 19 6 3 ) thus proposed the t e rm  " d i s t i llable malonal
dehyde" for use in de scribing the TBA tes t . They conc luded ( 1964 ) 
that malonaldehyde has the capacity  to enolize from i t s  dike t o  form 
( I )  t o  i t s  enola t e  anion ( I I ) , whi ch i s  no t vola t i l e . A third vola
t i le che lated form ( I I I )  is also possible . 

" ' c�o 0 H II I I H , C .,.. C - H 
" ' c "' c :::. o CHz I II II I 

olll'c ' H 
c 

-o ...- ' H H ..,.. c , o  ... 
H 

(I) (II) (Ill) 

Kwon and Wat t s  ( 1964 )  indica t ed tha t , in aqueous solut ion , almo s t  
all ( 9 6% )  of  the malonaldehyde i s  i n  the enolic form ( I I ) and that 
the proportions of  the various forms present depend on pH . The 
enolic form occurs at a pH of 7 ,  and che lated form I I I  predominates  
a t  a pH le s s  than 3 .  There f ore , Kwon and Wa t t s  ( 1964 )  s ta ted tha t 
maximal vola t i za t ion of fre e ,  pre formed malonaldehyde occurs at a pH 
les s  than 3 .  

The TBA test has been perf ormed in vari ous ways , o f  which the two 
mos t  common are as follows : ( 1 )  The TBA reagent in s t rong acid i s  
added dire c t ly to  the food produc t , and the who le mixture is heated 
in a water ba th unt i l  maximal color i s  d eveloped ; the color complex 
is extrac ted wi th a solvent and measured spectropho tome t ri cally 
( Sinnhuber et  a l . , 1958 ; Yu and Sinnhuber ,  1957 ) .  ( 2 ) The food 
produc t i s  f irSt s team-d i s t i lled from an acidic solut ion , and a por
t ion of  the d i s t i lla te i s  mixed wi th the TBA reagent ; thi s mixture i s  
heated and the re sul t ing color complex i s  measured dire c t ly i n  a 
spec trophot ometer ( Tarladgis  e t  a l . , 1960 ) . Bo th me thods require the 
pre sence of s trong acid ( pH ,  079-1 . 5 ) , to liberate  malonaldehyde from 
some precursors and to catalyze the condensation of the aldehyde wi th 
the TBA reagent . 

The TBA test  has been subject  to some cri t i c i sm ( Gray , 19 78 ;  
Logan! and Davie s , 1980 ; Sinnhuber and Yu , 1977 ) .  Y u  and Sinnhuber 
( 19 64 )  pointed out the importanc e of using nonc ontaminated reagent s 
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f or the test , to prevent s ide reac t i ons that would give mi sleading 
resul t s .  Some compounds react  wi th TBA t o  yield colored complexe s 
wi th absorp t i on maximums between 4 50 and 5 30 nm ( Marcuse and 
Johans s o n ,  19 7 3 ) , and the color i ntens i ty can be such that i t  woul d 
i nterfere wi th a bsorpt i on at  5 30 nm and cause a higher than normal 
value . But tkus and Bose ( 19 7 2 )  found that malonaldehyde-aromatic 
amine reaction produc t s  yielded lower TBA values than expected , 
because they were relat ively s table i n  the presence of  acid and 
heat . Di llard and Tappe! ( 19 7 1 ) reported that , in peroxidizing 
mi crosome s ,  the TBA value s tabi lized , whereas oxygen absorption con
t inued . Wi lls ( 19 6 6 )  d emons tra ted that TBA values inc reased much 
more than oxygen uptake i n  the presence of ascorbate and pos tulated 
that part ially oxidi zed fa t ty acids in a t i s sue homogenate could 
b reak down wi thou t further oxyge n abs orption and thus yield addi
t i onal TBA-reac ting produc t s . I t i s  also unc lear whether malonal
d e hyde is the ul t ima t e  produc t in l ipid oxidation tha t reac t s  wi th 
TBA or some o ther react ive ma teri al generates  malonaldehyde under the 
cond i t ions of the TBA tes t ( Logan! and Davi e s , 1980 ) . P ryor et a l .  
( 19 7 6 )  have sugges ted tha t the pro s taglandin endoperoxides may-� 
precursors of  malonaldehyde under the tes t cond i t ion s .  

The TBA t e s t  has been mod i f ied for measuri ng the extent o f  lipid 
oxidation in mea t  samples containi ng ni t ri t e . Hougham and Wa t t s  
( 19 5 8 )  re port ed that the pre senc e  of ni tri te a t  200 mg/ kg decreased 
TBA values by 20-30% , but ni tri t e  at less than 100 mg/ kg did not 
i nterf ere wi th the test . Zi ps er and Wa t t s  ( 19 6 2 )  s tated that small 
amounts  of  ni trite ion can subs tant ially reduce TBA numbers in rancid 
meat , wi th the reduc t ion i ncre a s ing linearly wi th nitri te  concentra
t i o n .  Ni tri te  int e rferenc e  wi th the TBA tes t takes place during the 
d i s t i llat ion s t e p  and i s  believed to be due to ni tro sation of malon
ald e hyde . Therefore , sulfani lamide i s  usually added , to bind the 
n i tri te through d iazonium salt forma t ion and thus yield accurate  TBA 
read i ngs for sample s containing ni tri t e .  

To tal-Carbonyl De termina t i ons 

An alterna t ive approach for measuri ng li pid oxidation in meat 
sys tems is to meas ure the carbonyl compounds formed by the degra
dation of the hydro peroxides ( Gray , 19 78 ) . The mos t  re liable and 
widely used o f  the analytic  me thods i s  the one described by Reni ck e t 
a l . ( 19 54 ) . The procedure i s  based on the formation of 2 , 4 -dini tro=

phenylhydrazone s o f  carbonyl compound s in the presence of trichloro
acetic acid catalys t .  However , the me thod has been cri t i c i zed on the 
grounds that hydroperoxides may decompose under the experimental con
d i tions ( Lea , 1 9 6 2 ) . 

MacDonald � al . ( 19 80 )  used the high-perf ormance l i quid-chromato
graphic procedure of  Selim ( 19 7 7 )  to  measure the hexanal and 2 , 4 -decadi
e nal conc entra t ions in hams treated wi th 2 . 5% salt and vari ous conc entra
t i ons of ni t ri te , butlylated hy droxytoluene ( BHT) and c i tric acid . 
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Signif icantly lower ( �  < 0 . 0 5 )  concentrations of these aldehydes were 
found in meat treated with nitri te , BHT ,  or c i tric  acid than in sam
ples treated only wi th sal t . Previous s tudies by Cross and Ziegler 
( 1 9 6 5 )  and Swain ( 19 7 2 )  revealed lower concentrations of hexanal in 
the volatiles from ni tri te-treated hams than in those f rom meat sam
ples free of nitri te .  

AGENTS INHIBITING LIP ID OX IDATION 

Ni t rite 

Nitri te has been shown to inhibit li pid oxidat ion (WOF ) in cooked 
mea t and meat  produc t s .  Sato and Hegarty ( 19 7 1 )  reported that l ipid 
oxidation,  as measured by TBA values , was eliminated in cooked ground 
beef  by adding sodium ni tri te at  2 , 000 mg/ kg .  Sodium ni trite at  50 
mg/ kg reduced TBA values by 65% in their  s tudies as well . They also 
sugges ted that  the subs tance( s )  re sponsible for ini t iating WOF in 
cooked meats was water-soluble , inasmuch as beef  muscle that had been 
thoroughly extracted wi th water did not develop WOF . 

Younathan and Wa tts  ( 19 5 9 )  studied lipid oxidation in cured and 
uncured refrigerated cooked pork and found the hi ghest  TBA values in 
uncured samples at  all storage peri ods over 2 wk . Similar studies on 
comminuted pork were car ried out by Hadden et  al . ( 197 5 ) , who reported 
that s torage t ime at 3° + 2°C and the absen� of nitri te  signifi
cantly increased TBA values  ( �  < 0 . 01 ) . This trend was also observed 
when the products  were stored at  -29° + 2° . Samples of cooked 
beef , pork , and chicken prepared wi th and without sodium nitr i te ( 156 
mg/ kg ) have been evaluated by the TBA test and by sensory-panel 
score s at the beginning of storage and af ter storage for 4 8  h at  
4°C ( Fooladi et al . , 19 79 ) . Added ni tri te reduced TBA values by a 
fac t or of  2 in-beef and chi cken samples and a factor of  5 in pork.  
Sensory-panel score s also  indicated a pro tective effect of added 
ni t rite . 

The effects of  vari ous concentrations of sodium nitri te ( 50 ,  200 , 
and 500 mg/ kg )  on the oxidation s tability of cooked hams have been 
studied recent ly by MacDonald !! al . ( 1980 ) . Their data (Figure 6-1 ) 
ind icated a s igni ficant reduction in  TBA values for pork cured wi th 
sodium ni tri te .  

As  indicated previ ous ly , Sa to and Hegarty ( 19 71 )  and Love and 
Pearson ( 19 74 a , b) have presented data that suggest that nonheme iron 
is  the major prooxidant in cooked meat . !gene et al . ( 19 7 9 )  further 
investigated the i nfluence of  heme pigment s ,  nonheme i ron,  and 
ni tri te  on deve lopment of WOF in cooked meat and showed that removal 
of meat  pigments and addition of sodium ni trite at  156 mg/ kg signif i
cantly (� < 0 . 001 ) inhibi ted lipid oxidation in samples of cooked meat 
(beef and dark and white chi cken mea t ) . Tas te-panel evaluation con
f irmed the inhi bitory effects  of removal of heme pigments  and addi
tion of ni trite on the development of WOF . 
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F IGURE 6-1 .  Effect  o f  cur ing agents ,  ant ioxidant s ,  and 
met al chelat ing compound s on TBA values of pork 
s tored at 4 ° C .  Ad apt ed from MacDonald et al . ,  
19 80 . Repr inted with permiss ion from Journal 
of Food S c ience 4 5 : 899 -89 2 ,  19 80 . Copyright © 
by Ins titut e of Food Technologist s . 
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The percentage o f  bound heme i ron i n  fresh  mea t  pigment extract wa s 
s light ly greater than 9 0% , where as  that of free nonheme iron was l e s s  
than 10% . Cooki ng , however ,  released a s i gnificant amount of nonheme 
iron from the bound heme pigment s and accelerated l ipid oxidat i on in 
cooked meat . Thus , i t  wa s conc luded that the i ncreased rat e of lipi d 
oxidat ion i n  cooked meat was d ue t o  release o f  nonheme i ron duri ng 
cooki ng . Thi s study verified the report by Haurowi t z  e t  a l . ( 194 1 )  
that the prooxidant effect  o f  hemin o r  hemoglobin o n  linoleic and 
linolenic acids wa s due t o  releas e o f  inorgani c iro n .  

The mechani sm by whi ch ni tri te minimi zes WOF in  cooked mea t s  i s  
no t thoroughly understood , al though i t  has been suggested tha t 
nitri te may e i ther s tabi l i ze the l ipid component s of the membranes or  
inhi bi t the  natura l prooxidant s i n  muscle ( Pearson e t  a l . , 19 7 7 ) . 
Clearly , further s tudies a re needed to  e lucidate fully�he ant i
oxidant me chani sm of ni tri t e  in cooked meat s .  

Some ni tri t e  derivatives i n  mea t  also have ant ioxidant proper
t ie s .  S-Ni t rosocys teine , a compound generated duri ng the curing of 
mea t , has been s hown to act  a s  an ant ioxidant i n  both an a queous 
linoleate model sys tem and ground cooked t urkey mea t  ( Kanner and 
Juven,  1980 ) . Kanner et a l .  ( 19 80 )  report ed the antioxidant act ivi ty 
of ni t ri c  oxide myoglobi n-cMb-NO ) i n  linoleat e and S -carotene-lin
oleate aqueous model sys tems . The spec ific  ant ioxidant activi ty of 
Mb-NO was maintaine d  even i n  the pre senc e  o f  prooxidant s ,  such a s  
heme pro te ins and lipoxygenase . 

Other Antioxidant s Tested i n  Mea t  or F i s h  

Sato and Hega rty ( 19 7 1 )  t e s t e d  a va riety o f  compounds f o r  the i r  
ability t o  inhi bi t l i p i d  oxidation,  a s  measured by TBA values ( Table 
6- 3) . The mos t  act ive compounds were sodium e t hylene d iaminete tra
acetic  acid ( EDTA) , sodium t ri polyphosphat e , sodium hexametaphos
pha t e , sodium ci trate , sodium ascorbate , butylated hydroxyani sole 
( BHA) ,  and butylated hydroxytoluene ( BHT ) . Howeve r , only the last 
two compound s were effect ive a t  low concentrations ( 100 mg/ kg ) .  

Recent ly , Ma cDonald e t  !!• ( 19 80 )  t e s ted c i tric acid and BHT for 
anti oxidant effec t s  and compared the result s  wi th those of ni trite  a t  
vari ous conc entra t ions ( F i gure 6-1 ) . They report ed tha t  c i tr i c  acid 
( 1 , 000 mg/ kg )  and BHT ( 200 mg/ kg )  were less ac t ive than sodium 
nitri te a t  the lowe s t  conc entrat i on t e s t ed ( 50 mg/ kg ) . 

Swee t ( 197 3 )  reported tha t untreated ( contro l )  samples of salmon 
or t rout d eve loped TBA values indicat ive o f  marked ranc i d i ty in less  
than 24  h a t  5°C .  Antioxidant s i ncreased the  length o f  s torage 
before d evelopment of rancidity , as measured by TBA value s .  Combina
t ions o f  ei ther BHA or  tert -butylhydroquinone ( TBHQ) wi th EDTA or  
c i t ri c  aci d  were the  mos t  effect ive inhibi tors of  lipid  oxidation in  
the fish sampl es tes ted . 
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TABLE 6-3 

Effect o f  Various Reagents on TBA Value o f  Cooke d 
Ground Bee f S t ore d  2 Days a t  4 oca 

Reagent 

2Na-EDTA 
Na t ri polypho spha t e  
Na hexametaphosphate 
Na pyropho s phat e  
Na c i tra te 
Na a scorbate 
Na ascorbate 
BHT 
BHA 
NaN0 2 
NaN02 
ZnS04 
CaS04 
MgS04 
MnS<>t. 
CuS 04  
CuS 04 
CuCl 2 
AgN03 
HgCl 2 
Iron powder 
FeCl 3 
F eC1 2 
KCN 
L-Cys teine 
NaHS03 

Concentra t ion 
of Reagent , mg/ kg 

2 , 500 
5 , 000 
5 , 000 
5 , 000 
5 , 000 
5 , 000 

50 
100 
100 

2 , 000 
50 
50 
50 
50 
50 
50 

100 
150 
150 
150 
300 
100 
100 
100 

5 , 000 
2 , 000 

Inhi bi t i on of 
Lipid Oxidat ion, % 

9 2  
9 5  
88 
8 2  
12 
82 
< 1 
81 
85 
9 9  
6 5  

0 ( 2% promotion) 
1 

12 
0 ( 30% promotion )  

18 
34 
94 
2 3  
32 

0 ( 7 5% promotion )  
2 

14 
36 
5 7  
58 

aPerc ent inhi bi tion calculated by using data from Sat o  and Hegart y 
( 19 71 ) . Re print ed wi th permi s s ion f rom Journal o f  Food Science 
36 :1098 ,  19 71 . Copyr i ght © by the Ins t i tute of Food Technolog i s t s . 
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The add i t ion o f  some pho sphate s--includ i ng pyrophos phat e ,  
tri polyphosphat e ,  and hexametapho sphat e--has been shown t o  protect  
cooked mea t s  f rom lipid oxidation ( Tims and Wat t s ,  19 58 ) . These  
effec t s  were conf irmed by Sato  and He gart y ( 19 71 ) , who demons tra ted 
that all three compound s markedly reduced the TBA value s in cooked 
ground beef s tored at 2°C ( Table 6- 3 ) . The mechani sm by which 
phos pha t e s  prevent lipid oxidation appears  to be related to the i r  
abi l i ty t o  s equester metal i ons , part icularly ferrous ions , whi ch a re 
the major  prooxidant s i n  mea t syst ems ( Love and Pearson , 19 74 a , b ) .  

Ascorbic acid a t  concentra t ions below 1 , 000 mg/ kg can enhanc e t he 
development of WOF , a s  shown by increased TBA value s ( Sato and 
Hegart y ,  1 9 71 ; Tims and Wa t t s , 19 58 ) . At higher concentrat ions 
( 5 , 000-10 , 000 mg/ kg ) , however ,  asc orbi c acid inhibi t s  l i pid oxidat ion 
( Sa to and He gart y ,  19 71 ; Table 6-3 ) , pro bably by  ups e t t i ng  the 
balance be tween f er rous and f er ri c  ions or by ac t i ng as an oxygen 
scave ng er . 

I t  has also been demons trated by Tims and Wa t t s  ( 19 5 8 )  that a s
corbic acid act s  synergi s t ically wi th pho sphates  t o  protec t agains t 
ranc id i ty . Simi lar re sults  were obtained by Sa to and He gart y ( 19 71 ) . 
Thes e  studies  indicated tha t ascorbi c  acid and pho sphates in com
bination may have an import ant synerg i s t i c  ac tion in prevent ing t he 
deve lopment of  oxidation i n  cured meat s ,  a s  sugges ted by Chang and 
Wa t t s  ( 194 9 ) .  

The pre senc e  o r  absenc e  o f  t ocophero l s  ( e . g . , a -t ocophero l o r  
vi tamin E ) i n  animal t i s sue s can i nf luence rancidity and presumably 
the deve lopment o f  WOF ( Pe arson e t  a l . , 19 7 7 ) . S tudies  thus far have 
been based on the effec t s in mea�o�anima l s  fed tocophero l ; however , 
t ocophero l added d irec t ly t o  mea t s  has not been evaluated a s  an ant i
oxidant . 

The antioxidant e f fec t on rat body t i s sues af ter diet ary suppl e
mentat ion wi th tocophero l  wa s shown by Barne s  e t  a l . ( 194 3) .  The 
d ietary appl i cat ion of tocophero l to s tabi lizejpork fat has been 
inve s t igated by Wat t s  et a l .  ( 194 6 ) and Hvids ten and As trup ( 196 3) . 
Only a s light improvement:Ln keeping quality  was achieved by thi s 
me thod , and the improvement wa s thought t o  be too small for pract ica l 
importanc e .  Tasai e t  al . ( 19 7 8 )  furt her s tudied the extent of  im
provement i n  the oxidat ive s tabi lity o f  pork f rom pigs fed rations 
containing a -t ocophero l acetate and a scorbic acid . The oxidative 
s tabi lity o f  the pork t i s sue s was unaffected by ascorbic acid suppl e
mentation of the diet ; however , the s tability of adipo se t is sue s was 
si gnificantly increased ( �  < 0 . 0 1 )  by a -tocopherol acetate supplement a
t ion . Supplementat ion wi th a -t ocophero l acetate a t  100 mg/ kg i n  the 
feed appeared to be optimal for improvement of the oxidat ive sta
b ility o f  pork . 

Dietary supplementat ion of feed wi th vi tamin E has been shown to 
be e f fect ive in o ther animal t i ssue s .  Webb e t  a l . ( 19 7 2 ,  19 74 ) 
re port ed that vi tamin E supplementat ion improved the TBA value s  o f  
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precooked frozen t urkey and chi cken pa rt s ,  but they were unable to  
e s tabl i sh a relationshi p between sensory-panel score s and TBA 
value s .  Ell i s  e t  a l .  ( 19 74 ) found tha t the kee ping quality of vea l 
was improved by:feeding calves vi tamin E wi th mi lk from cows that had 
been fed protected saf flower oil  and , a f t er weaning , by f eedi ng 
calve s  pro tec ted saf flower oil  dire c t ly .  

Sa t o  e t  a l . ( 19 7 3 ) reported that the overcooking of  meat protec t s  
agains t the deve lopment of WOF by produc ing compounds wi th antioxi
dant ac t ivi ty . They s tudied the react ion that is re sponsible for 
producing ant ioxidant ac t ivi t y  duri ng the heat ing of meat and con
cluded that the subs tance s  demons tra t ing ant ioxidant properties were 
the result of the Maillard reac t ion , i . e . , the heat-catalyzed inter
act i on be tween amino ac ids or proteins and carbohydra te s .  They also 
f ound that reduc tic  acid , maltol , and produc t s  of the amino-sugar 
react ion were effect ive inhibitors of development of WOF in cooked 
ground beef . The antioxidant nature of produc t s  of the Maillard 
reac tion has been di scussed more fully by Ei chner ( 1980 ) . 

Ant ioxidant s No t Te sted in Meat Systems 

F lavonoids (Po lyphenols ) . F lavonoids have s trong ant ioxidant 
properties  and occur widely in the plant kingdom--in frui t s , vege
t ables , leave s ,  and flowers . They exi s t  primari ly in water-soluble 
forms as glycos ide s or est erif ied wi th quinic acid .  They can also 
occur as part of complex li pid s truc ture s . 

Oi l-bearing s eed s contain subs tant ial proportions of  these com
pounds . Extrac t s  of soybeans , for example , have s trong ant ioxidant 
p ropert ies due in large part to a mixture of flavonoid s .  The mos t  
a c t ive component s o f  the mixture are the cinnamic acid derivat ive s of 
chlorogenic acids ( Prat t , 1980 ) . Al though these compounds exi st  in 
the natural state in wa ter-soluble forms , they could eas ily be ren
d ered l i pi d-soluble by the subs t i tut ion of long-chain alcohols or 
fa t t y  acids . 

A number of  chemically pure flavone s have been tested for their  
abi l i ty to re tard the oxida tion of lard . Four of them increase the 
s helf -li f e  of lard by a factor of 4-10 . They are , in order of in
c reasing e f fect ivenes s ,  quercet i n ,  robine t i n ,  myricetin,  and gos sy
petin ( Meht a and Se shadvi , 19 59 ) .  

Wood smoke has been used as a mea t pre servative for centure s .  It 
i s  generally beli eved tha t the obs erved ant ioxidant act ivi ty of wood 
smoke is due to the pre senc e  of polyphenols in the smoke . 

Spice s .  Herbs and spices have traditionally been used as ant i
oxidant s .  In  India , for  example , caps icum ,  onion,  and garlic are 
used in the but t er-like product , ghee , to prolong s tability and in
cre ase pa latabi lity . The anti oxidant activi ty of specific  spices has 
been reviewed by Dugan ( 1980) . 
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CONCLUS IONS AND RECOMMENDAT IONS 

Cure d  meat s  tha t have been cooked or comminuted are highly sus
cep t i bl e  to the deve lopment of ranc i d i ty caused by li pi d  oxidation.  
Ni tri te , at  conc entra t i ons curre nt ly used in cured-meat produc t s , has 
been shown t o  inhi b i t  l i pid oxidat ion in seve ral c ooked-meat prod
uc t s .  The ant ioxidant e f fect  of ni tri t e  is part icularly important i n  
comminut ed produc t s ,  i n  whi ch air  may b e  incorporated during manu
facture , and there i s  some evi denc e  that i t  is more e f fect ive i n  pork 
produc t s  than in chi cken and bee f  produc t s .  Howeve r , the me chanism 
o f ac t i on of ni tr i t e  and the minima l  conc entra t ion requi red in cured 
meat s  to inhibi t  lipid  oxidat ion suf ficient ly for the probable period 
before such produc t s  are consumed are now known . 

Agent s o ther than ni t ri t e  have demons trated ant ioxidant ac t ivi t y 
i n  meat produc t s .  For  example ,  BHT and c i tri c  acid have been re
port ed by several resea rch groups t o  be e f fective in inhi b i t i ng  l i pi d  
oxidation i n  ground bee f . Howeve r , nei ther agent appears t o  be as 
effec t ive as  sodium ni t ri t e  a t  5 0  mg/ kg .  Tocopherols may inhibi t 
li pid oxidation i n  meat from animals fed the se compounds .  Combina
t i ons of TBHQ or BRA wi th EDTA or ci t ri c  acid have been shown to in
hi bit  l i pid oxidat ion in f i sh . Se veral agent s have also been found 
to inhibi t l i pi d  oxidat ion in o ther food sys tem s . 

The Commi t tee makes the following recommendat ions : 

Further work i s  needed t o  define the me chanism( s )  by whi ch ni
tri te  inhi b i t s  li pid oxidation and to determi ne the minimal con
centra t ions of ni t ri t e  that wi l l  produce the neces s a ry inhi b i tion o f  
l i pid oxidation .  Inve s t igations a re also  needed t o  determine whe ther 
the reduc t ions i n  li pid oxidation a chi eved at  lower concentrations of 
ni tri te  are suf f icient t o  preve nt warmed-over f lavor and rancidity 
and t o  guard agains t  the pos sible hea l th hazard s  associated wi th some 
produc t s  of lipid oxidat i on for the probable peri od of produc t s t or
age be f ore consumption.  

Further test ing i n  meat systems--and i n  a vari ety o f  cured-meat 
produc t s--of o ther agent s found t o  inhibi t l i pid oxi dation in meat s  
o r  o ther food systems should be conduc ted before any conc lus ion can 
be drawn conc erni ng the ir applicabi lity as a subs t i tute for ni trit e .  
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CHAPTER 7 

PRODUCT ION OF CURED-MEAT COLOR IN RED-HEAT PRODUCTS 

The bri ght appearanc e  created by the oxymyoglobin in muscle 
t i s s ue o f  f re sh red meat and the reddish-pink hue of denat ured 
ni tro sylmyohemochrome in cured meat produc t s  are attributes  recog
nized by the consumer . Al though the color of  a mea t  produc t doe s no t 
neces sari ly pre d ic t  good texture and f lavor , the shopper appear s to  
make such an associat ion ( Gidding s , 19 7 7a ; Jeremiah et  a l . , 19 7 2 ) .  
Thi s ap parent consumer pre ference for sp ecific  product colors i s  
cri t i cal t o  deli berat ions on the need f o r  ni tri te o r  a n  alt ernat ive . 
Va ri ous que s t i ons need t o  be answere d for i nf ormed dec i s i ons to be 
mad e .  

• To what extent do consumers actually pre fer part icular colors 
in cured produc t s ?  

• To wha t extent i s  such a desire learned , and how rap idly might 
it be i nf luenced by educat ional programs or decreased avail
abi l i t y ?  

• To wha t extent i s  co lor a cue f o r  o ther sensory j udgment s ?  

For an adequate  assessment o f  alternat ives t o  the current use o f  
ni tri te f or color f ixa t i on in cured r e d  meat produc t s , i nf ormat ion o n  
a number of  que s t ions i s  des irabl e . The se i nclud e : 

• What i s  the minimal conc entra tion of ni t r i t e  or other agent 
tha t will produce color , and i s there a dos e-re sponse rela
t i onshi p for the effect?  

• What i s  the mechani sm of color formation,  and to  what extent 
do o ther component s o f  the convent ional cure ( e . g . , salt , 
a scorbate , sucro se)  or process ing treatment s ( e . g . , smoking ) 
contribut e t o  or af fect  the color produced by ni t r i t e  or 
alternat ive s ?  

• Wh a t  fac tors ( e . g . , light , t emperature , and gaseous atmo
sphere ) affect  the s tabi l i t y  of the color formed by current 
n i tr i te cure s ,  by reduced amount s  of ni tr i te , or by alterna
t ive s ?  

Color f ixa t ion wa s the f i r s t  spec i f ic effect  of  ni t r i t e  recog
nized ( Na tional Academy of Sc ience s ,  19 8 1) ,  and the minimal sodium 
nitri t e conc entra tion neces sary for color fixat ion (�4 0-50 mg/ kg ) i s  
often the s t a rting point f o r  devising combinat ions o f  agent s t o  
dupl icate the spectrum of  effects  current ly obt ained wi th higher 
sodium ni t ri t e  concentrat ions ( 1 20-200 mg/ kg ) . Neverthe le s s , very 
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li t t le is known abou t some of the quest ions mentioned above . The 
i nf orma tion that i s  avai lable on nitrite  and possible alterna tive s  i s  
de scribed below . 

CONSUMER PREFERENCES FOR CURED-MEAT COLOR 

Consume r colo r preferenc e s  in cured meat s  have no t been ext en
s ively i nve s t igated . Preference may be d i splayed at  the retail out
let , in some case s whe n the produc t is raw ( a s  wi t h  bacon) , or  on 
consump t ion af ter  cooking . 

DuBose � a l . ( 1 981 ) evaluated the i nf luence o f ham color on  
flavo r ra ting s . When color  wa s concealed , low-ni t r i t e  sample s we re 
given higher ra ting s .  When less  red was perce ived in some sample s ,  a 
lowe r rat i ng wa s given to  cured flavo r .  Thi s " colo r-cui ng " effect  on 
f lavor occurred at concentrat ions o f  ni t ri te lower than tha t current ly 
used t o  cure ham . Howeve r ,  consume r s  gave equa l preferenc e  rat i ng s  
t o  c ooked n i t ri te-c ured and ni t r i te-f ree bacon , e ven t hough t h e  c olor 
d i f ference wa s no t concealed ( Wasserman et al . , 1 9 7 7 ) . A stud y of 
plate wa ste o f  bacon i n  a s t udent d i ni ng hall p roduced a similar 
conclusion : equal amount s o f  ni trit e-cured and ni t r i t e-f ree bacon 
were l e f t  uneaten ( Wil liams and Greene , 1 9 7 9 ) . 

As far  a s  the Commi ttee i s  aware , the re have bee n  no at temp t s  to 
determi ne the s t reng th o f  the putative consumer preference for  the 
t rad i t i ona l color of cure d product s .  Experience s in Norway during 
the re cent reduc t ion i n  t he use o f  nit ri t e could be e valuated t o  shed 
some light on  thi s i s sue ( H �em , 1 9 7 7 ) , bu t socie tal differe nces  need 
to be borne in mind in extrapolating conc lusions to the u . s.  s i tua
tion . 

USE OF NITRITE FOR COLOR F IXATION 

Chemical Aspec t s of the Fo rmation of  Cured-Meat Colo r by Ni t r i te 

The color o f  both f re sh and cured-meat p roduc t s  i s  a t t r i butable 
primarily to the hemoprote i n  pigment , myoglobi n ( Clyde sda le and 
Franc i s , 1 9 71 ; Fox , 1 9 6 6 ; Gi dding s , 1 9 74 ,  1 9 77a , b ; Govindarajan , 
1 9 7 3 ) . Figure 7-1 port ray s the dynamic equil ibrium be twee� t he va ri
ous f orms o f  myoglobin and demons t rates that the color o f  a meat 
p roduc t depend s on  the oxida tion state of the heme i ron in the pig
ment and on the type o f  func t iona l g roup o f  the s i xth ligand o f  the 
i ro n  ( Fox , 1 9 66 ) . The colo r o f  raw o r  f resh mu sc le tissue , such as  
beef o r  pork , is  due t o  the purp lish-red p igment , myog lobin ( Mb) ; the 
brigh t-red pigment , oxymyoglobin ( 02Mb) ; and the brown pigment , 
me tmyog lobi n ( MMb )  ( Clydesda le and Franc i s , 1 9 7 1 ; Re i t h  and Szakaly , 
1 9 6 7a ) . Many factors i nf luence the s t ability o f  the se pigment s 
( Clyde sdale and Franci s ,  1 9 71 ; Fox , 1 966 ; Gidd i ng s , 1 9 7 7a , b) ,  and 
they a re no t s t able when muscle t i ssue i s  heated ( Reit h and S zak&ly , 
1 9 6 7a ) . To obtain a mo re stable red pigme nt i n  heated commerc ial 
meat p roduct s ,  n i t r i t e  is added before heat ing . Bi ochemical reac t ions 
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FIGURE 7-1 . Some of  the po s si ble curi ng react ions tha t  resul t f rom 
the addi tion o f  n i t rite  ( Bard and Townsend , 1 971 ) . 
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in  the meat  reduce the ni trite  to nit ric oxide and the heme iron in 
myoglobin to the ferrous s tate . The interact ion of these two species 
re sult s in  the formation of  nitric  oxide myoglobin ( NOMb) , a bright 
red pigment . When the meat produc t i s  then heated , the protein por
t ion of  NOMb i s  denatured , and a relatively stable pigment , ni tric 
oxide ( nitrosyl ) myohemochrome ( DNOMb) , is  formed ( Clydesdale and 
Franci s ,  1 9 71 ; Fox , 1 966 ; MacDougall et al . , 197 5 ; Rei th and Szakily , 
19 67a ) . Le e and Ca ssens ( 1 9 7 6 )  reportedlthat the amount of nitrogen
I S  from labeled ni t ri te  bound by heated sample s of  myoglobin was twice 
that bound by unheated sample s .  They postulated that the number of  
bindi ng sites  for ni tric  oxide doubled on heati ng .  

The precise sequence of  event s re sulting 
cured-meat  pigment i s  no t fully understood . 
that have been proposed were reviewed by the 
repo rt ( National Academy of  Science s ,  1981 ) . 

in the formation of  the 
The various mechanisms 
Commi t tee in i t s  f i rst  

Because the i somers of  ascorbic acid have been reported to be 
very effec tive in promoting color formation , ascorbate or isoascor
bate i s  usually incorporated into cure formulations to  accelerate the 
development and increase the stabi lity of cured-meat color ( Fox , 
1966 ; Fox e t  al . ,  1 967 ; Wa tts  and Lehmann , 1 9 52 ) . This ef fec t 
resul t s  f rom thei r  reaction wi th ni trite  to give ni tric oxide , which 
in turn reac ts with myog lobin as  described above . 

Numerous factors  influence the rate  and extent of  NOMb formation 
in model and meat systems . Such factors include the type and re la
tive concentrat ions of  exogenous reductant s ( such as  ascorbat e ) , pH , 
the pre sence of  salt and me tal ions , s torage temperature , amount o f  
nitrite  added , tempe rature reached during heating or cooking , exclu
sion of  oxygen duri ng formulation , and the original pigment concen
t ration i n  the mea t ( Acton e t  al . , 1 979 ; Fox et  al . ,  1 96 7 ; Giddey , 
1 9 66 ;  Rei th and S zakily , 1 967a;b; Renerre andlRoug ie , 1 979 ; Siedler 
and Schweigert , 1959 ; Wat t s  and Lehmann , 1952 ; Wei s s � al . , 1 953 ) . 

Once formed , the complex of  myoglobin  and ni tric oxide i s  very 
stable in the absence of  oxygen .  In the presence of  oxyge n ,  which 
rapidly oxidizes  f ree ni tric oxide to nitri te , the stability of  the 
complex i s  limi ted by the ra te of  ni tric oxide dissociation , because 
oxygen does not re act  d i rectly wi th the bound nitric oxide ( Gidding s ,  
197 7a , b ) .  The dissoc iation i s  generally slow , occurring by autoxida
t ion in air  ( Walsh and Ro se , 1 956 ) , oxidation by ni trous ac id ( Walsh 
and Rose , 1 956 ) , lipid pe roxide-induced oxidation (Younathan and 
Watt s ,  1 9 5 9 ) , or  photocatalyzed oxidat ion ( Bailey e t  al . , 1 964 ; Walsh 
and Ro se , 1 956 ) . The underlying principle for all-such mechanisms of 
ni tric oxide-heme d i ssociat ion i s  believed to involve the wi thdrawal 
of elec t ron density  from i ron to po rphyrin , which weakens the Fe-NO 
bond . The nitric  oxide group d i s sociates ,  leaving the iron suscep
t ible to oxidation by the elect ronegative groups pre sent in the 
medium ( Ta rladgi s ,  1 9 62a , b) . Such color loss i s  be lieved to  be 
delayed by the st ronger  reducing condit ions in  the medium ( Bailey et  
al . ,  1 964 ; Li n e t  al . , 1 980 ; Re ith and S zakaly , 1967a ; Tarladgis , 
1962a , b) ,  by the-inco rpo ration of ni t rite at concent rat ions exceeding 
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that o f  Mb ( Rei th and Szakaly , 1 96 7a , b ;  Tarladgis , 1 9 6 2a , b ;  Walsh and 
Rose , 1 9 56 ) , by prevent ion of  exposure to  energy-generating elec
tronic excitation ( e . g . , light ) ( Tarladgi s ,  1962a , b ; Walsh and Rose , 
1 9 56 ) , by re placement of  NO-based curing salt s with ni trogenous 
compound s that  have s t rong elec tron-donor capability ( Siedler and 
Schweigert , 1 959 ; Tarladgi s ,  1962a , b) ,  by eliminat ion of  oxygen dur
ing storage ( Fox , 1 966 ; Rei th and Szakaly , 196 7b)

i 
by use of pack

aging f i lms with low oxygen permeability ( 7 cm3 /m per 24 h per 
ba r )  combined wi th a maximal extent of  initial vacuum ( 687-7 3 7  mm Hg ) 
( Kraf t and Ayre s ,  1 9 54 ;  Li n and Sebranek,  1 9 79 ; Lin et  al . ,  1 980) , o r  
by an increase i n  the p H  of  the product ( Bailey e t  al:,-r964 ; Rei th 
and Sza�ly , 1967a ; Walsh and Ro se , 1956 ) . 

-- --

Various studies  have bee n  conducted to  determine the minimal 
added nitri te nece ssa ry to p roduce cured-meat color in various prod
uct s .  In view of the many factors tha t affect  color  formation and 
stability , i t  i s  not surpri sing that there i s  some d i sagreement among 
studie s .  

Sensory Evaluat ion o f  Ni trite Concent ration Needed 
for  Cured-Meat  Color 

On ly a small fract ion of  the nitrite added to a meat produc t i s  
used for  color fixat ion . Theoret ically , only 3 mg of  sodium ni trite  
per kilogram of  produc t should provide a 50% conversion of Mb to  NOMb 
(MacDougall et  al . , 1 9 7 5 ) . However ,  more is usual ly necessary to 
provide color-s tabi lity , because of  the e f fects  of  the many factors 
ment ioned above , which inf luence the stability of  the ni trosyl hemo
pro tein pigment s ,  and because of the reaction of ni trite wi th other 
meat component s ,  such as sulfhyd ry l and amino groups ( Cassens et  al . , 
1974 ,  1 9 79 ; Woolford and Ca ssens , 1 9 7 7 ) . 

-- --

Kerr et  al . ( 1 926 )  noted that incomplete color formation re sulted 
f rom insuffic ient nitrite  penetration i nto the meat or  f rom unusually 
low myoglobi n concent rations . Thi s i s  exemplified by the fac t that 
the minimal nitri te necessary to  produce the desired color va ries 
wi th the type of  mea t  product , method of  preparatio n ,  and presence of 
reduc tant s , such as ascorbate ( MacDougall et al . ,  1 9 75 ; Sofos et al . ,  
1979 ) . 

-- -- -- --

Using hedonic ( pre ference ) scales , Kemp e t  al . ( 1 974 ,  1 9 7 5 ) , 
Eake s and Blume r ( 1 9 7 5 ) , and Eake s e t  al . ( 1975,-found tha t the 
applicat ion of sodium nitrite  ( at � 2 50IDg/kg ) , potass ium ni trate ( a t  
up to  3 , 300 mg /kg ) , o r  the i r  combination , to  d ry-cured hams re sulted 
in color that wa s ranked more d e si rable ( darker red ) than the 
browni sh-gray observed i n  the sal t- and suga r-t reated ( cont ro l )  
sample . In d ry-c ured hams and pork loins cured wi th sodium nitrite , 
potassium ni t rate , or  bo th at  70-1 60 mg /kg , color was ranked signifi
cant ly more acceptable than that • o f products  "cured " wi th no nitrate 
or ni t rite  ( Eake s and Blume r ,  1 9 7 5 ) . DuBo se et  al . ( 1 9 81 )  reported 
that p ickle-cured , smoked hams ( prepared wi th-sodium ni tri te at  2 5 , 
75 ,  or  1 56  mg /kg ) we re no t significant ly diffe rent from each other in 
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colo r , but the i r  color wa s ranked s igni ficant ly more acceptable than 
that of ni t r i t e-f ree hams . However , B rown e t  al · ( 1 97 4 )  re port ed a 
dif fe renc e i n  color i ntensi ty between pi ckle-cured hams prepared wi th 
sodium n i t r i te at 91 and a t  1 8 2 mg /kg ; the higher concent rat ion 
yielded da rke r colo r .  The color of smoked turkey d rumst icks cured in 
a pickling solution containing n i t ri t e  wa s f ound to be more accept
able than the color o f  the i r  nit rit e-f ree counte rpart s ( Olson e t  al . , 
1 9 7 9 ) . 

- -

In c ompari son wi t h  p ickle- or d ry-cured produc t s , c omminu ted 
mea t s  requi re le s s  ni t ri t e  f o r  color development , because the 
chopping-emul si f ication p rocess i nc reases the avai lable surface a rea 
and improve s the d i s t ribution of ni t ri te . Wasserman and Talley 
( 1 9 72 ) and Hu s tad et al . ( 1 9 7 3 )  re ported gray c o lor  in unsmoked 
f rankfurt e r s  prepa red-without ni t ri t e  in t he cure . Simi lar re sult s 
were f ound i n  t he sensory evaluat ion o f  sa lami s ausage ( Skje lkvale e t  
a l . ,  1 97 4 )  and ThUringer  sausage ( Dethme rs e t  a l . , 1 9 7 5 ) . Hustad e� 

al . ( 1 9 7 3 )  repo r t ed no s ignificant d i fference i n  color among 
f rankfurt e r s  prepared wi th  sodium ni t ri t e  concent ra t ions of  5 0 ,  1 00 ,  
and 1 5 6 mg/kg . The l owe s t  c onc entrat ion o f  ni t ri te u sed wi th smoki ng 
imparted a cha racteri s t i c  colo r . Concent rat ions o f  sodium ni t rite  as 
low as 40 mg /kg re sulted i n  acceptable color in chicken f rankfurters 
( J .  I .  Gray , Mic higan S t a t e  Unive rs i t y , Lansing , per sonal communica
tion ,  1 9 81 ) , i n  bacon ( Pa que t te e t  al . ,  1 9 80 ) , and i n  t urkey f rank
furt e r s  ( Sale s e t  al . , 1 980) , whe reas 50 mg /kg wa s necessary for 
charac teri st ic c olor t o  appear in a beef-p ork bo logna produc t ( Li n  
and Sebrane k ,  1 9 7 9 )  and i n  ThUringer  sausage ( Dethme rs e t  al . ,  
1 9 7 5 ) . In gene ral , a s  t he amount o f  added ni t r i t e  i s  increased , 
color acceptabi l i t y  o f  p roduc t s  inc rea ses and the product s '  colo r ,  as  
ind icated by Hunter c o lor value s ,  become s more red and less  yellow 
( Sales et al . , 1 980 ; Sebranek e t  a l . , 1 9 7 7 ) .  

In gene ral , the u se o f  low c oncent rations o f  sodium n i t r i t e ( �50 
mg /kg ) can provide  the characteri s t i c  pink col o r  of cured meat s .  The 
use o f  a l t ernat ive antimi crobial agent s , such a s  sorbate , o r  add i
t i ona l p roce s s i ng , such a s  i rrad iat ion , doe s not appea r to  interfere 
wi th t he colori ng proper t i e s  o f  ni trite . For example , Wierbicki and 
col league s sought t he lowe s t  nit ri te concent rat ions  tha t  would 
promote deve lopment o f  acceptable c o lor i n  a vari e ty o f  irrad iated 
meat s .  The concent rations we re : bacon , 20 mg /kg ; corned bee f  and 
frankfurters , 50  mg /kg ; and ham , 2 5  mg/kg . Howeve r ,  ham a l so 
requi red t he addi t i on of  ni t rate ( 2 5 mg /kg ) t o  achieve s table color 
(Wierbicki and Brynj o l f s son , 1 9 7 9 ) . 

TE STING OF COMPOUNDS FOR PRODUCTION OF CURED-MEAT COLOR 

There a re re lat ively f ew re por t s  o f  a t tempt s  t o  f i nd c ompound s or 
p roce sse s  that mimi c the selec t i ve color " f ixi ng " effec t of nit rite  
in the  musc le t i s sue o f  cured meat s .  Va ri ous pat ent s have been f i led 
on such compound s and proce s se s  ( Table 7-1 ) , bu t none ha s been 
adopted by the i ndustry . Kemp ( 1 9 7 4 )  c i ted the earlier work o f  
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TABLE 7-1 

Patent s Grant ed f o r  Meat Colori ng Ef f ec t s  

Agent or Proce s s  

Nicot inic ac id 

Imidazole 

Ascorbi c ac id plus one o f : 
�-aminobenzo ic acid ( PABA ) 

�-aminobenzoic ac id ( MABA) 
i sonicot inic acid 
N-e thyl nicotinamide 

Te t razole ( 1 , 2 , 3 , 5-te t razole
NHN : NCH : N ) , a queous at pH 4 . 5-6 . 3  

Mixtu re o f  pho sphate s and sulfat e , 
sulf ite , o r  hyposulf ite  

Ni t ric oxide p lus an  e ne-d iol 
or  a diketone reduci ng agent 
in pre sence of i ron or i ron 
salt 

Cre ation of reduc ing envi ronment 
causing myoglobi n-to-myochrome 
conve r s ion , which could be comple
mented wi th nonmusc le pigment s 
( e . g . , be tami n,  ery thro s ine-red 
No .  3B , or rhodamine B )  

Carboxyhemoglobi n ( porc ine ) 
add i t ion t o  p roduc t 

Pa tent 

Can . 980 , 5 79 

Br . 1 , 1 7 3 , 446  

u .s.  3 , 597 , 2 3 6  

Br . 1 , 2 51 , 644 
Can .  8 86 , 51 5  

Ja . 10986 / 7 2  

u .s .  3 7 , 7 80 , 1 9 2 

Roc zniki Ins t i tututu 
Pre smyslu Miesnego 
9 ( 2 ) 4 3-7 7 ( 1 9 7 2 ) 

Br . 1 ,  2 9 4 , 41 5 
( 1 9 7 2 ) 
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TABLE 7 -2 

Some Compound s Id en t i f ied as  Potent ial  Subs t i tute s 
for Ni t ri te i n  Cu red-Meat Co lor Produc t ions 

Ni cot ini c Aci d 
Ni co t inamide 
Hexylni cot ina t e  
Me thylnico t i nate  
Pyridine 
Te t razole 
Purine s 
Pyrimid ine s  
Pentaerythri tol-

t e t ranic o t inate 

&Fr om Kemp , 1 9 74 .  

Imidazole 
Py razi ne 
Triazine 
Ni cot i ni c  acid  

hyd roxamate 
2-Me thy l imidazole 
N , N , -dime thyl--

nico t i nami de 
Trigonelline 
Pe ntae ry thri tol 

Brown ' s g roup , which had part ial success  i n  dupl icat ing cured-mea t 
color wi th  t he compound s l i s ted i n  Table 7-2 . Dymicky e t  a l . ( 1 9 7 5 )  
c i ted other early s t ud ies  on the problem . 

-- --

The mo s t  extensi ve and sy stematic  sea rche s for colo r-p roducing 
agent s have be en c onduc t ed by Dymicky e t  a l . ( 1 9 7 5 )  and under t he 
au spice s o f  t he Osca r Mayer Company , Mad ison , Wi scons i n  ( P .  Roehrig , 
1 980 , personal c ommunicat ion) . Both g rou ps  used a hea t-p roces sed 
mea t sys tem and tes ted a wid e  va riety of compound s .  In the Oscar 
Mayer s tudy ( d e sc ri bed more f ully i n  Ta bl e 7-3 ) , 18 of 639 chemicals 
tested formed a pink color i n  pork under  the expe rimental  cond i t ions 
used . These compound s a re l i sted in Ta ble 7-3 . 

In the s tudy by Dymi c ky e t  al . ( 1 9 7 5 ) , f rankf urter or  a d i luted 
f rankf urt er emul sion s lurry was�sed , a nd selected c ompound s f rom a 
va ri e t y  of  chemical cla s s e s  we re tested for  colo r-p roduc i ng abi l i ty 
af ter heat proce ssing at  700C .  Those most e f fect ive i n  produc ing 
t he desired stable pink colo r we re pyridine derivat ive s  o r  re lated 
compound s ,  f or example , 3-acylpyridine s , quinoline , pyra zine , and 
imidazole .  

Kanner and Juven ( 1 980)  reported that n i t ri te and S-n i t ro so
cyste ine , a compound generat ed from nitri t e  duri ng curing , produced 
s imilar p i nk c olor in t urkey meat when used at concent ra t ions of 
0 . 3 6 ,  0 . 7 3 ,  and 1 . 4 5 mM ( 1  mM S-ni t rosocysteine • 1 8 7  mg /kg ; 1 mM 
sod ium ni t r i t e  • 69 mg /kg ) .  The ant iclostridial e f fec t s  of this  
compound a re d i scus sed in  Chapter 4 . 
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TABLE 7 -3 

Compounds Tha t Produce a Pi nk Co lor i n  He ated Po rka 

Carbon monoxide 
Indazole 
Cup ferron 
Amyl nicot inate 
3-Benzoylpyridine 
3-Bromopyridine 
Butyl nico t i nate 
!, N-Diet hylnicot i namide 
4-Dime thylaminopyridine 
Di-2-pyridyl ketone oxime 
N-Ethylnico t i namide 
Et hylnicotinate 
Hexylnicotinate 
Isonicoti na te 
Me thylni cot i na te 
�-Propylnico t i na te 
Pyrazine 
2-Pyridinealdoxime 

8S tudy c onduc ted by the Oscar Mayer Company , Mad i son , Wi scons i n ,  
und e r  the followi ng expe rimental cond i t ions : Fresh postrigor pork 
was c o l lected f rom p roduc t ion and ground twice through a 3-mm-pore
diame ter  plate . Sodium chlorid e and sodium ascorbat e  were added t o  
the g round meat t o  achi eve f inal concent rations o f  20 , 000 and 
550 mg /kg , re spec t i ve l y ; 1 g and 0 . 1 g o f  the chemical to  be evalu
ated were added to 1 00-g samp l e s  of meat . Af ter  mixing , the meat 
was placed i n  3 8  x 300-mm t e s t  tube s and hea ted i n  a water bath 
at  8 20 C for 3 b .  Samples were eva luated by vi sual observation a t  
0 . 5-h interval s .  
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Info rmation on nonabsorbabl e f ood colo ring agent s wa s supplied to 
the Commi t t ee ( Furia , 1 9 7 7 ; N .  M .  We inshenker , 1 9 81 , Dynapol ,  Pa lo Al to , 
Ca l i f orni a , pe rsona l communication) . The se agent s and other s , such as 
f ood d yes and na turally occurri ng pigment s ( e . g . , be talines ) , impart a 
genera lized color t o  produc t s  and may have appl icat ion in fine l y  commi
nuted ( emul s i f ied ) or  o ther produc t s  i n  which s e lect ive muscle-t i s sue 
color  fixation i s  no t e s sent ial . 

Smoking has l ong been used a s  a me thod o f  preservi ng and imparting 
surfac e  colo r and flavo r to  a variety o f  cured and uncured produc t s  
( Ho llenbeck , 1 9 7 7 ) . Generat ion o f  " smoke " may s imul taneously produce 
ni t rogen oxide s  ( i nclud i ng ni t ric oxide ) ,  whi ch are avai labl e for  
i nvolvement i n  reac t ions that  p roduce the ni t rosyl hemopigment s ,  a s  do 
ni t ri t e  reac t i on s . Smoki ng may thus be regarded as an al ternative means 
of p roducing cured-meat c olor , but t he mechani sm by which this  occurs 
and the toxicologic  implicat ions have no t been t ho roughly evaluated . 

CONCLUS IONS AND RE COMMENDATIONS 

The s t reng th o f  the putat ive c onsumer pre ference f o r  the t raditional 
pink-red color in  cured prod uc t s  ha s no t been adequately inve s t igated . 
Al though c onsumer preference c ould probably be mod i f ied , t o  what d egree 
i s  unknown . 

Invest igation o f  c o lo r  d i sc riminabi lity i n  va rious cured p roduc t s  by 
analy tic  sensory panels  and acceptance-prefe rence test s by represent a
t ive c onsumers should be accorded high p ri ori ty . Recent experi ences in 
Norway wi th reduc t ion i n  ni t r i t e  add i t ion might usefully be examined in 
this  regard , but societal d i fferences need t o  be borne i n  mind i n  
ext rapola t i ng conc l usions t o  the u .s .  si tuation . 

The data suggest that an adequa tely s t able uniform cu red-meat 
color  can be achieved in mo s t  cured produc t s  wi th sodium ni trite  added 
at ap proximately 50 mg /kg . Ot her than the use of reduced concentrations 
of ni t rit e , no suitable means of fixi ng color in cured meat s ha s been 
d emonst rated to be e f fec tive i n  produc t s  made under c ommerc ial cond i
t ions . 

Re search d i rected t o  f inding alternat ive s t o  nitrite  f or color f ixa
t ion should focus on agent s that could confer  color selec tively  to the 
musc le t i s sue o f  cured meat s .  Inve stigation o f  the potential o f  f ood 
colo r s  and nonabsorbabl e  colo ri ng agent s to replace ni trite  in some 
produc t s , such as f rankfurt ers , may be warranted , but it should no t be 
accorded hi gh p riori ty . 

The compound s shown t o  be e f fect ive i n  produc ing cured-meat c o lor in  
model meat sys tems should be evaluated i n  mea t  produc t s  by chemical  and 
sensory test ing . I f  satisfac tory re sults are o btained , their t oxic 
cha racteri s t i c s  should be evaluated as  outl ined in Chapt er  1 0  bef ore 
they a re t e st ed on  a commercial scale . 
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The Committee recommend s t hat studies be conducted to determine t he 
exte n t  t o  whi ch ni t rogen oxide s f rom " smoke " cont ribute t o  color in 
produc t s  that d o  not contain nitrite . 
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CHAPTER 8 

METHODS TO REDUCE NITROSAMINE FORMATION IN CURED MEATS 

Under appropriate conditions ,  nit rite  can reac t wi th nit rosatable 
amino compound s to form N-nitroso c ompounds . Ni trosation reactions 
can occur in the environment o r in the body . Because of  the ability  
of most  ni trosamine& that have been tested thus far to  induce cancer 
in laboratory animal s ,  exposure to  these chemicals  is considered to 
present a potential cancer risk to humans . Thus , it is  desirable t o  
reduce human exposure t o  these compound s .  

In i t s  f irst report , the Commi t tee estimated that the average u . s. 
nonsmoker is exposed to  approximately 3 � g of N-nit roso compound s per 
day . Of this amount , � 1 . 7  � g comes from exogenous sources ( e . g . , food , 
cosmetic s ,  and alcoholic beverage s )  and �l . l  � g  i s  formed endogenously .  
Thus , the most effect ive means o f  reducing ri sks associated wi th expo
sure to N-ni troso compound s would decrea se their  formation exogenously 
and endogenously . Unfortunately , l ittle is known about factors influ
enci ng the endogenous synthesi s of  these compound s ( National Academy 
of Sciences ,  1 9 81 ) ; thus , this chapter pre sents evidence only on 
method s that reduce exogenous formation o f  N-nitroso compound s .  How
ever , i t  i s  possible that methods developed t o  decrease ni t rosation 
react ions in vi t ro may be effective in vivo as well . 

The f ood items of  major concern with re spect to  the exogenous for
mat ion of  ni t rosamine s ,  a class  of N-nitroso compound s ,  are cured meat  
product s ,  especially bacon . Ni trosopyrrolidine ( NPYR) and , t o  a 
lesser extent , ni t rosodimethylamine ( NDMA) are the two nit rosamine&  
i solated most frequently from this  product ( Gray and Randall , 1 9 7 9 ; 
Pensabene e t  al . , 1 97 4 ,  1 98 0 ;  Sen et  al . , 1 9 7 9 ) , whe re NPYR i s  found 
almost invariably in cooked , but not raw,  bacon . The concentrat ion of  
NPYR in cooked bacon depend s on such factors as  the method of cooking , 
frying temperature and t ime , nitrite concentration , ascorbate concen
tration ,  preprocessi ng procedure s , lean-to-adipose ti ssue ratio , 
pre sence o f  lipophilic inhi bitors , and ,  possibly , smoking ( Gray and 
Randall , 1 9 7 9 ) . 

Most of  the s tudie s on ni t rosamine formation in meat have been 
conduc ted in pickl e-cured bacon .  Two recent invest igations , howeve r ,  
have indicated the presence o f  high concentrations of  NPYR i n  dry
cured bacon after f rying . NPYR concentrations rangi ng from 3 9  to  89 
�g/kg ( Pe nsabene � al . ,  1 9 7 9 )  and from t races to 320 �g/kg ( Ni trite 
Safety Counci l ,  1 98 0 )  have been reported . Other d ry-cured products  in 
which nitrosamines have been detected inc lude dry-c ured hams and 
shoulder s ( Ni t rite  Safe ty Counci l ,  1 980) . As was the case with  bacon , 
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ni t ro samine s we re detected only in sample s tha t had been f ried . 
S t udies  o f  o ther c ured meat produc t s  have i ndicated t hat , although 
ni t ro samine s may be detected , they a re usually present a t  ve ry low 
c oncentrations (< 1 � g /kg ) ( Gough e t  al . ,  1 9 78 ;  Ni t ri t e  Safety Counc i l , 
1 98 0 ;  Sen e t  a l . , 1 9 7 9 ) . 

-- --

Thus , the f ollowi ng d i scuss ion emphasizes s tud ie s that  have shown 
a reduc t ion i n  ni t ro samine f o rmation i n  bacon .  Howeve r ,  because 
ni t r i t e  pre sent in o ther cured meat s may pa rt icipate  i n  ni t rosat ion 
reac t ions in vivo , method s similar to tho se desc ri bed f o r  reduc i ng the 
n i t rosamine-c ontent o f  bacon may , i n  the future , be applied t o  o the r 
ni t ri t e-containi ng produc t s  a s  wel l .  

There a re two general approache s t o  reduc ing ni trosamine f o rma
tion i n  mea t  produc t s  to whi ch nit ri t e  i s  added . One i s  to  eliminate 
or re duce nitri te i n  the p roduct . ( Vi rtually all  the alternat ive s 
di scus sed i n  previou s chap t e r s  of thi s repo rt a re bei ng inve s t igated 
primari ly as a me ans t o  reduce the nitrite  content of cured meat s  and 
thu s reduce ni t rosamine f o rmation . )  The impac t o f  the reduc t ion of 
ni t rite  concentrat ions on the f ormat ion o f  nitro samine s i n  cured meat s 
i s  di scussed i n  thi s chap te r .  The o ther approach i s  t o  ad d a n  inhi b
i tor o f  n i t ro sat ion react ions t o  t he produc t duri ng i t s  p rocessing . 
The Commi ttee  ha s reviewed available data on the inhi bi t ion of ni t ro s
amine f o rma t ion i n  c ured meat s and o the r med ia and a summary o f  these 
data appea r s  lat e r  i n  thi s chap te r .  

Al though the pa tent l i te rature contains seve ral add it ional method s 
tha t have been proposed t o  reduc e ni t rosamine formation ( Kelly , 1 9 74 ) , 
many o f the se--i nc lud ing p roposals t o  re place the sodium nitrite  wi th 
butylni t ri t e  duri ng the curi ng of bacon ( Bharucha et al . , 1 9 7 6 )  or to 
u se a two-s tep curi ng process i nvolving sodium nitrite  in the f i rst  
s t e p  and sodium metabi sulfi t e  i n  the second step ( Coleman e t  al . ,  
1 9 75 ) --have not been s t udied i n  depth and a re not i nc luded�n-our 
d i scussion . 

One o ther method o f  reduc ing ni t rosamine format ion i n  d ry-c ured 
bacon ha s bee n  repo rte d  by Bailey ( 1 980) . He found tha t the addi tion 
o f  1-2% dextrose t o  the curing m ixtu re reduced the concent ration of 
NPYR formed . Thi s f inding indicate s tha t furthe r study o f  t he effec t  
o f  c ure f ormulat ion and o the r f ac tors i n  the proce ssing o f  d ry-c ured 
p roduc t s  on ni t rosamine f o rmation may suggest  othe r po ssible me thod s 
o f  reduc ing t he amount s of  the se c ompound s i n  such p roduc t s .  

EFFECT OF REDUCED NITRITE CONCENTRATIONS 

The e f f e c t s  o f  various amount s o f  nitrite  on the formation o f  NPYR 
duri ng the cooki ng of  bacon have been studied by Sen and Donaldson 
( 1 9 7 4 ) , who u sed bac on samples pre pared wi th nitrite  a t  0 ,  50, 100 , 
1 5 0 ,  and 2 00 mg /kg .  The se authors demons t rated tha t the amount s  of  
NPYR f ormed i n  f ri ed bacon i nc reased as  the nitrite  concent ra t ion 
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increa sed . The amount s of NPYR produced correlated wel l  wi t h  t he 
init ial  c onc ent ra t i on ,  but  not  the f inal ( re sidual ) c onc ent ra t i on of  
ni t ri t e  ( analyzed bef o re f rying ) . Her ri ng ( 1 9 7 3 )  also showed tha t  
inc reasing the ni tri te c oncent ra t ion markedly i nc rea sed NPYR f orma t ion 
( Tabl e 8-1 ) .  

TABLE 8-1 

Effec t o f  Added Sodi um Ni t ri t e  on Format ion of 
Ni tro sopyrrolidine ( NPYR) Du ri ng Cooking o f  Bacona 

NPYR Concent rat ion , �g /kg , Aft er Addi t ion 
of  Sodium Ni tri te 2 ms/ks 2 At : 

Samp le and Cooking 
Me thod 0 15  30  60 120 140 

Bacon 
Pa n-f ried 0 0 5 10 14 24 
Ove n-fried 0 0 0 6 6 14  
Mi c rowave-c ooked 0 0 4 3 5 2 

h t  cookou t 
Pa n-f ried 0 0 10 10 26  30  
Ove n-f ried 0 0 4 6 15 14 
Mi c rowave-c ooked 0 0 4 5 12 1 6  

aTa ble adap ted f rom He rri ng ( 1 9 7 3 ) , with permi ss ion . 

Al t hough these stud ie s  sugge sted tha t  the i ni t ial , and no t the 
re s idual , n i t r i te c onc ent rat ion i nf luences  n i t ro samine f ormat ion i n  
baco n ,  recent evidence ind icat e s  tha t t he lowe s t  residua l  ni t ri t e  
lead s t o  the least n i t ro samine f ormat ion ( Dudley , 1 9 7 9 ; Se branek , 
19 7 9 ) . 

Because re s idual ni t r i t e  concent ration depend s  on  the init ial 
concent ration (as wel l  a s  other fac tors ,  such as  dura t ion and tempe r
ature o f  s torage ) , the u .s.  De partme nt o f  Ag r i culture ( 1 9 7 8 )  recom
mend ed tha t the i ni tial  concent rat ion o f  sodium ni t ri t e  i n  bacon be 
reduced from 1 56 t o  1 20 mg /kg . S imi larly , i n  Canada ,  the concent ra
tion of ni t ri t e  to be used in the p reparation of side bacon ha s been 
reduced f rom 200 t o  1 50 mg /kg--calculated before any smoking , c ook
i ng ,  o r  f e rmentat i o n  ( Gray , 1 9 7 6 ) . Pe riod ic surveillanc e  ove r the 

Copyright © Nat ional Academy of Sciences. Al l  r ights reserved.

Alternat ives to the Current Use of Nitr i te in Foods:  Part  2 of  a 2-Part  Study
http: / /www.nap.edu/catalog.php?record_id=19635

http://www.nap.edu/catalog.php?record_id=19635


8-6 

la s t  few year s  has sugge sted tha t  the concent ration of ni t rosamine& 
in bacon has been s t eadily decreasing in bo th the United S tates  
( Bave ry e t  a l . , 1 97 8 ;  Table 8-2 ) and Canada ( Sen e t  a l . , 1 97 7 ) .  The 
t rend t owar�lowe r  NPYR c onc ent ra t i ons i n  cooked bacon i s  partially 
explained by t he use o f  reduced amount s of  ni t ri t e  and i nc reased 
amount s of  the n i t ro sation i nhi bi tor , a scorbate , in the bacon�curi ng 
mixture ( Bave ry .!!. al . , 1 9 7 8 ) . 

TABLE 8-2 

Concentrat ions o f  NPYR in CoDDDe rc ial u . s. Cooked Bacona 

Concen t rat ion 2 �s/ks 2 b;l: Brandb 

Yea r A B c D E F G H I 

19 71 100 77 73  
1 9 7 2  1 1 0  20 , 1 3 , 2 4 1 00 9 5  2 5  
1 9 73 3 4  5 8 , 3 6  2 5  39 29 8 6 , 7 9  2 5  
1 9 74  1 7  1 4 , 8 7 1 0  2 9 96  45 , 1 3 38 
1 9 7 5  1 8  5 12 19  17 65 1 3 , 10 12 
1 9 7 6  1 8  2 5  3 2 3  7 33 6 21 
1 9 7 7  2 9  14 5 5 1 2 75  10  

aAdap ted from Havery e t  al . ,  1 9 78 .  
bRi ne brand s  o f  baconiPurcha sed a t  various t ime s i n  1 9 71-1 9 7 7  i n  a 

Washi ngton , D . c .  retail  marke t . Some concent ra tions have been 
rounded t o  two s ignif icant f igure s . 

Combina t i ons of  nit ri t e  a t  lowe r concent ra tions and an ant i
m icrobial agent a t  c onc ent ra t ions suffic ient t o  i nhibit microbial 
prol iferation have been inve s t igated t o  determine the i r  effec t on 
ni t rosamine f ormat ion . Fo r example , Ro bach et al . ( 1 980) i nve s t i
gated the effec t o f  va rious concent ra t ions o�sodium ni t ri t e  and 
potassium sorbate on ni t ro samine format ion i n  commerc ially prepared 
baco n .  Bacon p rocessed wi th ni t ri t e  at 40 mg/kg and 0 . 26% sorbate 
contained NPYR at an average of 8 . 7 � g/kg , whereas samples prepared 
wi th ni t ri te at 120  mg /kg contained NPYR at an ave rage of  2 8 . 1  
�g /kg . Th i s  marked reduc t ion i n  NPYR i s  probably due t o  the 
reduc tion in ni trite , although it ha s been reported that sorbic ac id 
a l so has an i nhi bi tory e ffect  on n i t ro sat ion reac t ions ( Tanaka et 
a l . ,  1 9 7 8 ) . 

-

9 
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EFFECT OF NITRO SATION INHIBITORS 

The formation of nitrosamine&  can be reduced o r  eliminated by the 
pre sence of chemicals  that reduce dini t rogen trioxide ( N203 ) ,  the 
nit rosati ng specie s ,  t o  the nonni t rosating ni t ric oxide ( NO ) . They 
inc lude thiols , sulfur d ioxide , bisulfite , ascorbic acid ( vi tamin 
C) , a-tocopherol ( vitamin E ) ,  gallic acid , and other synthetic  and 
natural antioxidant s . Da ta on the effect iveness of these agent s in 
vit ro and in � have been reviewed by Douglass !!. al . ( 1 9 7 8 ) . 

-

The effectiveness  of  an inhibitor depends  on the concentrat ion of  
nit rite , the concentration of  inhibi tor  (which must be  g reate r  than 
that of  nit ri te ) , the concentration of the nitrosatable amine , the 
ease of  ni t rosat ion o f  the amino subst rate , and various reaction con
ditions , such a s  pH , temperature , and the medium in which t he reac
tion take s place . In the case of ni t rosation react ions taki ng place 
in cured meat s ( e specially bacon) , t he following characteri stics a re 
thought t o  be essential for  an effective inhibitor : solubility  in 
lipid s ,  nonvolatility i n  steam , and s tabi li ty at t emperatures up to 
1 7 40C ( Bharucha et  al . ,  1 9 79 ) . These conclusions a re based on the 
observation that-nitrosamine formation occurs prima rily in  the lipid 
phase during the f rying o f  bacon . Of the nitro sat ion inhibitors 
listed above , several have been tested in  cured meat s ( primarily 
bacon) , including ascorbic acid , a-t ocopherol , and o ther antioxidant s .  

Ascorbic Aci d  

Ascorbic acid has  been shown to  be  an excellent inhibitor of  
ni t ro sation reactions , particularly in  weakly acidic conditions 
(Mi rvish et  al . ,  1 9 7 2 ) .  In the chemical reaction , ni trite is reduced 
to ni tric-oxide ( NO) , and ascorbic acid i s  oxidized to dehyd ro
ascorbic acid ( Reaction 2 and Fi gure 8-1 ) . The a scorbate anion a l so 
reac t s wi th N203 (Mi rvish ,  1 9 81 ;  Reac tion 3 ) . Thus , amines ( Reac
tion 4 )  and ascorbic ac id compete d i rectly for  the ni trosating species 
( N20 3 ) • 

2HN02 > N203 + H20 
( ni t rous acid ) 

C6H,06 + N203 
(ascorbate) 

R2NH + N203 _
k
_3_�) R2NNO + HN02 

( seconda ry amine )  ( ni t rosamine )  

( 1 )  

( 2 )  

( 3 )  

( 4 )  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

A l t e r n a t i v e s  t o  t h e  C u r r e n t  U s e  o f  N i t r i t e  i n  F o o d s :   P a r t  2  o f  a  2 - P a r t  S t u d y
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 6 3 5
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FIGURE 8-1 . Reac tion  o f  ascorbi c ac i d  wi th nitrit e .  

Ac cord ing t o  Dahn � a l . ( 1 9 60) , t he a scorbate anion reac t s  with 
N20 3 a p proximately 2 30 t ime s f a s t e r  t han a scorbic acid , p re sumably 
as a re sul t  of i t s  greater nuc leophi lic  activity . At a pH o f  3-5 , the 
anion p redominates  and i t s  reac t ion wi th n i t ri te i s  so rapid that f or
mat ion of N203 i s  rate-l imi ting . 

The p ropert ies and u t ility  o f  a scorbic ac id a s  an i nhibi tor o f  
ni t ro samine f o rmation have been we l l  desc ribed in the l i t e rature 
( Arche r e t  a l . ,  1 9 7 5 ; Gray and Dugan , 1 9 75 ; Kamm e t  al . ,  1 9 7 3 ,  1 9 7 5 ,  
1 9 7 7 ; Me rgens e t  al . , 1 9 7 8 ; Mi rvish , 1 981 ; Newmarl:and Mergens ,  
1 981 ) . Ascorbic ac id , sodium a scorbate , e rythorbic ac id , and sodium 
e rythorbate  have bee n  added  to cured mea t s  for many year s ,  primarily 
t o  improve their color  c ha rac t e ri st i c s  ( Bard and Townsend , 1 9 71) . 
Af t e r  the initial  repo r t  tha t a scorbate  may reduc e ni t ro samine 
f orma t ion i n  nonfood systems ( Mi rvish e t  al . ,  1 9 7 2 ) ,  Fiddler e t  a l . 
( 1 9 7 3 )  showed tha t  f rankfurt e r s p repared wi th ascorbi c ac id at:5 50 or 
5 , 500 mg /kg and nitrite  a t  1 , 500 mg/kg and processed for 2 h had no 
NDMA present . Sample s made wi th  ni tri te  alone contained approximately 
10 P g /kg o f  NDMA . Brown e t  a l . ( 1 9 7 4 )  reported t hat hams t reated with 
sodium ascorbate  had lower-re sidua l nit ri t e  than non-a sco rbat e-t reated 
hams , sugges t ing that t he me chani sm o f  ni t ro samine i nhibi t ion was 
through the reac t ion o f  asco r ba t e  wi th ni t ri t e .  

The e f fec t o f  i nc reasing t he amount o f  a scorbic ac id o n  NPYR f o r
ma tion i n  baco n  ha s also been extensively stud ied ( He rring , 1 9 7 3 ) . 
Bacon c ontaining sodium a scorbate  a t  1 , 000 mg/kg did  no t p roduce any 
NPYR on f rying . Dec reasi ng the amount o f  a scorba t e  t o  2 50 and 0 mg /kg 
inc reased the amounts  o f  NPYR formed . Mot t ram e t  al . ( 1 9 7 5 )  inve s t i
gated t he inf luenc e of ascorbi c ac id and pH on formation o f  NDMA in 
cured p ork c ontaining added d ime thylamine ( 0 . 1% ) . Heating o f  the 
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cure d pork re sulted in formation of small  amount s of NDMA i n  the lean 
and c ons iderably highe r amount s i n  t he f a t  port ions o f  the meat . 
Howe ve r , the lowe s t  amount s  o f  NDMA we re found i n  the bacon containi ng 
a scorbate . 

The re cognit ion that a scorbate i s  an e f fec t ive i nhibi tor o f  n i t ros
amine formation i n  mea t s  has led t o  the regulat ion tha t  all  bacon be 
processed wi th a scorbate or e ry thorbate a t  5 50 mg /kg ( U . S .  Department 
of Ag riculture , 1 9 7 8 ) . 

Howeve r ,  c ompound s o f  a scorbi c  acid a re not comple t e ly successful 
i n  bacon a s  inhi bitor s , because o f  the i r  low solubi l i t y  i n  lipid s , and 
stud ie s  of the e f fect of seve ral a scorbates  on ni t rosamine format ion 
in a mod e l  sy stem resembli ng bacon f a t  revealed tha t a scorba t e  could 
inc rease n i t rosamine f o rmat ion under  some c ond it ions ( Mot tram , 1 9 7 6 ; 
Mot t ram and Pa t te r son , 1 9 7 7 ) . In the s e  studie s ,  t he ni t ro sation o f  
d ipropylamine and pyrrolidine wa s examined in a two-pha se system 
compo sed o f  an aqueou s buf f e r  and a nonpolar solvent . Cont ra ry to 
previous re sul t s  with purely aqueous systems , sodium a scorba te 
inc reased ni t rosation by a fac t o r  of 5 -2 5 ,  compared wi th  a scorbate
f ree c ont rols . Li pophi lic a scorbyl palmi tate , howeve r ,  reduced n i t ros
amine f o rmat ion i n  thi s mod e l  system . 

Ascorby l  palmi tate has a l so been f ound ( Bharucha e t  al . ,  1 980 ; Sen 
et  a l . , 1 9 7 6 )  t o  be mo re effect ive than sodium a sco rbate:fn reduci ng  
nitrosamine format ion i n  f ried bacon . As corbyl  palmi tate u sed a t  
5 00-1 , 000 mg /kg reduced ni t ro samine format ion i n  bac on by 7 0-90% , com
pared with sample s wi thou t added i nhibitor ; howeve r ,  this  c ompound 
become s le s s  ac tive wi t h  increased storage time ( Bharucha !! al . ,  
1 980) . 

The long-chain acetals o f  a scorbic acid ( dodecana l , C1 2 ; t e t ra
decana l  C1 4 ; hexadecanal , C1 6 ; octadecanal , C1 8 ; and 9-oc ta-
decanal , C1 8> s t reaked on bacon slices  a t  1 , 000 mg /kg have also been 
repo rted t o  be effective , bringing about a 93-98% reduc tion i n  ni t ros
amine s p re sent in the c ooked-out fat  ( Bharucha et al . ,  1 980 ) . Unl ike 
ascorbyl  palmitate , the long-cha i n  acetal s re ta in the i r  ac t i vi t i e s  
( 9 0% i nhi bi t i on o f  n i t rosami ne f o rmat ion) for at least 3 5  d a t  30 C 
i f  applied to bacon a t  1 , 000 mg /kg ( Bharucha e t  al . , 1 980 ) . The se 
c ompound s have not been subj ec ted t o  toxicologiclte s t ing and a re no t 
app ro ved f o r  use  i n  food sy stems . 

n-Tocophero l 

a -Tocophe ro l , the major f o rm  o f  vi tamin E ,  ha s been s hown t o  be an 
effec t i ve ni t rosation inhi bi t o r  i n  chemical system s  ( Kamm et al . ,  
1 9 7 7 ; Me rg ens e t  al . ,  1 9 7 8 ) ; mechani sms o f  i t s  a c t ivity are-d i scus sed 
in Chapter  4 o�the Commi t tee ' s  f i r s t  report . It also ha s the advan
tage o ve r  ascorbate of being soluble in l i pids , and it i s  e s pecially 

Copyright © National Academy of Sciences. All rights reserved.

Alternatives to the Current Use of Nitrite in Foods:  Part 2 of a 2-Part Study
http://www.nap.edu/catalog.php?record_id=19635

http://www.nap.edu/catalog.php?record_id=19635


8-10 

applicable for  use  in meat  sys tems . As ment ioned in  the  preced i ng  
sec t ion , l ipids c a n  act  s imultaneously a s  ready solvent s f o r  the 
unprot onated f re e-ba se amino subs t rate  and the ni t rou s  anhyd ride 
( N203 ) • Du ri ng the f ry ing of bacon , re sidual nitri te pre sent in 
the aqueous phase i s dehydra ted to yield N203 and is driven i nto 
the fat laye r s  whe re ni t ro sat ion occur s . 

a-Tocopherol f unc tions a s  a blocking agent through i t s  abi l i ty t o  
reduc e ni t rit e . Duri ng thi s react io n ,  the tocophe rol i s  oxidi zed t o  a 
quinone ( Figure 8-2 ) .  a-Tocopherol does not have unsubs t i tuted c arbon 
atoms in the phenolic ring , so i t  canno t form C-ni t roso de rivat ives 
that might p romote t ransni t rosat ion . Howeve r ,"i - ,  Y - , and <5 -t ocopherols 
have unsubst ituted po si tions i n  the pheno l ri ng and a re no t a s  effec
t ive a s  a-t ocopherol i n  i nhi bit i ng  n i t rosat ion ( Mi rvi sh , 1 981 ; Newmark 
and Mergens , 1 9 81 ) . 

.. 

FIGURE 8 -2 . React ion o f  a-t oc ophe ro l wi th ni tri te . 

+ NO + ou-

Evidenc e tha t  a-tocophero l i s  effec t i ve in meat come s f rom 
s tudi e s  o f  the i nhibi tion o f  NPYR f ormat ion i n  f ried bacon ( Fiddler 
e t  a l . , 1 9 7 8 ) . A signi f icant reduc tion of  ni t ro samine concent ra tion 
WisCfetec ted when a-t ocopherol wa s u sed a t  2 50-500 mg /kg . 

Because a -tocophe ro l  i s  no t soluble in the aqueou s cure mixture , 
spec ial me thod s t o  i nc rease solu bility a re re quired i f  the agent i s  
to  be applied a s  pa rt of  the cure . Fiddler et  a l . ( 1 9 7 8 )  used 
polysorbate emulsif iers in the cure to o btain adequate d i st ribut ion 
of a-tocophe ro l in the produc t . a -Tocopherol  can also be effec t i vely 
d i spersed throughout the produc t during the f rying o f  bacon ; there
f o re , it  may be appl ied t o  bacon by sprayi ng or d ipping (Me rgens and 
Newmark , 1 9 7 9 )  or by f ry ing i n  f a t  cont aining a-tocopherol (Wal ters 
.!! al . ,  1 9 7 6 ) . 
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Red dy and Gray ( persona l  communication , 1 9 81 )  succes sfully 
reduced NPYR f ormat ion i n  d ry-c ured bacon wi th a- t ocophe rol-t reated 
sal t  sys t ems . Prelimina ry resul t s  i nd icated an ave rage inhi bi t ion of 
96% o f  NPYR f ormat ion in pork bellies  cured wi th the add i t ion of 
a -tocophe rol a t  5 00 mg /kg . 

a -Tocopherol , added in suff icient concent ra t ions t o  i nhibi t 
ni t ro samine f ormation t o  bacon containi ng a scorbate  a t  550  mg /kg ,  
appa rently d oe s  not i nterf ere with t he antibotulinal ac tivi ty of 
ni t ri t e  in tes t s  conducted sho rt ly ( 1-10 d) aft e r  processing ( Reddy 
and Gray , personal c ommuni cat ion , 1 9 81 ; Tanaka , 1 9 80) . 

Othe r Agent s 

Po lyphe nolic compound s , such as  gallic acid , and s imple phenols 
can func t i on as  inhi bi tors of ni t rosamine formation under some con
di t ions . The i nhi bit ion i s  due to the interac tion of phenols and 
ni t r i t e , whi ch re sult s  in ei the r the f o rmation of C-ni t rosophenol s 
or , i n  the c ase o f  polypheno l s , t he reduc t ion of ni t r i t e  t o  ni tric  
oxide . In the lat t e r  reac t io n ,  the phenols  a re oxidi z ed t o  quinone s  
( Challi s ,  1 9 7 3 ; Mi rvi sh ,  1 9 81 ) . Pi gnatelli e t  a l . ( 1 9 80)  have shown 
tha t 1 , 2- and 1 , 4-dihyd roxyphenol s ( i nc ludi ng-naturally occurri ng 
f l avono l s )  i nhibi t  n i t ro samine f ormat ion a t  a pH of  4 . 0  ( Figure 
8 -3 ) . Howeve r ,  1 , 3-di hyd roxypheno l s  ( e . g . , re sorcino l )  a re powe rful 
cataly s t s  under  s imilar c ond i t ions ( Pi gnatelli et a l . ,  1 980 ) . The 
cataly s i s  by 1 , 3-dihyd roxypheno l s  i s  probably d� tO  t he rapid  forma
tion of a n i t roso i ntermediate t hat  i nterac t s  wi th more d ini t rogen 
t rioxide to gene rate a powe rful ni t rosating age nt ( Figure 8-3) . 

Seve ral sulfur compound s can a l so f unc tion a s  i nhibi tors . Sod ium 
bi sul f i t e  ha s been extensive ly stud ied , and i t s  effec t i vene s s  at a 
l ow pH has been f ound t o  equal t hat o f  ascorbic acid and a -t ocophe rol 
( Mi rvi s h , 1 9 7 5 ) . At a pH of  1-4 , bisul f i t e  reduc e s  ni t r i t e  i n  two 
s t e p s  ( Hi sa t sune , 1 9 61 ) --f irst t o  ni t ri c  oxide ( Reac tion 5 )  and then 
t o  ni t rous ac id ( Reac t ion 6 ) . 

S 02 + 2HN02 � 2NO + H2s o4 

S02 + 2NO + H20 � N20 + H2so4 

( 5 )  

( 6 ) 

Thiol s ,  such a s  cysteine and gluta thione ,  that a re present in  
meat can reduce acidif ied n i t r i t e  t o  ni t ri c  oxide through the  f o rma
tion o f  ni t ri t e  t hioe ster s . The se int e rac tions may inhi bi t  the 
forma t ion of N-n i t roso c ompound s .  Howeve r ,  thioni t ri te  e st e r s  a re 
stable above a pH of  7 and i n  l ipophilic media ( Davi e s !! al . , 1 9 7 8 ) , 
a nd t hey may p romote , rather than i nhibi t ,  the f ormation of  ni t ros
amine & und e r  such cond i t ion s . 

A number o f  ant ioxidant s have been t e s ted i n  cured mea t s  o r  model  
sys t em s  for  the i r  abi lity  to  inhi bi t ni t rosation react ion s ,  i nc ludi ng 
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FIGURE 8-3 . Mechani sm whe re by pheno l s  can ei the r  inhi bi t ( t op ) or 
i nc rease ( bottom)  n i t rosat ion ( Mi rvi sh ,  1 9 81 ) . For 
simpl ici ty ,  bo th reac tions a re shown for the same 
phenol , c a techol . Reprinted by permi ssion from Mi rvi sh , 
1 9 81 . Inhi bi t ion of  f o rmation o f  carcinogenic B-ni t roso 
compound s by a scorbic acid and o the r c ompound s . Pp . 
5 5 7-587  in J .  H . Bu rchenal and H .  F .  Oe ttgen , ed s . 
Ca ncer : Achievement s ,  Challenges , and Pro spec t s  f o r  the 
1 980s . Grune and S t ra t t o n ,  New Yor k .  
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propy l gallate ,  ethoxyqui n ,  butylated hyd roxyani sole ( BRA ) , and butylated 
hydroxytoluene ( BHT ) . Sen et al . ( 1 9 7 6 )  reported decreased ni t rosamine c on
cent rat ions i n  bacon tha t  had bee n  t reated wi th  propyl galla t e  immediately 
before f rying . E thoxyquin wa s s hown t o  i nhibi t  NPYR f o rmat ion i n  a model 
sys t em composed o f  proline-ni t r i t e  mixture s i n  methano l ( Coleman , 1 9 7 8 ) . 
Ad d i t ional s t ud i e s  o f  these agent s i n  a s imulated gastric e nvi ronment revealed 
a lac k  o f  correlation be tween genera l ant ioxidant e f ficacy and abi l i t y  to 
reac t wi th n i t r i te ( i . e . , i nhibit ni t rosat ion) . Fo r example , BRA and BHT , 
both e f f ec t i ve l ipid ant ioxidant s ,  are ve ry poor  ni t rosat ion inhi bi tors 
(Mergens a nd Newmark , 1 980) . 

A summary o f  the activi t ie s  o f  va rious ni t rosat ion i nhi bi tors i n  f ried 
bacon i s  g i ven i n  Table 8-3 . 

TABLE 8-3 

Effec t s  o f  Various Agent s on Ni t rosami ne 
Fo rmat ion in Fried Bacon 

Concen t ration , 
Compound �mMg�/k�g�------
Ascorbic  ac id 1 , 000 

Asc orby l  
pa lmi ta te  

Asc orbi c ac id 
acetal  

Pro pyl gallate 

a-Tocophe ro l 

1 , 000 
5 00-1 , 000 

1 , 000 

1 , 000 

500 

5 00 

Inhi bi t ion , % 
Fri ed Bacon Co oked-Ou t Fa t  

1 00 

59-878 

62 -88 

80 

8 5  

7 0-90 

90-98 

Re ference 

Greenbe rg , 1 9 7 4  

S en e t  al . ,  1 9 7 6  
Bha ruchae t  al . ,  

1 980 
-- -

Bharuc ha .!!. al . ,  
1 9 80 

Sen e t  al . ,  1 9 7 6  

Fiddler e t  al . ,  
1 9 78 

- -

Me rgens and 
Newmark , 1 9 7 9  

8Analyses conduc ted o n  c ombined bacon and c ooked-out f a t  extrac t s . 
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CONCLU SIONS AND RECOMMENDATIONS 

Two gene ral approaches exi s t  f o r  reduc ing the c oncent rat ions o f  
ni t ro samine & i n  cured meat s ,  pa rt icularly bacon . One me thod t ha t  ha s 
been p roposed i s  t o  reduce n i t ri te add i t ion t o  approximately 5 0  mg /kg 
( fo r  color devel opment ) and includ e effect ive concent ra t ions of an 
ant imic robial agent , s uch as sorbate . Another a pproach i s  to i ncor
pora t e  ni t rosa tion inhibito r s , such a s  ascorbi c ac id and a-tocopherol , 
i nto cured-meat p roduc t s  that contain the u sual concent rat ion o f  
sodium ni t ri t e . 

Bo th approache s ap pear to  be ef f ec t ive in reduc ing nitro samine 
formation in cured meat s , e specially bacon . Reduced concent rat ions 
o f  n i t ri t e  i n  combinat ion wi th t he ant imic robial agent , so rbate , have 
bee n  shown to be effec t i ve i n  prevent i ng botulinal toxi n p roduc tion 
( s ee Chap ter 4 ) , a s  we ll a s  in reduc ing the concent ra t ion o f  ni tros
amine & . 

Of the n i t rosat ion i nhibi t ors , only two have been s t ud ied ext en
sively in mea t  p roduc t s--a scorbic ac id and a-tocophe ro l . Bo th a re 
e ffect ive i n  reduc ing n i t ro samine f o rmation .  As corbic acid i s  
current ly added t o  variou s cured meat s , inc luding bacon . Although 
a-t ocophero l i s  c urrent ly not added to cured meat s ,  a pe t i t ion to 
pe rmi t such add ition i s  bei ng cons ide red by the FDA ( Hof fmann-La 
Roche , Inc . ,  1 9 7 9 ) . Because o f  t he i r  c omplementary solubility  
( a scorba t e  i n  aqueou s , tocopherol i n  lipid i c  med ia ) , i t  i s  likely 
that a c ombi na t ion of  a sco rbate and a -t ocopherol i n  ni t ri t e-contain
i ng cured mea t s  would provide effec t i ve protec tion agains t the 
exogenous f o rma t ion o f  nit rosami ne s . Te sting c onduc ted shortly after  
p roce s s i ng ha s shown no impai rment o f  the ant ibotulinal ac t ivi t y  of  
nitrite  by thi s c ombinat ion . However , i t  i s  no t c lear whe the r  such 
impa i rment would occur aft e r  inc reased storage , whe n re s idua l ni t rite 
ha s decreased . 

The Commi t t ee recommend s that furthe r  wo rk be undert aken to  
ensure tha t the amount o f  a scorba t e  and a-t ocopherol added to  cured 
mea t s  do not s ignif icant ly impair the ant ibotul inal ac tivi ty o f  
ni t ri t e , e specially a f t e r  increased storage t ime s . 

Because humans a re expo sed to  N-n i t roso compound s f o rmed exogen
ously i n  the envi ronment and endogenously i n  the body , the mo s t  
e ffec t ive means o f  reduc ing ri sks a s sociated wi th expo sure to  these 
compound s woul d  be to decrea se exposure s f rom bo th exogenou s and 
endogenous sources . Howeve r , l i t t le i s  known about the factors 
inf luenci ng endogenou s  f o rmation o f  N-ni t ro so compound s . Thu s ,  the 
e f fec t o f i ncorporating nitrosation inhi bi tors i nto cured meat s othe r 
tha n bacon on endogenou s formation o f  N-ni t roso compound s i s  unknown 
and such i ncorporation does no t now appear to be wa rranted . 
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The Commi t t e e  rei te rate s a recommendation made i n  i t s  f i r s t  
re port ( National Academy o f  Science s ,  1 981 ) : 

The commit t ee recommend s tha t  furthe r  re sea rch be 
conducted t o  s tudy inhi bi t ion and c atalys i s  o f  ni t ro sa
t ion react ions in vivo , specif ically to determine the 
amount o f  ni t rite that i s  d e s t royed i n  the human 
s tomach and t he extent to whi ch ni t ro sation reactions 
are modified by the various i nhi bi tors . At tent ion 
should al so be di rected towa rd interac tions among 
inhi bi tors , c atalys t s , a nd o t he r  food-d erived 
subs tance s .  
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CHAPTER 9 

THE EFFECTS OF ALTERNATIVES TO NITRITE ON FLAVOR 

The question o f  replacement o f  nitrite i n  the generation o f  cured
mea t  flavor can be ap proached through bot h  chemica l studies  and 
sensory e valuat ions . As compounds i n  cured meats  a re ident i fied , 
e specially those  resulting from nitri t e  use , there i s  a tendency to  
smell or  t aste them , to  see whether they might be  the source of  
cured-mea t flavo r .  Thi s ap proach ha s some l imi ta tions . 

Cu red-meat f lavor i s  most  l ikely t o  be produced by volatile com
pound s and appreciated by the sense o f  smell . Although we typically 
speak of  " t ast ing" f lavors ,  smell  is in reality  the sense most  
involved i n  the  ident i f icat ion of  f lavor s (Mozell  e t  a l . , 19 69) . By 
taste , we perce ive relat ively f ew qualit ies--sweetnes� saltiness , 
sourness , and bitt erne s s  are the only qualitie s universally accepted 
as  related e xclus ively t o  taste . By the sense of  smell , however ,  we 
perce ive such a comple x array  o f  quali t i e s  tha t there i s  no t even a 
universally a ccepted c las s i ficat ion s cheme ( Ca i n ,  19 78) . When f ood 
i s  placed in  the mouth , volatile s ris e  i n  the rea r of the oral cavi ty  
t o  t he o lfactory mucosa; when we  eat , the sense of  smell is  e f fec
tively  stimulated . 

The sense o f  smell appears t o  process a t  least some a roma mix
ture s in  a manne r ca lled "synthetic . " A mixture o f  two a roma s can 
produce an a roma that  i s  perceived as quali tat ively d i st inct from the 
aroma s of  the component s ( Amerine et  al . , 196 5 ,  pp . 14 7-148) . Thus , 
cured-meat " f lavor" could be an a romacharacteri s t ic o f  a specific  
mixture of  vola t i le s  emit ted by  nitrit e-cured meat , and a compound
by-c ompound s earch might miss  such an a roma . 

The Commi t tee i n  i t s  f irs t report evaluated chemica l aspect s of  
cured-meat f lavor f ormat ion and the contri bution o f  nitrite t o  i t .  
It  concluded tha t cure d-mea t flavo r i s  probably  a compos i t e  sensat ion 
derived from the contri but ions o f  many odori ferous compounds . A 
pos i t ive cont ri bution by ni t ri t e  t o  f lavo r canno t be  specified in  
chemical t erms , but  f or t he reasons d i scussed above t he i nabi lity t o  
d o  thi s doe s no t necessarily prove tha t none exi s t s . Ni tri t e  prob
ably i nf luences the f lavor o f  cured meats  by vi rtue o f  i ts antioxi
dant effect s ( Chapter  6) . Howeve r ,  the Committee wa s unable t o  find 
any suggestions o f  compounds that had been promoted a s  alternatives 
t o  ni t ri t e  on the ground s tha t they  produce  the same profile  of  
f lavor-c onferring chemicals a s  ni trite i n  cured meat s .  

Thus , thi s chapter  focuses  primarily  o n  the evaluation  o f  t he 
f lavor o f  produc t s  containing a l ternat ives t o  nitri te t hat were 
ident ified a s  mos t  promi sing in earlier chapters  dealing wi t h  the 
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o the r effect s of ni tri t e  ( i . e . , ant imicrobial , ant ioxidant , and color
fixing ) . In addit ion, the contribution of  nitrite  t o  the f lavor o f  
various cured-mea t product s i s  als o reviewed . 

ME THODS FOR COMPARING ALTERNATIVES WITH CONVENTIONAL 
NITRI TE CURING 

Sensory evaluat ion o f  t he f lavor contribution o f  a lternatives to  
ni trite  can be  used t o  asse s s  whethe r conventiona l ni tri t e  curing and 
an a lternative t reatment yield the same sensory propert ies . Hedonic 
( preference ) testi ng--anothe r type o f  sensory evaluat ion--can be used 
t o  a ssess the palatabi lity  o r  acceptance of  an a lternat ive .  The 
former crit erion is the more stringent of the two . 

Di scriminat ive method s (which measure the ability t o  detect 
flavo r difference s )  and descriptive method s (whi ch measure particular 
sensory a ttributes) can both provide useful i nformat ion. Di scrimi
native me thod s include the classic  triangle tes t commonl y used in 
sensory evaluations o f  food products : a subject i s  g iven t hree 
sample s ,  two of whi ch are identical , and i s  asked to choose  the odd 
one; above-chance choice behavior demonstrates that there i s  a sen
sory difference , bu t doe s no t ident ify  i t . In de script ive method s ,  
part icular a t tributes ( e . g . , cured-meat f lavor) are ident if ied , and 
subject s are asked t o  classi f y  sample s on the basi s of  the magni tude 
of an ident ified a t tri bute o r  a sked to scale i t s magni tude i n  a 
variety  o f  sample s .  The scaling procedure can use an ordinal 
approach ( samples a re o rdered according t o  magni tude o f  the a t tr i
bute ) , an  interva l ap proach ( sample s are  scored  according t o  
magnitude based on  pre scribed scales) , o r  a rat io approach ( t he 
magnitude  of  the at tribut e i n  each sample  i s  measured ) .  

Because t he f lavor contribut ion of  nitrite d epends on the nature 
of  the mea t product , comparison s  using the s e  method s mus t be made for 
each product i f  they a re to be useful . 

In discussing the flavo r effec t s  o f  nitrite  and alternat ive s , 
some o ther i ssues a re worthy of  ment ion : 

• Pane l Selection.  Pane l s  used in  the sensory evaluat ion of 
food s d i f fer  in  t heir fami liari ty with test  procedures , in t heir  
experience wi th  food s , and possibly i n  senso ry abi lity . Consumer 
panels a re made up of  consumers with no special t raining beyond the 
specif i c  ins truct ions required by the task.  Trained  pane l members 
receive special t raining with food samples and may a lso be t ested t o  
ensure tha t the i r  sensory abilities  mee t some standard . Training 
might involve tast ing a variety of nitrite-cured meat s ,  to  gain 
fami liarity  wi th the a t tribute s of  cured-mea t flavor .  Such training 
often i nvolves group d i scussions to  develop descriptive t erms t hat 
can be adopted by al l partic ipant s .  A person who consistent ly 
d isagrees with the majority or who cannot perce ive a t tributes 
generally agreed on is likely  to  be eliminated from such a pane l .  
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Expert  pane l s  tend t o  be composed of persons wi th extensive experi
ence in tasting the food produc ts of i ntere st ( Amerine et al . ,  1 965 , 
pp . 2 7 5-3 20) . Obviously , the type of pane l used wil l  influence the 
re sults . 

• Individual Differences and the Search for  Cu red-Meat Flavo r .  
Ident ical food sample s do no t have the same flavors in  the judgment 
of all  persons ( Amoore , 1 9 7 7 ; Bartoshuk , 1 9 79 ) . Thi s  variat ion i n  
sensory pe rcept ion may cont ribute to  the variability  observed in 
sensory s tudie s of  cured-meat flavor .  Chemosensory sensit ivi ty must  
influence studies  o f  the abi lity  to  di scriminate nitrite-cured 
samples f rom t hose produced wi th alternatives . If insensi t ive 
persons a re routinely eliminated f rom t rained or expe rt panels , these 
panels  could be expected to  detect d i fferences more reliably than 
would a random sample of the populat ion . Thi s i s  one reason why 
panel re sult s  do no t always predict consumer behavior . 

• Cont ributions to  Cured-Meat Flavor by Factors  Other  Than 
Ni t rite . In some products , cured-meat f lavor can be produced by 
sodium chloride alone ( Greene and Price , 1 9 7 5 ; MacDougal l  e t  al . ,  
1 9 7 5 ; Wasserman e t  al . ,  1 9 7 7 ; Wi lliams and Greene , 1 9 7 9 ) . -rn-some 
product s ,  smoki nS:o�t he meat  also plays an important role in 
cured-meat flavor (Wasserman and Ta lley , 1 9 7 2 ) . The generation of 
smoke may result  in  the simultaneous generation of  nit rogen oxides ,  
which can i nf luence color and f lavor i n  the f inal produc t i n  a manner 
simi lar to  that of  added nit rite . The extent of  such react ions i s  
not known . Because of  the many variables in  the types of  meat pro
duct s and processing , and because addition of othe r  f lavoring agent s ,  
such a s  spices , may vary among produc t types , the cont ribut ion of  
ni trite  to  cured-meat flavor varies  from one product to  anothe r .  
Thus , the cont ri but ion of  a l ternat ive processing me thod s t o  f lavor  
mus t  be  examined i n  each product . 

THE ROLE OF NITRITE IN CURED-MEAT FLAVOR : A PRODUCT-BY-PRODUCT 
EVALUATION 

Ni tri te has been found to cont ribut e to flavor i n  some produc t s ,  
and f o r  others  i t  has been shown that  ni trite  i s  not necessary for 
characteri st ic flavor . In cases other than those noted be low,  i t i s  
no t possible to  conclude wi th certainty whether  nit ri te  makes a 
cont ri bution . However , in ham-based produc t s , a contribut ion s imilar 
to that in  ham could be inferred . 

Bacon 

Bacon with an acceptable flavor can be prepared wi thout nitri te . 
In studies  wi th unt rained paneli st s ,  Huhtanen et  al . ( 1 9 8 1 )  and 
Wasserman e t  al . ( 1 9 7 7 )  found no d if ference be tween preference for  
nit rit e-f ree and ni t rit e-cured bacon . These  result s were supported 
by Williams and Greene ( 1 9 7 9 ) , who found no difference be tween 
ni t rit e-free and nit ri t e-cured bacon in the amount s lef t on plate s by 
breakfasting student s .  
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Paquette  et  a l .  ( 1980)  varied the amount o f  sodium ni trite  in 
bacon s amples�om 0 to 120 mg/kg . Samples containing nitrite  had a 
significant l y  more desirable flavo r than did  nitrite-free sample s ;  
however ,  t here was no s ignificant d i fference i n  desirability  among 
sample s wi th ni tri te  a t  different concentrat ions . Although the 
nitri te-f ree bacon had a less  desirable f lavor than the nitri te-cured 
bacon , i t  wa s s t i l l  acceptable . 

Both nitri te-f ree and nitrite-cured bacon samples i n  the s tud ies 
cited above containe d sod ium chloride . Kimoto et al . ( 19 7 6a , b) 
reported that sod ium chloride i s  more important�han nitrite t o  t he 
flavor o f  bacon produced i n  the Uni ted States . The importance of 
s odium chloride was a lso d emonstrated by MacDougall  et a l .  ( 19 75)  in 
studie s  of English ( Wilt shire ) bacon . They compared-rh;-flavo r of 
sodium chloride-free and nitri te-f ree bacon with that of  bacon cured 
wi th variou s amount s of ni trite . Sod ium chloride-free sample s had 
a lmost  no "bacon" f lavor ,  but salted , nitrite-f ree bacon d id have 
"bacon" flavo r .  

Frankfurt ers 

During the preparat ion of  frankfurters , salt and ni trite  a re 
added t o  mea t emulsions with spices , sugars , and seasonings . Often ,  
these products  a re a lso smoked . 

Wa sserman and Ta l ley ( 19 72) demonstrated that smoking i s  an i� 
portant det erminant of  the flavo r associated wi th frankfurters . 
Their panelists  g ave equivalent rat ings o f  such f lavor t o  nitrite
free and ni tri t e-cured  sample s whe n bot h  were smoked . Unsmoked 
nitri te-cured frankfurt ers had more " frankfurt er" f lavor than 
unsmoked ni trit e-free frankfurte rs . 

S imon e t  a l . ( 1 9 7 3) f ound that all-beef frankfurters with no 
ni trite or�it11 various concentrat ions of nitrit e  were judged to have 
equivalent f lavor q uality ,  whereas the f lavor quality o f  half-pork, 
hal f-bee f frankfurters  varied directly  with ni tri t e  content . 

The contri bution o f  s odium chloride t o  the f lavor o f  f rankfurt ers 
ha s no t been  evaluated . Howeve r ,  Greene and Price ( 19 7 5 )  found that  
salt  was the  ma jor contributor t o  cured-meat f lavor in  samples of  
ground pork , wherea s sodium ni trit e alone (at  200  mg /kg ) produced 
very l ittle cured-meat f lavor .  

Ham 

Brown e t  al ( 1 9 74) , MacDo nald e t  al . ( 1980) , and DuBo se e t  al . 
( 19 8 1 )  conf irmed the re sult s of Greene-and Price ( 19 7 5 )  tha t-sod ium 
chloride can produce cured f lavor .  Fo r  example , MacDonald et  al .  
showed tha t "ni trite-free"  ham samples containing salt had asl ight 
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cured-ham flavo r .  Thi s explains finding s  tha t acceptable count ry
style hams ( i . e . , d ry-cured hams) can be produced wi thout nitrite  
( Eake s and Blumer , 19 7 5 ; Eakes .!!_ al . , 197 5 ; Kemp e t  al . , 19 7 4 ) . 

Ni tri te  d oes  make a contribution t o  cured f lavor  i n  p ickle-cured 
hams . Ma cDonald e t  al . ( 1980 ) cure d hams wi th sod ium ni tri t e  a t  5 0 ,  
200, and 5 00 mg/kg;-i�addit ion t o  s odium chloride . Their  lowest  
ni tri t e  addi t io n  was suff icient t o  produce a s igni ficant increase  in  
cured-meat f lavor ,  c ompared with that  of  samples containing only 
sodium chloride . It  is l ikely tha t nitri t e  als o  contribute s to the 
f lavor o f  haurbased produc t s .  

THE EFFECTS OF ALTERNATIVE PROCESSING METHODS O N  CURED-MEAT FLAVOR 

In the product s  i n  which nitrite  d oes not contribute s ignifi
cant ly t o  flavo r ( e . g . , bacon and some frankfurters ) , the major  
f lavor a ssessment required will  probably be t o  ensure that  an 
antimicrobia l alternative to  nitri t e  doe s not introduce undesirable 
f lavors . In product s  i n  which nitri te d oes  contribute t o  f lavor 
(e . g . , ham) , alternat ive s t o  ni tri t e  may no t produce the typical 
flavor. In this  case , hedonic tes ting by representat ive consumers 
can be used to compare the acceptabilities  of  a conventiona l product 
and t he same product prepared with an a l ternat ive .  

Potassium Sorbat e-Sod ium Ni trite  Combination i n  Bacon 

A combination of potassium sorbate  at 2 , 600 mg /kg and sodium 
nitrite  a t  40  mg/kg has been tested a s  an alternat ive t o  s od ium 
ni trite  a t  12 0 mg /kg ( current ly i n  use ) i n  bacon . Paquette  e t  a l . 
( 1 9 80) u sed a nine-point hedonic s cale and consumer panels  to- -
evaluate  the des irabil i t y  o f  the colo r , appearance , texture , and 
f lavor--a s  wel l  a s  t he overall desirabi lity--o f bacons prepared under 
norma l commercial  conditions  and stored at  4°C fo r variou s  period s 
( 7- 6 3  d )  a f ter s li cing and vacuum packaging . Bacons containing 
potassium sorbate  at  2 , 600 mg /kg and sodium nitri t e  a t  4 0  o r  8 0  mg /kg 
were judged t o  be a s  desirable a s  bacon containing s odium nitrite  a t  
12 0 mg /kg and n o  potas sium sorbate . N o  adverse effect s of  testing 
were noted . 

Be rry and Blumer ( 1 9 81 )  used an e ight-point s cale t o  evaluate t he 
intens i ty  o f  a varie t y  o f  sensory a t tribute s produced by smelling , 
tasting , and chewing bacon s amples from four product ion plant s .  They 
found tha t the bacon prepared wi t h  potassium sorba t e  at 2 , 600 mg /kg 
plus s odium nitrite  a t  4 0  mg/kg produced an a roma d uring f rying 
different from that of  conventiona l  bacon  and a "chemica l "  flavor 
during t as t ing . In addi t ion ,  s ome panel ists  report ed a " prickly" 
mout h  feeling from some o f  the sorbate-ni tri t e  bacons . Howeve r ,  a 
later s tudy ( Ro bach and Ad am , 1 9 80) was unable t o  conf i rm  t hat  s uch 
report s were due t o  the presence o f  sorbate .  
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The result s  of Paquette  et al . ( 1980) and Berry and Blumer ( 1981 ) 
provide an example  of  the difference between hedonic and sensory 
procedure s .  The data of Berry and Blumer ( 19 81 ) show that panelists  
are able to perceive differences in  f lavor between conventionally 
cured bacon and bacon processed wi th a sorbate-ni trite  combination , 
but the data of  Pa quette e t  al . ( 1 980) lead to the conclusion that - -
the two bacons are equally des irabl e .  Thi s highlights  the need for 
both kind s  of  testing . The sensory data could be taken by themselves 
to imply that bacon processed wi th sorbate-ni trite  i s  less des irable 
than conventionally cured bacon. The hedonic data could be taken by 
themselves to imply that the bacons are ident ical . Nei ther conclu
s ion i s  warranted . The available data suggest that bacon processed 
wi th potassium sorbate at 2 , 600 mg/ kg and sodium ni t rite at 4 0  mg/ kg 
does not have the same f lavor as bacon cured wi th nitri te at 1 20 
mg/kg ; however , the flavors are equally des irable .  

Lactic-Ac id-Producing Organisms in Bacon and Country-Style Ham 

The effects  of the addit ion of lactic-acid-producing organisms on 
the sensory properties  of  bacon were examined by asking subjects  to 
rate the magnitude of the difference between contro l bacon ( prepared 
wi th sodium ni t rite  a t  1 20 mg/ kg ) and experimental bacons (prepared 
wi th sodium nitri te at 40 or 120 mg/ kg and inoculated with Lacto
bacillus plantarum or Streptococcus faecali s ) .  Subject s were also 
a sked to  scale the intens ity of  the smokiness , saltiness ,  and off
flavor and to  scale their  overall preference for each bacon. The 
bacons were judged to be s imilar with regard to all measures except 
salt ines s :  the experimental bacons tended to be les s salty than the 
contro l bacon ( E . Traisman, Food Research Inst itute , Universi ty of 
Wi sconsi n , personal communicat ion ,  1981) . 

The effec ts  of lactic-acid-producing organisms on the sensory 
propert ies of  country-style hams were evaluated by asking trained 
panel members to judge a variety of attributes ( e . g . , salt iness , aged 
flavor , color , and bitternes s ) of ham slices  f rom conventionally 
cured hams that had and had not been inoculated with Pediococcus 
cerevisiae ( Ba rtholomew and Blumer , 197 7 ) . The hams were judged to 
be simi lar  in flavor a t tri butes . 

Sodium Hypopho sphi te in  Bacon 

Data supplied to the Commi t t ee ( J . J. Powers , University of 
Georgia , Atlanta , personal  communicat ion , 1981 ) suggest that bacon 
proces sed with sodium chloride and sodium hypophosphite a t  3, 000 
mg/ kg and bacon processed wi th sodium chloride , sodium hypophosphite 
at  1 , 000 mg/kg , and sodium nitri te at  40 mg/ kg are j udged to have 
flavor that i s  as des i rable a s  tha t of convent ionally processed 
bacon . Inc identally , bacon processed wi th sod ium chloride alone was 
included as  a control  and was judged to have flavor as  des i rable as 
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tha t of the o ther bacons . Thi s corroborate s the studie s  cited  above 
that concluded t hat acceptable bacon c an be prepared with sodium 
chloride alone . 

Me thylfumarate i n  Bacon 

Da ta suppl ied by Huhtanen ( U . S .  Department of Agriculture Ea stern 
Regiona l  Resea rch Laboratory , persona l  communicat ion , 1981 ) on 
sensory evaluat ion sugge st  that bacon t reated wi th me thylfumarate a t  
1 , 250 mg /kg canno t be d i s t ingui shed from control (convent iona l )  
bacon. In addi t ion, hedonic scores  f o r  methylfumarate-t reated bacon 
and convent iona l baco n were equivalent . 

Ir radiat ion and Reduced Ni tri te in  Ham , Co rned Beef , and Bacon 

In a series of s tud ies , Wierbicki and colleagues systematically 
reduced the amount s o f  sodium ni tri t e  added t o  a variety  of irra
d iated meat products , t o  determine the minimal amount o f  s odium 
ni tri t e  necessary t o  produc e conventiona l  colo r and flavo r .  The i r  
hedonic evaluations u sed a nine-point scale t o  assess  t he accepta
bi l i t ie s  of  the odors  and flavors  o f  convent iona l product s and those 
produced with reduced ni tri te and i rrad iation.  In add i t ion ,  a 
nine-point  hedoni c scal e wa s used t o  measure the overal l preferences  
for the  vari ous produc t s .  

Ham with characterist ic  f lavor and odor can b e  produced wi th 
reduced sod ium ni tri t e  ( 2 5  mg /kg ) and irrad iat i on .  Howeve r ,  some 
nitrate mus t  also be added t o  produce shelf-s table color ( Wierbicki 
and Brynjolfsson , 197 9 ;  Wierbicki and Heiligman , 1974 ; Wierbicki e t  
a l . , 1 9 7 7) . The minimal s odium nitrate content i s  2 5  mg/kg 
(Wi erbi cki and Brynjolfs son , 19 7 9 ) . 

In i rradiated c orned beef , nitri te can be reduced t o  50  mg/kg and 
s t il l resul t in  an  acceptabl e produc t (Wierbi cki  and Brynjolfsson , 
1 9 79 ; Wierbicki � �· ·  1 9 7 7) . 

In i rrad iated bacon , n i trite  can be reduced t o  20 mg/kg and s t i l l  
resul t in  an acceptable product . Irrad iated bacon wi t h  n o  ni tri t e  
was a l s o  acceptable , but i ts overall preference s core was s igni f i
cantly  lower than that of  bacon containing sod ium ni tri t e  a t  20 
mg/kg . The preference t est ing f or specific  a t tributes ( color,  odor , 
and flavo r )  showed tha t only colo r wa s s ignificant l y  improved when 
nitrite  was added ( Wierbicki and He iligman , 1 980) . Th i s  agrees with 
the above conclus ion tha t ni tri te  i s  no t nece ssary t o  produce typical 
"bacod' f lavor.  

It s hould be noted that t he nitri te concentrat ions in t hese i rra
diated product s  we re set  on the basi s o f  sensory characteri st i c s . 
The nitrite  content o f  i rrad iated meats  could be reduced t o  zero i f  
other me thod s could be used t o  produce desirable sensory prope rties . 
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CONCLUSIONS AND RECOMMENDATIONS 

Whether nitrite  contributes t o  the characteri stic  f lavor o f  all  
cured product s  ha s no t been  determined . A contri but ion ha s been 
demons trated f or p ickle-cured ham ( a nd thus is probable in ham-based 
product s) . Acceptable dry-cured ham , bacon , and frankfurters  (of  
s ome t ypes) can  be  prepared without nitrite . Informat ion is  i nsuf fi
cient t o  conclud e whethe r  ni tri t e  make s a contribut io n t o  the flavor 
o f  o ther products . Because smoking o f  meat may i nfluence i ts f lavor 
i n  a manne r similar t o  ni trite , the contribut ion o f  smoking t o  the 
flavor of cured meat products  should be invest igated further.  

Sensory evaluations of bacon containing the sorba te-ni tri te  com
bination and that c ontaining l actic-ac id-producing o rgani sms and low 
ni tri t e  have indicated tha t these product s are acceptable . Sensory 
evaluat ion o f  i rrad iated bacon o r  corned beef containing l ow nitrite 
ha s indicated tha t these are als o  acceptabl e products . Irrad iated 
l ow-nitrite  ham i s  a l so acceptable , but require s s ome ni trate for 
shel f-stable  color .  

Other proposed alternat ives have not been tested sufficient ly for 
conclusions to be drawn . Addit iona l sensory evaluation should accom
pany further t est ing o f  s od ium hypophosphite and fumarate e s ters 
alone or  in combination with  low nitri t e  as possible ant imi crobial 
alternat ives to the current use o f  nitri te . 

Undes ired mi crobia l proliferation i n  cured product s  can be inhib
i ted by modifying product characteri stics , such a s  aw or  pH ( Chapter 
5) . To accompany research on the effec t of such change s on ant i
microbial protection,  the Commit tee recommends that re search be 
conducted on the ef fec t of change s in the wate r  act ivi t y  or pH on 
sensory propert ies o f  various t ypes of products .  In t he case o f  
water  act ivity , resea rch  should i nclude  mod ificat ion of water 
activi ty by d ifferent means , e . g . , the use o f  d ry ing , salt , and other 
humectant s .  
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CHAPTER 10 

THE TOXICOLOGY OF ALTERNATIVES TO NITRITE 

The major adverse health effec t ari s ing from human exposure to  
ni t rite  in foods , such as  cured meat s ,  i s  the possible induc tion of  
cancer by !-ni troso compounds that may be  formed in foods containing 
ni trate  or ni trite  or in the body after ingestion of such foods  
( National Academy of Sciences , 198lb) . The preceding chapters eval
uated possible alt ernat ives to  ni trite in cured meat s  that  would 
re sult in  the eliminat ion or reduc tion of nitri te added to  these 
produc t s .  In addi tion ,  because the mos t  likely mechanism o f  the 
induction of cancer by ni tri te is through the format ion of nitros
amine s ,  the feasibi li ty of including specific inhibi tors of 
nitrosation reac tions in foods containing nitri te was di scussed . 

In this chapter , after the i ntroduc tion of the Commi t tee ' s 
cri teria for the evaluat ion of toxicologic data , the data presented 
by the Commi t tee in i t s  f irs t report ( Nat ional Academy of Science s ,  
198lb)  on the adverse health effects  of ni tri te are summari zed . The 
toxicity data on the agents or me thods identified in the previous 
chap ters as mos t  promi sing subs ti tutes for nitri te  or as inhibi tors 
of nitrosamine formation are then presented . These agents  include 
ascorbic acid , lactic-acid-produc ing bacteria and lactic acid , 
glucono-a -lactone , sodium chloride , wood smoke , sorbate , sodium 
hypophosphite , a-t ocopherol ,  irradiation, and fumarate esters . 

CRITERIA FOR EVALUATING TOXICOLOGY DATA 

To det ermine whe ther the agent s suggested as alternatives t o  
nitri te are likely to cause adverse health effec t s · in  humans , a 
framework for asses sing the available toxicology data i s  necessary . 
For the purposes of  thi s d iscus sion ,  the Commit tee has adopted a 
framework developed recently by the National Academy of Sciences 
( 198la ) . It  was developed specifically for the assessment of the 
toxicity data on d i rect  food addi t ives  based on exposures from 
intended use ( in this case , ingest ion, and not occupational or 
environmental exposure ) . The toxici ty tests  included in this 
framework are listed in Table 10-1 . 

Of course , the me thods used in each of the tests  listed--e . g . , 
route of  admini stration ( i . e . , gavage vs . adminis tration in food or 
wat er) , selection of species and s trains , e tc .--should be chosen on 
the basis  of  the nature of the substance , the anticipated human 
exposure , and the metabolism and pharmacokinetics of the substance 
in humans and vari ous animals . Because duration of exposure can 
affect the degree of toxicity induced by a particular chemical , i t  i s  

10-3 
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TABLE 1 0-1 

Tests  and Data Required on Direct Food Addi tives8 

Chemis t ry 

Identif ication--e . g . , molecular formula , puri ty , identif ica
tion of contaminants 

Physical data--e . g . , melting and boiling point s ,  water 
solubility , o rganic solubility , she lf
life  

Toxicology 

Acute oral toxicity--rodent 

Subchronic oral toxicity--rodent : 14- or 28-d s tudy 

Subchronic oral toxici ty--nonrodent : 9Q-d study 

Subchronic oral toxici ty--nonrodent : 6- to 12-mo s tudy 

Subchronic neurotoxicity : 

Teratology--rodent , rabbit 

b 90-d study 

Multigeneration reproduc tion study--rodent 

Toxicokineticsb 

Combined chronic toxicity-carc inogenicity--2 rodent species 

Genetic toxici ty 

8Adapted from Na tional Academy of Sciences , 198la . 
bTe s t  not considered mandatory , but should be undertaken 

if result s  from o ther assays indicate a possible effect . 
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important to  perform acut e ,  subchronic , and chronic toxici ty tes t s .  
For example ,  i f  a subs tance will be present consistently i n  foods and 
lifetime exposure of humans is  likely , data from chronic feeding 
studies in animals should be used to assess the risk of chronic human 
exposure . Simi larly , i f  i t  i s  likely that women of child-bearing age 
will be exposed to a substance , laboratory s tudies of reproduct ive 
injury are appropriate for assessing risks of fetotoxicity in humans . 
Several proposed alternatives  to  nitri te require combinat ions of 
chemical s ,  rather than a s ingle chemical ,  and addit ional tests of the 
combinations are necessary to evaluate possible t oxic interactions . 

A complete evaluation of  toxicology data must  focus on the amount 
of data available ( i . e . , whether all or most  of the tests indicated 
have been performed ) and on the quality of the dat a  ( i . e . , whether 
the assays have been performed accord ing to accepted protocols ) .  
Because of  the l imited scope of this report , the Commit tee has not 
undertaken to answer the question concerning the quality of all reported data , especially for the substances classified as GRAS (gen
erally recognized as safe ) . Instead , i t  suggests that an approach 
similar to that outlined by the Nat ional Academy of Sciences ( 19 8la ) 
could be used to  answer the question. In this approach , standard 
protocols are selected by whi ch the methods and results of each test  
can be  measured ( Table 10-2 ) .  In  addition,  i t  was suggested that , 
even i f  a test does not match a standard protocol , the data should be 
judged adequate i f  the tests meets "basic  scient ific cri teria . "  The 
basic scientific criteria agreed to (National Academy of Sciences ,  
198la ) include the following : 

• The puri ty and s tability of the test subs tance and the dose , 
route ,  and duration of adminis trat ion are clearly delineated . 

• When possible , a species with metabolic pathways s imilar to 
those of  humans is used . 

• Controls are comparable with the test  subject s  in  all respects  
except the treatment variable .  

• End points  answer the specific question addressed i n  the study 
and are sufficient to  establish a dose-re sponse relationshi p .  

• An appropriate degree o f  statistical significance and adequate 
sample size are used . 

In addition to  data from laboratory s tudies , data on the extent 
of human exposure to a chemical , as well as data from epidemiologic 
s tudies , should be considered . In general ,  laboratory animal data 
are most  valuable when the epidemiologic evidence is  weak,  non
specific , relatively insensi tive , or not obtainable . Conversely , 
good epidemiologic data minimize the need for animal dat a .  Unfortu
nately , for most  of  the agents discussed in this chapter there are no 
reliable human epidemiologic dat a ,  and virtually all the toxicity  
inf ormation comes from s tudies conducted in animals and in vitro . In 
general ,  data f rom properly conducted animal studies are-reasonably 
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TABLE 10-2 

Reference  Protocols for Toxicity  Testing8 

Tes t  

Acute oral toxicity--rodent 

Subchronic oral toxicity--rodent : 
14 - or 28-d study 

Subchronic oral toxicity-
nonrodent : 9Q-d s tudy 

Subchronic oral toxicity-
nonrodent : 6- to 12-mo study 

Subchronic neurotoxicity : 
9Q-d s tudy 

Teratology s tudy--rodent , 
rabbit  

Multigeneration reproduction 
s tudy--rodent 

Toxicokinet ics 

Combined chronic toxicity
carc inogenicity--rodent 

Genetic toxicity 

Re ference Sources 

Interagency Regulat ory Liaison 
Group , 1981 

Organisation for Economic 
Co-operation and Development , 
19 81 , PP • 407 :1-8 

Organisat ion for Economi c 
Co-operation and Development , 
19 81 , PP • 4 09 :1-8 

Organisation for Economic 
Co-operation and Development , 
19 81 , PP • 4 09 :1-8 

Organisation for Economic 
Co-operation and Development , 
197 9 ,  PP • 106-109 

u . s . Environmental Protection 
Agency , 19 78  

u . s . Environmental Protection 
Agency , 19 78 

Organisation for Economic 
Co-operat ion and Development ,  
19 81 ,  PP • 415 :1-5 

Organisation for Economic 
Co-operation and Development , 
19 81 , PP • 4 5 3 : 1-15 

Organisation for Economic 
Co-operation and Development , 
197 9 ,  PP • 114 -116 

8Adapted from Na tional Academy of Sciences ,  198la . 
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predi c t ive of the degree o f  risk to  humans ; howeve r ,  because such 
laborat ory i nve s t iga t i ons may be mi s lead ing wi th regard t o  targ e t  
orga n ,  potency , or type of  toxic ef fec t f o r  individual subs tances , 
the j udgment of  sc ient i f ic expert s i s  an essent ial part o f  the 
analy s i s  to ensure the proper use of all ava i lable data . 

In the remainder o f  th i s  chap ter , the Commi t t ee reviews ava i lable 
toxi c i ty data on the proposed alt erna t ives  and , where appropria t e , 
draws c onc lus ions on the adequacy of  the da t a .  In  add i t ion,  recom
mendat i ons concerni ng the need for further t e s t i ng are mad e .  

TOXICOLOGY OF NITRITE 

Because nitri t e  i s  a pri or-sanc t i oned subs tance for use in cured 
mea t s , i t s cont i nued use is permi t t ed ,  even though the data on i t s  
toxic i ty are inc ompl e t e  and d o  no t mee t current requi rements for 
approval o f  new food addi t ive s .  

The fol lowi ng d i scus s ion summari zes the conc lus ions o f  the 
Commi t t ee g i ven in i t s  f irs t re po rt ( Nationa l Academy of Science s ,  
198lb) . 

Humans are exposed to  ni tra t e  and ni t r i t e  from a vari ety  of  
source s .  For  the average u . s .  res ident , mos t  ni tra te comes f rom 
vege tables ( 8 7 % ) ,  and mo s t  ni tri t e  comes from cured mea t s  ( 39 % )  and 
bake d good s and c e reals ( 34 % ) . Howeve r , when the convers ion of 
nitra te to  nitri t e  in the human body i s cons idered , mos t  of the 
ni t ri t e  t o  whi ch the average u . s .  res i dent i s  exposed ac tually come s 
f rom ve ge tables ( 7 2% ) , and less than 10% comes from cured mea t s . 

Al though acut e t oxic e f f ec t s ,  such as me themoglobinemia , can 
re sul t from the ing e s t ion of  large  amounts  of  ni tri te  or  ni trate 
( e spec i a l ly in i nfant s ) , the ma jor poss ible adverse hea l th e f fec t 
that  has been l i nked to  nitrate and n i t r i t e  exposure i s  the induc t ion 
of canc er ;  however ,  cur rent evidence impl icat ing ni trate , ni trite , 
and !-ni tro so compound s in the development of cancer in humans is  
largely c i rcumstant ia l .  Epi demiolog i c  s tud ies have sugge s ted a 
pos s i ble assoc ia t ion be tween exposure to  high concentra t ions of 
ni tra t e  and ni t ri t e  and a hi gh inc idence of  s t omach and esophageal 
canc er in some pa rt s of  the world . However , in none of these s tud ies 
wa s the expos ure to  ni trat e , ni t ri t e , or N-ni t roso compounds ac t ually 
measure d in the persons who developed cancer . Mo reover , o ther plau
s i ble causat ive agent s were iden t i f ied in many studi e s . Thu s , i t  i s 
not cer t a in tha t nitrate  or ni tri t e  plays any ro le  in the causat i on 
of these  cancer s .  Studies  conduc t ed in animals to d e t e rmine the 
carc inogeni c i t y  of nitra t e  and nitri te  have also fai led to provide 
suf f ic ient evidenc e t o  permi t a conclus i on tha t these  agents are 
dire c t ly carc i nogenic . And , although ni tr i t e  is  known to  be muta
genic  in  microbial t e s t s ,  i t s  role in human cancer  i s  most  likely t o  
be re lated to the forma t i on of N-ni troso compound s .  
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Ni trat e  ( after  i t s  reduc t ion t o  ni t ri t e  in  vivo ) and ni t ri t e  can 
i nterac t with amines and amides to produc e nitro samine& and nitros
amide s ( N-ni tro s o  compound s ) .  The se react i ons can occur , under 
appropriate cond i t ions , i n  v i tro a nd i n  v ivo . Thus , humans c an be 
exposed t o  N-ni t roso  compound s tha t are f ormed i n  the environment or 
in the body-af ter ingest ion o f  nitrate , n i tr i t e , and nitro satable 
amino compound s . 

Of the preformed n i trosamine & present i n  the envi ronment , mos t 
human exposure come s from ni trosami ne & i n  the a i r  o f  some workplace s , 
t obacco smoke , c osmet ics , pharmaceut icals , and pesticides . Of  the 
die tary source s of pref ormed ni trosamine & ,  the mos t impo rtant are 
cured meats , e specially bacon , and beer . The formation of N-nitroso 
compound s in vivo ha s been well  documented in laboratory animal s . In  
humans , the-eVIaenc e is  sparse . However , one recent s t udy showed 
tha t a noncarcinogeni c ni trosamine wa s synthe s i zed i n  a human subjec t 
af ter the i ng e s t ion o f  an amine ( proline )  and nitrate . In that  
exp eriment , the i nge s t ion o f  a large exces s of  a scorbi c acid  or  
a- t ocopherol e f fec t ive ly reduced the  e ndogenous formation o f  the 
ni trosamine . Us i ng data f rom thi s experiment , the Commi t tee e st i
ma ted i n  i t s  f ir s t  re port that the amount o f  n i tro samine & f ormed in 
vivo from the intake of  ni trate  and ni t ri t e  is  roughly equivalent t o 
�amount o f  pre formed nitro samines in  the d i et o f  the average 
person.  

Many N-n i troso compound s have been shown to be mutageni c i n  
mi c robial

-
test s ,  ei ther d irectly or wi th me tabolic ac t ivation . 

Approximately 90% o f  the 300 N-n i troso c ompounds t es ted have been 
shown t o  be carc inogenic i n  one or more species  of animal s ;  thi s 
sugges t s  that the se compound s are l i kely t o  be carc inogeni c i n  humans 
as wel l . 

TOX ICOLOGY OF ALTERNATIVES TO NITRITE 

In thi s sect ion ,  the t oxi c i t y  data f or alternat ives j udged by the 
Commi t tee  t o  be mos t promi s i ng i n  precedi ng chapt er s  are reviewed . 
The se alternat ive s are a scorbic acid and i t s sal t s , lac t i c-acid
produc i ng bac t eri a and lac t i c  acid , glucono- a -lac tone , sod i um 
ch lori de , wood smoke , sorbic acid and potass ium s orbate , sodium 
hypopho sphi t e ,  a -tocophero l ,  irrad iation , and fumarate e s t er s . 

F or the alt ernat ive s tha t a re c lassif ied as GRAS subs tance s ,  the 
Commi t tee ha s relied on the reviews done by the Selec t Commi t te e  on 
GRAS Subs tances  o f  the Fe dera tion of  Ameri can So cieties  for Experi-
menta l Bi ology ( F ASEB ) for much of  i t s  toxicologic i nformation.  When 
more re cent data were available , the Commi t tee i nc luded them and d i s
cus sed the i r  implication s . In add i t io n ,  i f  i nf ormat ion was available 
on a lt ernat ive s to be used i n  c ombination wi th nitri te , the t oxi
co logy o f  the combinat ion o f  agent s i s  reviewed . 
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Alternat ives  Currently Permi tted in Cured Meat s  

Of the alternat ives listed above , several are currently permi tted 
in the processing of cured-meat products--salts of ascorbic acid , 
lactic-acid-producing bacteri a ,  glucono- 6-lactone , sodium chloride ,  
and wood smoke . 

Ascorbic Ac id and Its  Salts . L-Ascorbic acid , calcium and sodium 
L-ascorbate , erythorbic acid ( D-i soascorbic acid ) , sodium erythorbate 
( sodium D-i soascorbate ) , and ascorbyl palmi tate ( palmitoyl L
ascorbate )  are all  GRAS substance s .  Ascorbate ( in the form of sodium 
ascorba te or sodium erythorbate ) is currently added to a variety of 
cured-meat product s  at  concentrat ions of 200 mg/ kg ( in many 
product s )  to 550 mg/ kg ( in bacon) . With the exception of bacon , 
ascorbate is  added t o  cured-meat product s  to accelerate curing-
especially color f ixat ion ( U. S .  Department of Agriculture , 1970 ) .  
The addit ion of ascorbate to  bacon is  required by federal regulation 
to inhibit  the format ion of ni trosamines . Because ascorbic acid may 
be used more consis tently and at hi gher concentrations in products  
o ther than bacon in the future , the Commit tee has reviewed its  
toxicology to determine whe ther adverse health effects  could resul t 
from the increased exposures .  

Ascorbic acid ( vi tamin C )  i s  an essential nutrient ; all persons 
consume ascorbic acid  as a normal consti tuent of food s .  Many people 
also obt ain i t  as a component of vi tamin preparations or supplement s 
in foods and beverages (Federation of American Societies for Experi
mental Biology , 19 79a ) . The average daily intakes of ascorbic acid , 
erythorbic acid , and their salts have been estimated to total 4 7  mg 
( Federa t ion of American Societies for Experimental  Biology , 19 79a ) . 
Al though the concentration of sodium ascorbate or sodium erythorbate 
to  be added to cured meat s  may vary from product to product , the 
maximal concentration is likely to be 550 mg/ kg--the amount currently 
added to  bacon . The Commit tee has estimated that ; if this amount 
were added to all cured meats consumed in the Uni ted State s ,  the per 
capita  daily consumption would increase from 4 7  mg to  6 3 . 5 mg .  This  
est imate i s  based on the assumption that the intake of cured meats  is  
30  g/ d ( National Academy of Sciences , 198lb ,  Chapter 5 ) .  This intake 
is les s than the amount that would saturate the body pool in 95% of 
nonsmokers--100 mg/d ( Kallner !! al . , 19 79 ) .  

Because sodium a scorbate i s  recommended , not as a replacement for 
nitri te ,  but as an inhibi tor of nitrosat ion, i t  would be added to 
cured meats  wi th the current amounts of sodium ni tri t e .  In addit ion , 
a-tocopherol ( a t  500 mg/kg ) would probably also be added to cured 
meat  produc t s ,  inasmuch as it is an ac t ive ni trosat ion inhibi tor in 
lipid s ,  whereas sodium ascorbate i s  act ive in aqueous media .  The 
Commit tee i s  unaware of any toxici ty tests  of  combinations of 
nitri te ,  sodium ascorbate , and a-tocopherol .  Thus , the data tha t  
follow are derived from toxicity  t e s t s  i n  which ascorbic acid o r  one 
of i t s  salts was administered alone . 
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In mi ce , rat s ,  and gui nea pigs , the ora l LD 50 of sod ium 
a sc orba te was grea t e r  than 5 . 0  g/ kg of body wei ght ( Joint FAO/ WHO 
Expert Commi ttee  on Food Add i t ives , 19 6 2 ) .  Subchronic oral-toxi c i ty 
assays in the rat ind icate  tha t the maximal nont oxic dose i s  
ap proximat ely 1 0  g/ kg o f  body we i gh t  ( Ki eckebusch !! al . ,  196 3 ) . 

Few s tud ies of  the toxi c e f fec t s  of  asc orbic acid have been 
c onduc t ed over the ent ire l i f e t ime in anima l s .  I n  one long-term 
s t udy wi th e ry thorbi c acid admini s t ered in  feed to rat s for  2 yr a t  
1% of the d i e t , no pa tho logic  les ions at tributable t o  thi s exposure 
were de t ec t ed ( Lehman � a l . , 1 9 5 1 ) . 

Ascor bic acid adminis tered for 10 consecut ive days at  doses of  
up to  5 50 mg/ kg of  body we i ght in pregnant rat s  and up to 5 20 mg/ kg 
in  pregnant mic e  was not teratogenic (F ood and Drug Re searc h 
Labora t orie s ,  Inc . , 197 5 ) . Howeve r ,  t e s t s  for tera togenicity in 
chi cks have yielded equivocal results  (Hwang , 19 74 ; Naber , undated ; 
Ver re t t , 19 7 7 ) .  

Asc or bic acid and ery thorbic acid we re not �u tagenic in in vi tro 
as s ays wi th Salmone lla ty phimurium and Sac charomyces cerevi siae wi th 
and without me tabolic ac tivat ion ( Li t ton Bione t ic s ,  Inc . , 1974 a ,  
19 7 5 ) . Sodium e ry thorba te was no t mutagenic in ho s t-mediated assays 
in mice with !• typhimuri um or !• cerevi s iae 03 as says ( SRI Int e r
nat i ona l ,  19 74 ) .  In contras t wi th these  nega t ive f i nd i ng s , St ich e t 
a l .  ( 19 7 6 )  re port ed that ascorbic acid in combinat ion wi th copper -
s a l t s  did exhibi t mut agenic act ivity in !· typhimurium assay s . The 
biologic s i gn i f i cance of thi s f ind ing i s  unc lear . More recent 
s tud ies  have also ind icated tha t ascorbic acid may cause chromosoma l  
aberrat ions ( St i ch e t  al . , 1 9 80 ) , s i s ter chromatid  exchanges 
( Galloway and Pa inter ,-r9 7 9 ) , and soma t i c  mu tat ions in cultured 
mammalian cel l s  ( Rosin  e t  a l . , 1980 ) . In the la t ter study , high 
concentra t ions of a s c orbate-were required to  induce mutat ions . 
Asc orbic acid ha s also been shown to  inhibi t the mutagenic i ty of a 
va riety o f  known mut agens ( Shambe rger et  a l . , 197 3 ) , and Koropa tni ck 
and S t i ch ( 1 980 ) re cen t ly demons tra t ed�hat ascorba t e  could inc rease 
or inhibi t DNA damage induced by N-me t hyl-N ' -ni tro-N-ni t rosoguani
dine , de pending on reac tion cond itions . I� add i t io�, epidemiologic 
evidence sugge s t s  tha t a scorbate  may inhibi t ,  ra ther than increas e , 
carc inogene s i s  i n  humans ( Bj e lke , 19 7 3 ; Me t t lin !! al . , 1981 ) .  

Lac t i c-Ac i d-Producing Bac t e ria and Lac t i c  Ac i d . Lac t ic-ac id
p roduc i ng mi croorgani sms , s uch as  lac tobac i l l i , may be added t o  
bacon i n  amount s tha t  are suf f i c ient t o  reduce the pH--an ef fec t 
tha t dec reases ni t ri t e  concentration and thus inhi bi t s  ni t rosamine 
f orma t ion ( U . s .  De pa rtment of Agri cul ture , 19 7 9a ) . The culture s are 
also cur rent ly added a s  0 . 5% o f  dry sausage , pork rol l , Thuringe r , 
Le banon bologna , cervelet , and salami to establish the fermentative 
mi c rof l ora rapidly and lower the pH . Lac t i c-ac id-produc ing bac t eria 
can lower the pH o f  cure d-meat produc t s ,  such as bacon , suf fic ient ly 
t o  inhi b i t  the outgrowth of c .  botulinum spores ( Chapter 5 ) . Lac t ic
ac id-produc ing bac teri a , however ,  have no t been approved as an 
add i t ive to  f ood produc t s  spec i f ically for t his  purpose . 
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The type s o f  bac t eri a added t o  meat s  are present na turally o n  
the surface o f  meat and meat produc t s  and have been used a s  s tart er 
cultures i n  many o ther food s .  The i r  safety ha s been es tabli shed by 
long-t erm human use , and they a re on the l ist o f  GRAS s ubstanc e s . 
If a new species  o f  bac t eri a ,  o ther than those  already added t o  
mea t s  o r  o ther food s , i s  to  b e  u s e d  as  an alternat ive t o  ni tri te , a 
toxicologic evaluation  would be requ i red . However ,  much o f  the 
tes t ing for ant i bo tul inal  a c t ivi ty d i scussed in thi s re port has been 
done wi th spec ie s al ready used in meat s  or o ther food s  ( Smi th and 
Po lumbo , 1981 ) . 

Lac t i c  ac id i s  a GRAS substance and i s  current ly added t o  a 
number of  f ood items , i nc luding cheese , o l ive s , frozen des s e rt s , and 
wine ( Federat ion of Ameri can Soc ieties  for  Experimental Biology , 
1978 ) . Human exposure t o  lac t i c  aci d  from food add i t ive s ha s been 
est imated t o  be 9 24 mg/ person per day for persons 2 yr old and older 
( Nat iona l Academy of Science s ,  197 2 ) . Thi s e s t imat e  i s  based on 
produc t i on f igure s and should be t aken a s  a maximal daily intake . 
Such exposure i s  les s than 1% o f  the endogenous exposure o f  humans 
to lac t i c  acid produced metabolically by vari ous body t i s sues--2 
mg/ kg per day , or approximately 120  mg/ d for  a 6 0-kg person ( Federa
t ion of Ameri can Soci e t i e s  for Experimental  Biology , 1 9 7 8 ) . 

The addit ion o f  lac t i c  acid  t o  c ured meat s  has been sugge s ted  
(Chap t er 5)  a s  a means of  reduc ing the  pH  t o  prevent spoilage and 
outgrowth o f  £· bo tulinum spore s .  Al though i t  has no t been approved 
for t hi s use i n  the Un i ted S tates , several European c ountries  permi t 
i t s  add i t ion t o  c ured meat s  ( Chapter 5 ) . A recent review o f  the 
toxico logy of lac t i c  acid  and calcium l ac tate by the F edera t ion o f  
American Societies  f or Experimental Biology ( 197 8 )  revealed that , 
a l though acute and subch ronic feeding s tud ies have been c onduc ted 
wi th lac t i c  acid ( Durla cher  et a l . , 194 6 ;  Smy th et a l . , 194 1) , there 
have been no long-t erm feeding s tud ies . Lac t i c  acir-i s  not 
mutageni c i n s .  c erevi siae or  s .  aureu s ( Li t ton  Bione t i c s , Inc . , 
19 7 6a , b ) . 

Glucono- o -lactone . Glucono-o -lac tone i s  a GRAS substance and i s  
added  to  f ermented sausage s i n  thi s count ry a t  5 , 000 mg/ kg t o  reduc e 
pH and re tard mi crobial growth ( U . s . De partment o f  Agricul ture , 
19 7 7 ) . An acceptable daily intake for total glucona t e  ( includ i ng 
glucono-o-l ac t one )  has been s e t  a t  50 mg/ kg o f  body weight ( Jo int 
F AO/ WHO Expert Commi t tee on Food Addi t ive s , 196 7 ) . The average 
exposure in the Un i ted S t a tes to gluc ono-o -lac t one has been 
est ima ted to be 0 . 9  mg/ d for a 6 0-kg adul t ( �15 � g/ kg of  bod y 
weight ) , on the bas i s  o f  annual use f igure s ( Na t ional Ac ademy o f  
Science s ,  197 2 ) .  

Acute t oxi c i t y  s tudies  c onduc ted i n  c a t s  and d ogs ( Chenoweth e t  
a l . , 194 1 )  revealed n o  adver se e f fec t s .  In humans , high doses  o f-
ifucono- o-lac t one ( 5-10 g/ d )  fre quent ly caused s t omach cramps or  
diarrhea ( Chenowe th et  a l . , 194 1 ;  Gold and Civin , 19 39 ) . No o ther 
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adverse effec ts  were detected . Glucono-a-lactone was not mutagenic 
in  tests  with Saccharomyces cerevi seae and Salmonella typhimurium 
( Li t ton Bionetlcs , Inc . , 19746) . 

The only long-term feeding s tudy of glucono-a -lactone reported 
was done by Van Logten !! a l .  ( 19 72 ) . Rats were fed diets including 
4 0% meat  that contained 0 . 5% sodium nitri te  and 1% glucono-a
lac tone , 0 . 2% sodium ni tri te and 1%  glucono- a-lactone , or 1% 
glucono- a-lactone . Rat s  fed 0 . 5% sodium nitrite and 1% glucono- a
lactone had a lower growth rate than control s .  No other adverse 
effects were seen in the test animals that were attributable to the 
various treatment s .  Adminis tration of glucono- a-lactone to pregnant 
mice , rat s ,  hamster s ,  and rabbi ts  did not cause any adverse effec ts  
( Food and Drug Research Laboratorie s , Inc . , 197 3c ) . 

Sodium Chlori de . Sodium chloride i s  used in the curing of meats  
to retard spoilage and impart flavor ( Chapter 4 ) .  I t  has been 
sugges ted that increasing the concentra t ion of sodium chloride in 
some products  may reduce the need for sodium ni trite ;  however , the 
possible adverse health effec ts resulting from an increased sod ium 
chloride i ntake are unknown. There is  considerable evidence that 
such an increase may not be prudent (Federat ion of Ameri can 
Societies  for Experimental Biology , 19 7 9b) . 

Wood Smoke . Wood smoke has been used as a meat preservat ive for 
centurie s .  I t  has antimi crobial and antioxidant activit ies , a s  well 
as e ffects  on color and f lavor . The value of smoking as an alterna
t ive to ni t rite i s  unclear ,  however ,  because ni trogen oxides in the 
smoke are most  l ikely absorbed by the smoked meat and may ac t as 
ni trosat ing agent s ( Chal lis  and Kyrtopoulo s ,  19 7 8 ,  1979 ;  Challis e t  
al . , 19 78 )  and produce N-nitroso compounds .  I n  addit ion , nitrate-

and ni t rite  ions will  be formed by hydrolysis  of the oxides and 
deposi ted in the meat . 

Al ternatives Current ly Approved for Use in Foods Other Than Cured 
Meats 

Several proposed alternat ives that are currently not added to  
cured meat s  are approved for addition to various other food 
produc t s .  These agent s include sorbic acid and potassium sorbate , 
sodium hypophosphi te , and a-tocopherol .  

Sorbic  Ac id and Po tassium Sorbate . Sorbic acid and potassium 
sorbate are treated collect ively as  " sorbate"  in the discussion that 
follows . 

Sorbate has been found to be a relat ively safe food addit ive and 
i s  permit ted in a variety of u.s. food products  (Federation of 
American Societies  for Experimental Biology , 197 5a ;  Food and Drug 
Research Laboratorie s ,  Inc . , 19 7 3a;  Furi a ,  197 2 ;  Sofos !! al . , 
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197 9 ) . The Select Commi t tee on  GRAS Substances of the Federat ion of  
American Societies for  Experimental Biology ( 19 7 5a )  estimated a per 
capita u . s .  ingestion of about 25 mg/ d .  The Commit tee is unaware of 
more recent data that would allow an updated estimate of u . s .  con
sumption.  The Joint FAO/WHO Expert Committee on Food Additives 
( 1974b )  has est imated the acceptable daily intake of  sorbic acid and 
sorbates ( expressed as sorbic aci d )  to be 25 mg/ kg  of body weight 
per day--a very high acceptable daily intake among food preserva
t ive s .  One estimate of s orbate intake (Federation of American 
Societies for Experimental Biology , 1975a )  indicates that children 
6-24 mo old may actually ingest  this amount . 

It has been proposed that sodium ni tri te at 4 0  mg/ kg ( or 
potassium nitrite  at  4 9  mg/ kg )  be used in bacon with potassium 
sorbate at 2 , 600 mg/ kg ( 0 . 26% ) and sodium ascorbate or sodium 
erythorbate at 550  mg/ kg ( u . s . Depa rtment of Agriculture , 1978a , b) . 
This conc entra t ion of sorbate i s  high for a food add i t ive ,  and up to 
71% of added sorbate survives  f rying of bacon ( Robach � a l . , 
1980a ) ;  comparable concentrations of sorbate are added to some 
cheeses ( F reese � a l . , 197 3 ) .  

The average u . s .  intake of cured meat s  is  30 g/ d ( Table 5-17 in 
National Academy of Science s ,  198lb) , and bacon accounts for 19 . 5% 
of thi s ( National Academy of Sciences ,  198lb , Table 3-1 ) , or 5 . 9  g 
of bacon per person per day . If one assumes that bacon contains 
potassium sorbate at  2 , 600 mg/ kg ( or 2 , 000 mg/ kg expres sed as sorbic 
acid )  and that 71% of  sorbate remains after frying , the average 
person would ingest approximately 8 . 4  mg of sorbate ( expressed as 
sorbic acid )  per day from bacon alone . Certainly,  expansion of 
sorbate addition at  thi s concentration to  other cured-meat product s  
would increase per capita consumption substantially , because an 
average person would consume cured meat at  30 g/ d and thus would 
consume sorbate , expressed as sorbic acid , at 60 mg/ d . High 
meat-eaters ( National Academy of Sciences ,  198lb , ·Table 10-9 ) would 
consume 24 0 mg/d of sorbate .  

Because the Commit tee does not anticipate extensive expansion 
of sorbate addition to  cured meats  o ther than bacon and because the 
current proposal calls for potassium sorbate at 2 , 600 mg/ kg plus 
sodium ni t rite  at 4 0  mg/ kg and ascorbate at 550 mg/ kg ( u . s .  Depart
ment of Agri culture , 1978a , b ) , the Commit tee has considered the 
possible health consequences of addi ng  sorbate at this particular 
concentration . The toxici ty data have been evaluated on sorbate 
alone and , where data are available , on the sorbate-ni trite mixture . 

Toxicity of sorbate : The oral LD50 of sorbic acid in  rat s  has 
been reported to be 7 . 36-10 . 50 g/ kg of body weight ( Deuel et al . , 
1954 ; Smyth and Carpenter , 194 8 ) . In rat s ,  the LD5 o of sodium 
sorbate (calculated as sorbic acid )  was 5 . 9  g/ kg ( Deuel et a l . , 
1954 ) .  

- -
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Sorbic acid has been fed to rat s in a variety of studie s .  Doses 
ranged from 1 . 5 t o  10% o f  the d iet for 10 wk to 4 �o ( Federat ion of 
American Societies for Experimental Biology , 197 5a) . The only 
effect seen was liver enlargement ( Demaree et al . , 195 5 ;  Smyth and 
Carpent er , 194 8 ) . In ano ther study , eight dogs-were fed 1% and 
e ight were fed 2% potass ium sorbate in the diet for 3 mo ( Deuel et 
a l . , 1954 ) . No adverse ef fects  were detected . 

No carc inogenic effect was demonstrated when diets  containing 
10% sorbic acid were fed to rats for 2 yr ( Gaunt et  al . , 1975 ) .  At 
thi s dose , the thyroid weight in males , the liver-weight in both 
sexe s , and the kidney , small intest ine , and ovary weights in females 
were somewhat increased . Tests  for teratogenicity in mice with 
potassium sorbate (460  mg/ kg for 10 consecut ive days ) were negative 
( Food and Drug Re search Laboratori es , Inc . , 19 7 5 ) .  

Sorbates have been tested for mutagenicity in microbial and 
mammalian systems . Sorbate is inact ive in a variety of bacterial 
systems ( Di fate , 197 7 ;  Hayatsu et a l . , 19 7 5 ;  Kada , 19 73 ;  Khoudokor
moff  and Gi s t-Brocades ,  19 78a , b;-wood and Mergens , 19 78 ) ;  however ,  
s orbic acid was act ive in the bacterial rec assay a t  2-4 mg/ml 
( Namiki and Kada , 19 7 5 ) .  In mammalian systems , potassium sorbate 
has been implicated in chromatid or chromosomal breaks , s ister 
chromat id exchange s ,  and translocation& in Chine se hamster  cells in 
vi tro; effect ive concentrat ions were high, but not unlike those 
which might be encountered after ingest ion of sorbate in bacon (Abe 
and Sasaki , 19 7 7 ;  Ishidate and Odashima , 197 7 ) . 

Sorbate , like many chemicals ,  inf requent ly causes  allergic 
contact d ermatiti s .  Fisher ( 1980)  found that three pat ients with 
sorbic acid contact sensitivi ty who consumed food containing low 
concentrations of sorbate exhibited no flare of dermatitis  on patch
t est s i tes . No thorough s tudies seem to have been performed to 
asse s s  human sensitizat ion to  sorbate at high concentrat ions , but 
orally administered sorbate i s  known to  be rather rapidly metab
olized in mammals ( Federation of American Societies for Experimental 
Biology , 19 75a ;  Food and Drug Research Laboratories , Inc . , 197 3a ) . 

The Committee has found no report s  of acute or subacute effects  
of ingested sorbic acid or sorbate in man, despite their  wide use as 
food add i t ive s .  Sorbate autooxidation can give rise to malonal
dehyde and other carbonyls ( Arya ,  1980 ) . The possible significance 
of  malonaldehyde to  human health is  discussed in Chapter 6 .  

Sorbate-nitri te interactions : Although sorbate has passed 
numerous tests  for safety when added to foods  essentially f ree of 
nitri t e , there i s  some concern regard ing interactions between sor
bate  and ni t rite  when they are both added at relatively high concen
trations to a single food item.  Sorbate and nitrite are known to 
int eract under a variety of condit ions and to give rise to a number 
of  chemical compound s ,  only some of which have been characteri zed . 
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A pre l imina ry re port of  s t ud i e s  a t  the F ood and Drug Admini s t ra
tion ind icate d  tha t c omm e rc i a l ly processed expe rimental bacon 
cont aining pot a s s i um sorba t e  at 2 , 600 mg/ kg and ni t r i t e  at 4 0  mg/ kg 
was as ir ri ta t i ng for  the hams ter  cheek pouch as wa s bacon processed 
wi th sodium ni tri te a lone a t  120  mg/ kg ( Hinton e t  a l . , 1981 ) .  Bo t h  
ki nd s of bacon were more irri tat i ng  than was bacon-rree of e i ther 
add i t ive . The pre senc e  or absenc e  of asc orbate  in the curi ng mix
ture s  wa s not repo rted . Simi lar resul t s , ind i ca t i ng modest  irrita
t ion by bacon containi ng convent ional concentra t i ons of  ni t r i t e  and 
by ni t ri t e-sorbate  bacon in the hams ter cheek pouch as say and on the 
s kin  of  alb ino rabbi t s ,  have been noted elsewhe re ( Ma i bach , 19 7 9a , b ;  
Wo lf ,  1980 ; Wright ,  1980a , b ) and at tributed ma inly t o  the sodium 
chlori de  cont ent o f  the samples t e s t ed . Howe ver , no s imi lar stud i e s  
i n  which sod i um chl oride wa s omi t ted f rom the proc e s s i ng mixt ure 
appear to  have been per f ormed . 

The combina t ion  of  sorba t e  and nitri te  forms produc t s  wi t h  
geno toxic ac t i vi ty f o r  bac t e ri a , pa rt icularly under cond i t ions o f  
acidic  pH and a high colar  ra t i o of n i t r i t e  t o  sorba te  ( Table 
10-4 ) .  However , mut agens a re s t ill  f o rmed at  a ni t r i t e : s orbate 
ra t i o  o f  2 : 1 ( Namiki e t  al . , 1981 ) and 0 . 2 : 1  ( Khoudokormof f and 
Gi s t -Brocade s ,  19 7 8b )-. - --

Chemi cal sp e c i e s  wi th DNA-damaging and nutageni c ac t i vi ty in  
bac t erial  tes t sys tems have been detected in sorba te-ni t ri te 
mixture s ( Haya t s u  e t  a l . , 19 7 5 ;  Kada , 19 7 6 ;  Khoudokormof f , 19 7 8 , 
1 9 8 1 ;  Khoudoko rmofr-and Gi s t -Brocade s ,  197 8b;  Kito  and Namiki , 197 8 ;  
�ami ki and Kada , 1 9 7 5 ;  Namiki e t  al . ,  1980 , 1981 ; Osawa et a l . , 
1 9 7 9 ,  1980 ) . One produc t wi th-geno t oxic ac t i vi ty ha s been ident i
f i ed a s  e thylni tro 1 i c  a c id ( Nami ki and Kada , 19 7 5 ) .  E t hy lni trolic 
acid e xhibi t s  re la t ively low ac t ivi ty in  the Salmone lla/ mi crosome 
a s say  ( L .  D .  Ki er , per sonal communi cat ion,  1981 ; Namiki et al . , 
198 0 ) , but i s  hi gh l y  act i ve in the rec a s say ( Kada , 19 7 6;-Namiki and 
�ada , 19 7 5 ) . Ethy lni tro l i c  acid i s  60 t imes a s  ac t i ve a s  sorb i c  
acid  and 80 t ime s a s  ac t i ve as  sod i um ni trite  in the bac t e rial rec 
a s say ( Nami ki and Kada , 19 7 5 ) .  

A sec ond produc t o f  the reac t i on of sorba t e  and ni t r i t e , com
pound Y ,  has been i dent i f ied as 1 , 4 -dini tro -2-me t hylpyrrole ( K i t o  
a nd I�amiki , 19 7 8 ;  Osawa e t  a l . , 19 7 9 ) . Compound Y i s  act i ve in the 
Sa lmone l l a/ mi cro s ome a s s ay (Namiki  et a l . , 1980 ) . The yi eld of 
mutant s ,  a bout 14 per �icrogram wi t�s t rain TAlOO , is in  the range 
charac t e ri s t i c  of  o ther ni tro compound s . A third p roduc t of the 
re ac t i on o f  s or ba t e  and ni tr i t e , compound F ,  has been ident i f i ed a s  
a f uroxan d e riva t ive of  sorbat e  ( Osawa e t  a l . , 19 7 9 ) . Compound F 
and i t s  pre c ursors  do  no t appear t o  exh i bi�geno t ox i c  ac t ivi t y  when 
meas ured in the rec as say or in the Sa lmo ne l la/ mi cro some a ssay 
( Namiki � al . , 1 9 80 , 1981 ) .  Ano ther produc t of the reac t i on of 
s orba t e  and ni t ri t e ,  compound B, has not been chemically charact er
i zed , bu t is also i nac t ive in  the Salmone lla/micro some a s say and 
only weakly ac t ive in the � a s s ay ( �ami ki et a l . , 1980 , 1981 ) .  
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TABLE 10-4 

Mut ageni c i t y  o f  Ni t ri t e-Sorbat e  Mixt ure s  
i n  Mi crobi a l  Assaysa 

Reac t ion Cond i t ions  
Ni t r i t e : 
Sorbate  
Mo lar Ra t i o  pH Re sul t 

10 2 + 

1 ? + 

0 . 2-0 . 8  3 . 0-6 . 5  + 

10 5 . 3  + 

4 -16 1 . 5-5 . 0  + 

5 . 6  ? + 

0 . 02 5-2 . 5 5 -7 

0 . 0 2 5  1 . 3  

0 . 17 ? 

aAdap ted f rom Honsant o Company , 19 80 . 

Re ference 

Haya tsu  � a l . , 197 5 

Kada , 1 9 7 3 

Khoudoko rmof f and 
Gi s t-Brocades , 
19 7 8b 

llood and Mergen s ,  
1 9 7 8  

Namiki � a l . , 197 9  

Wa sserman , 19 7 9  

F lowers e t  a l . , 197 9 

Flowe r s � al . , 1979  

Was s e rma n , 19 7 9  

In contra s t  wi th the above f ind i ngs , s t ud i e s  performed und er 
d i f ferent c ond i t ions , such as  reduced molar concentra t i ons or  in
c rea sed pH or bo th , have fai led t o  s how mutagenic act ivi ty  f or 
n i t r i t e-s o rba te mixt ure s ( Table 10-4 ) .  However , c ond i t i ons e s sen
t i a l  f o r  bac t erial  i nhib i t i on by sorba t e  ( opt ima l pH , 4 . 7 5 )  are 
a l so expec ted t o  provi de an opport uni t y  f or mutagen f orma t i on 
( Khoudoko rmo f f , 19 8 1 ) . 

A p pa re nt ly , d e tec table mutagenic act ivi ty i n  n i t r i t e-s or ba t e  
mixt ure s  i s  produced o n l y  under  ac i d i c  cond i t i on s ,  o p t imally  a t  a pH 
o f  3 . 5-4 . 2 , and i s  due mainly t o  the forma t i on o f  compound Y and some 
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ethylni trol i c  ac id  ( Namiki � a l . ,  1980 , 19 81 ) .  The lat t er c ompound 
predomina t e s  at lower pHs , but i t s f orma t i on requires  high 
concentra t ions o f  reac tant s .  Mutagens d o  no t appear t o  be forme d  i n  
typical  bacon-curing bri ne s  or  under s imulat ed gastric  c ond i t ions 
( Roba ch et a l . , 198 0b) . Howeve r ,  the s e  t e s t s measured a combina t io n 
of t he forma t i on and the per s i s t enc e o f  mutagenic c ompounds under 
ve ry speciali zed cond i t ion s .  One important fac tor  may have been the  
presenc e  o f  a scorba t e  in  the  reac t i on mix t ures . F o r  example , Osawa 
e t  a l .  ( 1980 ) used p re f o rmed 1 , 4 -dini t ro-2-me t hy lp yrrole and detecte d 
rapid degrada t i on t o  a nonmutagenic derivat ive , 5-nitro-2-
fura lde hyde semicarbazone , i n  the p resence of  an e ight fold molar  
exces s  o �  ascorba t e  near  neutral  pH , but no  e f fect  of  a scorba t e  was 
noted  a t a pH o f  1 . 5  or  3 . 5 .  

Ba sed on the data revi ewed a bove , i t  i s  l ike ly t ha t  the known 
mutageni c reac t io n  produc t s  do no t f o rm  a t  de tectable concentrat ions 
i n  raw bacon c ured wi th s odium n i t r i t e  a t  4 0  mg/ kg p lus potas sium 
sorba t e  a t  2 , 600 mg/ kg plus sod ium ascorba t e  or sod i um e ry thorbate  a t 
5 50 mg/ kg . Be cause mut agenic a c t ivi t y  i s  a t  least  in  part t hermo
labi l e  ( Namiki e t  a l . , 1980 ) , the pers i s te nce  of the s e  pa rt i cular 
mutagenic produc t s-reven i f  pre formed ) i n  f ried bacon i s  even less  
like l y  than the i r  presence  in  raw bac o n .  Howeve r ,  mutageni c 
compound s could be f ormed duri ng f ry i ng  i n  vivo a f ter i ng e s t ion . 
Although the sorba t e  reac t ion  produc t s  are somewha t analogous t o  
those expec ted f rom reac t ion o f  n i t r i t e  with o ther unsaturated 
ali pha t i c  compound s ( Mirna and Core t t i , 197 7 ;  Walt ers e t  a l . , 19 7 9 ) , 
whi ch a re na tura l ly abundant i n  bacon ( Benedic t , 1980 )-, -these 
poss ible react i ons may re present  a po ten t i a l  hea l th risk i f  the 
c omb ina t i on i s  u sed i n  a s ingle produc t . 

Sodium Hypopho sphi t e . Severa l hypopho s phi t e s  a re GRAS 
sub s t anc e s; however ,  accord ing to the Se lec t Commi t t ee on GRAS 
Sub s t ance s  of F A SEB ( Federa t ion of American Soc i e t i e s  for Experi
ment al Biology , 19 7 7 ) , no f ood manuf ac t ure r curre n t ly uses  hypo
pho sphi tes  as add i t ive s .  

The use o f  sodium hy pophosphi t e  i n  bacon a t  l , OOD- 3 , 000 mg/ kg 
wi t h  sodium ni t ri t e  a t  4 0  mg/ kg has been sugges t ed . Assumi ng an 
average intake of cured meat s o f  30 g/ d f or t he u . s .  popul a t i on ,  t he 
average intake o f  sodium hy popho sphi t e  a s  a f ood add i t ive would 
i nc rease  from zero to 3Q-9 0  mg/ d . 

The acute oral t oxi c i ty of  sodium hy pophosph i t e  has a ppare n t l y  
no t been measured ( Fed era t ion o f  Ameri can Soc i e t i e s  f o r  Experimenta l 
Biology , 19 7 7 ) . In one short - t e rm  f eedi ng s tudy o f  calcium hypo-
pho sphi t e i n  rat s ,  no a dverse  e f f ec t s  on  growth were seen a t  variou s 
concentra t i ons up t o 4 . 3  g/ kg o f  body we ight ove r a 2 5-d t es t  p e r i od 
( Meyer and Greenbe rg , 195 9 ) . 

No l ong-t erm animal t oxi c i t y  s t ud ies are avai lable . There have 
also been no te s t s  on hypophos phi t e s  for t era t ogenic i t y , re produc t ive 
e f fec t s , carcarc inogeni c i t y , or mutageni c i t y . 
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a-Tocophe ro l . The toco phero l s  have vi tami n E ac t ivi t y  and a re 
c las s i f ied as  GRAS s ubs tanc e s . Tocophe ro l s  a re pre sent naturally  i n  
vege table oi l s , c e real s ,  nut s ,  a n d  l e a f y  vege table s .  In addi t i o n , 
t ocophero l s  ( p redominantly  a s  a-t ocophero l )  a re added t o  f oods a s  
ant i oxidant s .  The Se lec t Commi t tee on GRAS Subs tanc e s  o f  F ASEB 
{ Federa t i on of Ameri can So c i e t i e s  f or Experiment a l  Biology , 19 7 5b )  
concluded that , wi th  the except ion o f  i nfant s rece ivi ng comme rcially 
pre pa re d f ormulas , t ocophero l s  added to  f ood s contri bute  only s l ight ly 
t o  t o tal tocophero l i ntake . The F ASEB commi t tee e s t imated that 
t ocophe ro l s  added to  f ood s are i ng e s ted a t  an a verage o f  approxi
ma t e l y  0 . 6 mg/ d . The toc o pherol i ntake f rom the d i e t  has been e s t imated 
at 7-9 mg/ d ( Bi eri  and Evart s ,  1 9 7 3 ;  Bunne l l  et a l . , 19 6 5 ) . 

The Ac cepted Dai l y  Intake ( ADI ) for  tocophero l s  { expre s sed a s  
a-t ocophe ro l for a 6 Q-kg per son ) deve loped by the Jo int FAO/ WHO Expert 
Commi t t ee on F ood Add i t ive s { 19 74 a )  i s  120 mg/ d . Assuming tha t 
a-t ocopherol i s  added t o  c ured-meat produc ts  at 500 mg/ kg and tha t  30 g 
o f  these  product s i s  consumed da i ly , the Commi t t ee e s t imates  
that  an addi t i onal i nt ake o f  1 5  mg/ d would re s ul t . Thi s  i s  roughly 
twi c e  the current e s t imated t o t a l  d i e t a ry intake o f  t ocophero l , bu t 
s t i l l  c ons iderably l e s s  than the ADI e s t i mated by the Expert Comni t
tee on Food Add i t ive s .  

Thi s value f or daily  i n take i s m i s lead i ng , howeve r , i n  the case o f  
baco n .  Onl y 7 . 5% o f  the a-toco phe rol  added t o  bacon i s  p resent in the 
e dible port i on a f ter f ry i ng  ( Mergens and Newmark,  1 9 7 9 ) . Thus , the 
concentra t ion o f  a-toc o phero l i n  f ried bacon i s  � 1  mg/ kg . If the 
a verage i ntake of bacon i s  5 . 9  g/ d ,  the i ntake of t ocophe rol f rom thi s 
source would be onl y 0 . 24 mg/ d . 

The LD50  values f or a cute  oral  t oxi c i t y o f  the t ocophero l s  a re 
re lat ive ly high- -o ver  2 , 0 00 mg/ kg i n  rabbi t s , and ove r  4 , 000 mg/ kg in  
ra t s  and  mic e  ( Federation  of  Ame rican Soc i e t i e s  f o r  Experimental 
Bi ology , 19 7 7 ) . 

Exc e s s ive i ntake o f  t ocophe ro l s  lead s t o  hy pervi t amino s i s  E i n  
s everal specie s .  Cond i t ions d e s c ri bed a s  hypervi tamino s i s E have bee n 
re port ed in  guinea p i gs { P rosperi and Bo r se l l i , 1 9 5 5 ) , hams ters  { C z yba ,  
196 6 ) , and chi ck s  { Ma rch e t  a l . , 19 7 3 ) . Howeve r ,  there i s  no convinci ng 
evi denc e  that high i n take-of-rocophe ro l l ead s t o  hy pervi tamino s i s  E i n  
humans ; s imi larl y , phys iologic  bene f i t s  f rom the add i t i on o f  la rge 
amount s o f  vi tami n E t o  the d i e t  have not been demons trated ( Federat ion 
o f  American Soc i e t i e s  f o r  Experimenta l Biology , 19 7 7 ) . 

�he admi ni s tr a t i on o f  a-t ocopherol t o  pregnant  mice , rat s ,  hams ters , 
and rabbi t s  had no t eratogeni c e f fec t s  ( Food and Drug Re sea rch Labora
t o ri e s ,  Inc . ,  19 7 3b ) . a-Tocophero l wa s t oxic  when admi ni st ered in the 
a i r  cel l o f  chi ck emb ryo s  a t  dose s o f  4 8  mg/ kg and h i ghe r ;  however , no 
t era togenic e f fe c t s  were seen at d oses of 0-1 2 0  mg/ kg ( Re id , 19 75 ) . 
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No l ong- t e rm t oxic i ty s t ud i e s  t ha t  examined the carc i nogeni c i t y  
of � -tocophero l ha ve bee n repo rted . Howeve r ,  numerous s t ud i e s  have 
asse s sed the e f f ec t  of a -t ocophe ro l on t he carc i nogeni c i t y  o f  o ther 
agent s .  a-Tocophero l wa s reported to re t a rd the growth o f  spontane
ously occurri ng mamma ry t umors in mice ( Do brovol sk�i a-Za rad skara and 
Adamova , 194 5 ) , reduc e the mort a l i t y  f rom sa rcomas induced by benz o
[a ) pyre ne in mice ( Bo nmassar et a l . , 1 9 6 8 ) , and reduce the inc idence 
of t umor s caused by 3-me t hy l cho lanthrene in mic e  ( Shambe rg e r , 19 7 0 ) . 
Howeve r ,  o the r s t ud i e s  have re vealed no appa re nt e f fec t o f  a -t ocoph
ero l  in  inhi b i t i ng c a rcinoge ni c i t y  ( Demole , 19 39 ; Wa t t enbe rg , 19 7 2 ) . 
a -Tocopherol was no t mutagenic i n  bac terial  mut ageni c i t y  t e s t s  ( SRI 
Int erna t iona l ,  197 9 )  and ha s been re ported to reduc e c a rc i nogen
induced chromosomal damage ( Shambe rger !! a l . , 19 7 3 ) . 

Irrad iat i o n .  Al though irrad ia t ion  te chnology i s  we l l develope d 
to t he point o f  p roduc i ng aes the t ically a cceptable  f ood s tha t  a re 
mi crobiologically saf e  and nonrad i oa c t i ve , the only approved uses  f or 
irrad i a t ion of  f ood a re for  sprout i nhi b i t ion o f  potatoes  and i nsec t  
di s i nf e s ta t ion o f  whea t and flour ( Food and Drug Admini s tra t i o n ,  
1981 ) . Al s o ,  a l though they a re approved , the re has been n o  c ommer
cial appli c at ion of the s e  use s  o f  irradiation.  

The Fo od and Drug Admi ni s tra t ion i s  deve loping pro posals f o r  t he 
regulat ion o f  irradiated f ood s .  As a f irs t s te p  i n  thi s proce s s , the 
Food and Drug Admini stra t i on ( 19 81 ) publ i shed the re port o f  an i n t e r
na l age nc y  task f o rc e  tha t make s the fol lowi ng recommenda t i ons : 

• �hat  food i r rad ia ted a t  doses  o f  100 ki lo rads ( krad s )  o r  l e s s  
b e  c ons idered wholesome and s a f e  f o r  human consump t i o n .  

• �ha t f ood i r radia t ed a t  d o s e s  exceed ing 1 0 0  krads b e  subj ec t 
to t oxi c i t y  test i ng cons i s t i ng o f  a ba t t e ry o f  four short- t e rm  
mutagen i c i t y  t e s t s  and two 9 Q-d f eeding s t udies  ( o ne in  rodent s ,  one 
in nonrodent mammal s ) .  

• Tha t a f ood c la s s  making up no more t han 0 . 01% of  the dai ly  
die t and  irradiated a t  5 �rad s or le s s  be cons idered safe  f o r  human 
consumpt i on wi thout t oxi c i t y  t e s t ing . 

The ma j o r  conc ern rega rd i ng s a fe t y  ha s bee n  the lack o f  adequat e 
inf orma t i on on the chemi cal produc t s  o f  i rrad i a t ion.  Convi nc ing 
evidenc e  rega rd i ng the wholesomenes s  o f  many irradiated food s has 
been obt ained ( Anonymous ,  1981 ; Ba rna , 19 7 9 ;  Re be r e t  a l . , 1966 ) . 
Toxi c i t y  s tudi e s  have bee n conduc ted  on ir rad iated chi cken and f i s h 
( a s  well  as  a wide vari e ty o f  o the r f ood s tuf fs ) . Long-te rm s tudi e s  
in two rodent spec i e s ,  a thre e-genera t i on re product ion s tudy i n  
rodent s ,  and a 1-yr s t udy i n  d ogs o n  t h e  e f fec t s  o f  i ng e s t ing 
irrad iated  chi cke n showed no adver s e  e f f ect s  ( Joint  FAO/ IAEA/ WHO 
Expert  Commi t tee on t he Who le somene ss o f  Ir radi a t ed Food , 19 7 7 ) .  
Short-t e rm  s t ud i e s  i n  mice , rat s ,  and dogs fed e i ther mixed evi sc er
a ted cod (a nonf a t t y  f i sh) and red f ish ( a  f a tty  f i s h )  or o the r f i sh 
showed no adverse e f fect s ( Joint F AO/ IAEA/ WHO Expe rt Commi t tee on the 
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Who lesomene s s  o f  Irrad iated Food , 19 7 7 ) . The mixed cod and red f i s h  
materi al has also  been t e s ted in  rats  i n  l ong-t e rm , mul t igenerat ion 
re product ion,  dominan t-le tha l ,  and cytogene t i c  stud ie s .  No adverse 
long- t erm e f f ec t s  were s een . 

The Jo int F AO/ IAEA/ WHO Expert Commi t tee on t he Wholesomeness  o f  
Irrad iated Food ( 19 7 7 )  ha s s t re s sed  that toxicologic approache s 
to  the asse ssment of  irradia ted f ood mus t  be based on the concept  
o f  food irrad iation a s  a proce s s ,  and no t a s  an add i tive .  That i s ,  
the Jo int Commi t t ee c onc luded that the t oxicolog i c  evaluat ion o f  
irrad iated food d i f f er s  f rom the s a f e t y  evaluat ion of chemicals  
added t o  f ood . In  its  re port , the Jo int  Commi t t ee s ta ted : "It  i s  
im prac t icable t o  exaggerate  the f eed i ng leve l s  o f  irradiated food s 
i n  animal studies  beyond a mode s t  degre e , nor i s  i t  appropriate  t o  
exaggerate  the radiat ion dosage much beyond tha t t o  b e  used in  prac
t ice . Ei ther of these prac t ices give s  ri se to  e f fec t s  whi ch a re not 
re l evant t o the toxicological  potent ial  of the irradiated food . The 
evalua t i on of t he who lesomeness  o f  i rrad iated f ood s the re f o re poses 
problems o f a diff erent kind f rom those encountered wi th food add i
t ives or  contaminant s  and it  consequent ly  require s a d i f f erent 
ap proac h . "  

Al though the Joint Commi t tee has also  recently  c onc luded tha t  
" the ir radiat ion o f  any food commod i t y  u p  t o  an overall  average dos e 
of  10 kGy [ 1  Mrad ] pre sent s no t oxicological hazard ;  hence , t oxico
logical  t e s t i ng of  food s s o  trea ted i s  no longer required"  ( Anonymous ,  
19 81 ) , and the doses used t o  t reat  c ured meat s  a re within thi s range 
( Chapte r  5 ) , the presen t  Commi t t ee is unaware of  any pub lished 
re port s on l ong-t erm t oxicity  t e s t s  of i rrad iated f oods c ontaining 
ni t ri t e , i . e . , no long-t erm tes t i ng ha s been done on  irrad iated cured 
produc ts . 

Al ternat ive s  Current ly No t Ap pro ved f o r  !Jse  in  Foods 

Fumara te E s t ers . Se veral chemical analogue s o f  methyl  and e thy l 
fumarat e es t ers  are be i ng s t udied  f o r  ant i botulinal ac t ivi t y  
( Huht anen , u . s .  De pa rt ment o f  Agri cul ture , persona l  communi cation ,  
19 8 1 ) . I n  l imi ted t e s t s  conducted wi th monome thylfumarate and 
monoethy l f umarate at 1 , 2 50 mg/ kg in bac on ,  promi s i ng re sul t s  were 
achieved . Howeve r ,  i nforma t ion on the metabo l i sm and toxi c i t y  o f  
these compound s i s  not avai lable . 

CONCLU S IONS AND RECOMMENDAT IONS 

On the bas i s  of the evidence pre sented , the Commi t t ee has con
c luded tha t  the add i t ion  of ascorba t e  to c ured mea t s  at 550  mg/ kg i s  
unlikely t o  re sul t i n  adve rse hea l th e f f ec t s i n  humans . Howeve r ,  
add i t iona l  test s o f  the mutagenic i t y  o f  a sc orba t e , e spec ially  in  
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combinat ion wi th a-t ocopherol and sodium ni tri t e , may b e  warranted . 
I f  mutagenic produc ts  a re f ormed , animal t oxi c i t y  a s says of  t hi s  
combina t ion o f  agent s may also  b e  prudent . 

I f  t he spec ies  o f  lac t ic-ac id-produc i ng  bac t eria t o  be used a s  an 
a l t ernat ive t o  ni tri t e  d i f f er s  from those  al read y  in use in food s ,  
the Commi t t ee re commend s t hat  the nece s s a ry t oxicologic e valua t ion be 
conduc ted . The heal th implicat ions of  add i ng lac t ic acid to  mea t s  i n  
suf f ic i ent amount s t o  re t ard outgrowth o f  c .  bo tulinum spore s a re 
unclea r ,  because i nf o rmation on ch roni c  toxi c i t y  i s  absent and 
because natura l in vivo produc t i on of lac t i c  acid f ar exceeds the 
amount tha t woul�be i ngested i n  the mea t  produc t s .  

The Commi t tee recomme nds tha t  i nc reased c onc e ntrat ions o f  sodium 
chl oride no t be consid ered a s  an a l t ernat ive t o  ni t r i t e  a t  thi s t ime , 
because o f  pos s i ble adve rse e f fec t s  of  the result ing i ncrease i n  
sod ium i nt ake . Simi larly , because smoki ng may f o s t e r  the f o rmation 
o f  n i t ro s amine &  i n  meat s ,  the Comni t tee  recommend s t ha t  i t  not  be 
consi dered a s  an alt ernat ive to ni t ri t e .  

Although sorba t e  a lone doe s  not appear to  b e  t oxi c , t he c ombina
tion o f  sorba t e  and ni t r i t e  re sul t s ,  under  some cond i t ions , i n  the 
forma t i on of mutagenic reac t ion produc t s .  The Commi t te e  recommends 
tha t the f ollowi ng as says be conducted wi th charac t eri zed s orbat e
ni tri te  reac t ion produc t s ,  to perm i t  a more c omple t e  determinat ion o f  
the pos s i bl e  advers e  e f f ec t s  of  the combination  o f  ni t r i t e  and sorbat e 
in mea t s :  short -t e rm a s says with mamma lian ( i nc lud ing human) c e l l
cul t ure systems , acut e and chroni c toxi c i t y  tes t s ,  and toxicokine t i c s  
s t ud ies . 

Ow i ng t o  the pauc i t y  o f  t oxic i t y  data on  sod i um hypophosph i t e , 
the Commi t t e e  recommend s tha t the nece s sa ry t oxi c i t y  t e s t s  be under
t aken to a sc er t a i n  i ts s af e t y  for use a s  a subs t i tute  f or n i t r i t e  i n  
cured meat s .  

Al though t he add i t ion o f  a -t ocophero l t o  c ured mea t s  a t  a 
conc entration o f 500 mg/ kg i s  unlike l y  t o  have adverse e f fe c t s  on 
human heal th , mutagenic i ty  t es t s  and acute and subchronic t oxi c i t y  
tes t s  o f  combina t i ons of a -t ocophero l ,  ascorbat e , and ni t ri t e should 
be c onduc ted t o  d e t e rm i ne whe ther toxic reac t ion produc t s  are f o rmed . 

The Commi t te e  recommend s tha t tox i c i t y  s t udie s o f  irrad iat ion 
focus on the e f f ec t s  of  i r rad i at ion i n  combina t i on with t he add i t ion 

. o f low concentra t i ons of ni tri t e  (4 0 mg/ kg ) . 

If  o the r subs t ance s , s uch a s  t he fumara te e s t ers , a re f ound t o  be 
e f f ec t i ve ant imi crobial  agent s i n  a va ri e t y  o f  mea t produc t s  when 
tested under c ommerc ial  c ond i t i ons , the Commi t t ee recommends tha t  
toxi c i t y  t e s t s  be c onduc ted o n  the s e  agent s a s  we l l .  
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CHAPTE R 1 1  

DEVELOPME NT AND EVALUATION O F  ALTERNATIVES TO NITRI TE 

Thi s chap t e r  pre sent s the re sul t s  o f  the Commi t t e e ' s delibera t i o n  
on t wo a spects  o f  i t s  charg e :  t h e  l ong- t e rm  approache s t o  the d eve l
opment o f  al ternat ive s tha t the Commi t t e e  fee l s  are mos t  like l y  t o  be 
pro f i table a nd the mos t appropr i ate ways i n  which t o  eva luate t he 
efficacy o f  alt erna t ive s .  Throughout thi s chap te r ,  the empha s i s i s  
on a nt imi crobial a lterna t ive s , be cause f r om t he p oint o f  v iew o f  
hea l t h  protect ion the need f o r  such alt erna t ive s  i s  mo s t  o bvious . 

DEVE LOPMENT O F  ALTERNATIVES TO NITRI TE : LONG-TERM APPROACHES 

An t imicrobial Al ternat ive s 

On the bas i s o f  i t s  a s se s sment o f  t he antimi crobial  e f fe c t s  o f  
ni t r i t e  ( Nat i ona l  Academy o f  S c ience s , 1981 , Chapte r 3 ) , the 
Commi t tee c onc luded that re search i ntended to d eve lop replacement s 
should focus primarily  o n  agent s o r  te chnique s for  i nhibi t i ng the 
growth of spore- f orming microorgani sms , because of the i r  role i n  t he 
causat ion o f  botuli sm and produc t spo i lage . 

Much e f fort has been d evo ted i n  the l a s t  decade t o  i denti fying 
poten t i a l  ant ibo tulina l o r  ant i c lo s t rid ia l replacement s f o r  ni tri t e . 
Th i s  e f f ort has  met w i th l i t t le s ucce s s--perhaps not surp r i s i ngly , i n  
view o f  the f o rmidable re s trict ion s inherent i n  find i ng a n i t r i t e  
re placement . Such a n  agent not only mus t  be e f f i cacious a nd have 
neg l igible  re s i s tanc e l iabi lity , bu t mus t  be stable during proces s i ng 
and s torage , and , because o f  the wide spread antici pated e xposure o f  
the human population t o  the agent , i t  mus t no t pos e ·any toxicolog ic 
threat , e i ther d i re c t ly or  through i t s  metabo l i t e s  o r  reac t ion 
produc t s .  

A number o f  the q ual i t ie s  e xpec ted o f  an antimicrobial f ood addi
t ive are  s imi lar t o  thos e  re quired  o f  therapeut i c  ant imi crobia l s . 
The Commi t tee there fore e xamined approache s t o  the deve lopment o f  
spe c i f i c  ant imi crobia l agent s tha t are now being used , t o  a limi t ed 
extent , i n  t he pharmaceut ical i ndustry . The se approache s ,  o u t l ined 
in mo re detai l in Append i x  B ,  capitalize  on biochemica l d i f f e renc e s  
be tween humans and t he m i croorganisms t o  b e  inhibited . A " t arg e t" -
i . e . , a component , such a s  an enzyme , involve d in a proce s s  e s sent i a l  
to m icrobial s urvival o r  proli ferat ion--i s chosen that i s  a bsent i n  
the human o r  i s  o f  a d i f ferent s tructure ( se e  also  Append i x  C) , and 
compounds that i nterac t specif ically wi th the targ e t , there by 
inhibi t i ng growth , a r e  deve lope d o r  selected . 

Ap plica t i on o f  thi s a pproach was cons idered by t he Commi t tee 
to be rat i ona l in the sea rch for ant imi crobial alternat ive s 
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t o  ni trite . In examining i t s  feasibil ity , the Commi ttee focused on 
Cl ostrid ium botulinum as  the pathogenic microorganism o f  major  con
cern in  cured-mea t product s  and a s  a sui table re pre sentat ive of  the 
c lostridia and spore-f orming bacteria in  general . 

Some d i s t inc t processes  or  event s can be recogni zed in  the pro
gre ssion that  culminates in a food that  i s  spoi led or contaminated 
wi th  botul inum toxi n .  Thes e  are shown in Table 1 1-1 , wi th  example s 
o f  factors that  inf luence t hem .  The Commi ttee be lieves  that efforts 
to arrest  the progression toward toxi n synthesi s o r  spoi lag e should 
focus on t he early events in the sequence ( before cell  mult iplica
t ion) , because these  event s have no metabolic  equivalent s in  humans . 
Addit ionally ,  a f ter outgrowth has occurred , increasingly large  
numbers of  ce l l s  would have to be  inhibi ted to  arre s t  the  pro
gress ion ,  and , i f  the i nhibit ion fails , the durat ion of temperature 
abuse requ ired for  toxi n synthesi s would be correspondingly shorter .  

In an e f fort t o  ident i fy targets  i n  £• botul inum to  which the 
approach out lined in Append i x  B could be applied , the Commit tee 
examined the l itera ture on c .  botulinum spores  and the physio log ic 
processe s  by which they deve lop into repl icating vege tat ive cells . 
However , t he l iterature i s  meager . As pointed out by Smoot and 
Pi erson ( i n  pres s ) , work on the spore s o f  aerobi c microo rgani sms 
( s uch as baci l l i ) , because of i t s  greater c onvenience , has  taken 
precedence over  tha t on  the anaerobi c clos trid ia .  Moreove r ,  wi thin 
the l a t ter group , c .  botulinum has been neglec ted in  f avor of s tud ies 
on nonpa thogeni c specie s .  The Commi ttee the refore conc luded tha t too 
l it t le is  now known about the deve lopment o f  c .  botulinum spore s  into 
ce lls  to  jus t i f y  focusing on one possible targe t i n  a program to  
design an ant ibotul inal  agent . Nonetheles s ,  the Commi t tee remains 
convinced tha t the approach is a rat iona l one fo r developing alterna
t ives t o  nitri te . 

To gather the i nf ormat ion t hat  would f ac i l i tate i dent if ication of  
sui tabl e targe t s , such a s  the crit ica l  s teps  in  the spore-to-ce l l  
trans i t ion ,  t h e  Commi ttee recommends concurrent pursuit  o f  several 
type s o f  invest igation .  

Ba sic  research i nto t he physiology o f  £• botulinum ( and o ther 
mi croorganisms no t de s ired in mea t  produc t s )  i s  needed to ident i fy 
peculiari t ies in  their  me tabolic  processes that  might prof itably be 
exploited to contro l their  growth .  Pre liminary ind icat ions of some 
possibi l i t ies  a re noted i n  Ap pend ix c . In the case o f £· botul inum 
and o ther spore-formers , s tudie s should focus primari ly  on spore 
outgrowth , but the i njury o f  spores ( Foeged ing and Busta , 1 981 ) o r  
the i r  dormancy , re si stance t o  at tack , act i vat ion , and germination 
should a l so be invest igated . The contro l o f  vege tat ive-cell mult i
plication  o f  bo th  spore-forming and non-spore-forming mi croorgani sms 
a lso need s s ome f urther inve s t igat ion.  

One means o f  investigating proces se s  involved in  the spore-t o
cell  transi t ion i s  examinat ion o f  the mechanism o f  act ion o f  agent s 
tha t  promo te pa rt icula r s teps in  the sequence , e . g . , the effec t of  
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TABLE 1 1-1 

S t ages in the Produc t ion o f  Toxin f rom C .  b o t u l inum S pores
a 

Pro c e s s  

Maint enanc e o f  s pore 

Ac t ivat ion o f  spores 

Germina t ion of 
spores 

Ou t gr owth of spores 

C e l l u lar mul t i p l i
cat ion 

Tox i n  synt hes i s  

Ma i n t enance o f  
toxin a c t i v ity 

Adver s e ly Af f e c t ed By 

H ea t  ( w i t h  low pH ) , 
carb ony l  compound s ,  
r ad iat ion 

Ref r i gerat ion 

Sorba t e , D-alanine , 
NaC l ,  pH ext remes , 
D- c ys t e ine , e x t r eme 
t emper a t ur e  

N0 2 • NaCl , l ow � ·  
low pH , low t emper
at ure 

Low or h i gh t empera
t ure , l ow  a , 
low pH , rad!a t io n  

H ea t  ab ove 80 ° C ,  
prot eo lys i s  

Promo t ed By 

Dehydra t ion , opt imum pH 
o p t imal pH 

Mild hea t i ng , acids , t h i o l  
compounds 

L-Alan in e , L-cys t e i ne ,  
carbon d ioxide o r  b icarb
ona t e , c a l c i um lac t a t e  

Some carb ohyd r a t e s , 
c a t i ons 

S u i t ab i l i t y  As 
Pr imary Targetb 

+++++ 

++++ 

++ 

+ 

d 

as o u r c e s : Ando , 1 9 7 3 ,  19 7 4 ; B ened i c t , 1980 ; S akaguchi , 1 9 7 9 ; Smi th , 19 7 7 ; Smoo t and P i er s on , 
in p r e s s . The l i s t  o f  agent s promo t ing or adve r s e l y  a f f e c t ing proc e s s e s  is no t int ended to 
b e  exhaus t iv e . 

b+++++ = h igh , + = low , - • uns u i t ab le .  S ee t ex t . 
cA numb er of a l t er na t ive "ro u t e s "  o f  germinat ion probab l y  e xi s t  ( Fo e g ed i ng and Bus ta , 1 9 8 1 ) , 

r end er ing b l ocking o f  al l nec e s s a r y  to inhib i t  the proce s s . 
dTox i n  a c t iv i t y  may b e  d e s t royed by some adve r s e  i n f l uences , e . g . , cooking , b u t  produc t s  may 

be c ooked insuf f i c i ent l y  to d e s t roy toxi n or not at al l . 
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carbo n  dioxide o r  L-a lanine on spore germination . Howeve r ,  more 
bas i c  s tudi e s  a re a lso needed- -e . g . , on  the metabolic pathway s  
involved i n  the s e  proce s se s  and on the enzyme s . Othe r s t udie s a re 
needed t o  de termine t he mechani sms whe re by some microorgani sms ( o r  
the i r  spore s )  are more res i s tant t o  pa rt i cula r s t re s se s than are 
o ther species . Fo r e xample , why a re Baci l lus s tearothermoph i lus 
spore s considerably more re s i stant t o  hea t than £• botulinum spore s ?  

Inve s t igat ion o f  t he modes o f  a c t ion o f  t he known i nhi bi t ors o f  
c . botulinum i s  desirable , because i t  would probably revea l potential  
targ e t  s i te s  f o r  a program t o  d eve lop agent s t hat i nhibi t spore
f o rmi ng mi croorgani sms . I t  i s  o f  l i t t l e  consequence that a known 
agent may be  a r e lat ive ly weak i nhi bitor--i t i s  s t i l l  l ike ly t o  be a 
usefu l  too l tha t could he l p  i n  ident ifyi ng a point o f  suscep t i bi li ty 
on whi ch f urther s tud ies  c ould capitalize . S ome p o s s i bi li t ie s  a long 
the s e  line s  a re di scus sed i n  Append i x  c .  Furthe r inve s t igat ions of  
the mechani sms o f  a c t i on o f  nitrite  against c . botul inum and o ther 
organi sm s  should be g ive n high pri ori t y , because they would yield 
i nf ormat ion o n  one t arge t  s.ite t hat i s  already known t o  be highly 
suscept ible to at tack.  The rea sons for the res i s tance o f  some micro
o rganisms t o  n i tr i te a lso need i nve s t igat ion . 

In studie s o f  bo t h  phys iolog i c  proc e s se s and me chani sms o f  inhi
b i t ion, the Commi t tee b e l ieve s  tha t  e xper iment s s hould be d e signed t o  
yield i nf orma t i o n  that i s  re lated c losely t o  the mi croenvi ronment & of 
the meat , p oul try , a nd f i sh p roduc t s  t o  which n i t r i te is now added . 

In re cen t de cade s ,  ther e  ha s bee n  l i t t l e  fund ing for  research on 
spore-f orming m i croorg anisms o f  import ance i n  f ood s ,  and f ew f orums 
have bee n  avai lable for the exchang e  of info rmation among inve s t iga
t or s  i ntere sted i n  the pro blems pertaining t o  t he se mi croorganisms . 
Therefore , the Commi t t e e  recommend s that , a s  a prel imina ry s t e p  i n  
i ni t iating re search programs i n  t he subjects  noted here , a n  interna
t iona l workshop be convened f o r  the exchange o f  i nf o rmat ion o n  recent 
d eve lopment s a nd f or d i scussion of the speci fic d irect ions most 
ap pro priate f o r  work i n  each subjec t . 

It  cannot be s tated wi th c e rtainty that the i nformat ion d e rived 
from the stud ie s  out lined he re wi l l  enable the rap id  ident ification 
o f  e as i l y  e xploi table p o int s o f  s uscep t i bi lity  i n  t he physiology o f  
c . bo tulinum o r  o ther mi croo rgani sms . Eve n i f  such targe t s  are 
ident ified , t he d eve lopment o f  agent s that a t tack them and e f f ec
t ivel y  inhi bi t und e s i red  mi croo rgani sm s wi l l  s t i l l  be a long and 
possibly e xpens ive proce s s ,  as wi ll  be the t oxi cologic  evaluat ion 
nece ssary to ensure tha t no adverse health effect s would re su l t  from 
their u se i n  f ood s .  However ,  t he Commi t tee s t rong ly recommend s 
support f o r  re sea rch into the physiolog y o f  spo re-formi ng bac t e ria , 
part icularly t he spore-t o-cell  t rans i t ion , i n  s uch microorg ani sms . 
Such resea rch i s  far more like l y  than an emp i ri ca l screening program 
t o  y ie ld l ong- t erm improvement i n  the safety o f  c ured mea t s  and o ther 
food produc t s . 
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Antioxidant Al t erna t ive s 

Re search o n  i nhi bi t ion o f  lipid  oxidation i n  cured p roduc t s  poses  
perhaps the mos t  s trai ghtforward challenge i n  developing alternat ive s 
to nitri t e . Thi s  subject i s  d i scus sed fully in Chapter 6 .  

Alternat ive s f o r  Sensory Ef fect s 

The most  a ppropr i a t e  s t ra tegy f o r  deve loping a l ternat ives t hat 
conf e r  senso ry charac t e ri s t i c s  s imi lar t o  those produce d by n i t r i t e  
wi l l  be d e termined larg e ly b y  t h e  resul t s  o f  re search s ugge sted i n  
the Commi t t e e ' s  f ir s t report  ( Nat iona l  Academy o f  S c i ence s , 1981 ) and 
Chap ters  7 a nd 9 of t h i s  report . Fo r e xample , i t  i s  necessary t o  
know wha t contribut ion ni t ri t e  make s t o  f lavo r i n  d i f f e rent  product s ,  
whether there i s  a d ose-re sp onse r e lat ionship be tween n i t r i te  addi
t io n  and flavo r , and , i f  so , wha t form i t  take s . S imilarly , i t  i s  
nece ssary t o  know how mutable a re t he putat ive c onsumer prefere nces 
for pa rt icula r f lavo r s  and color s in product s  and how the abi l i t y  t o  
d i scr imi nate c ured-meat f lavo r i s  d i s t r i buted i n  t he general p opu
lat ion . Al though i t  appear s  tha t n i t r i t e  make s a s igni f i can t cont r i
but ion t o  the f lavor o f  ham and ham-based produc t s , i t  i s  d e s i rable 
to know how. 

The a nswers  t o  these q ue s t i ons s hould c lari fy t he need f o r  a lter
nat ive s t o  ni tri t e  in the produc t i o n  of  sensory effect s and hel p  i n  
defining t he requi rement s o f  a lternat ive s ,  i f  needed . 

EVALUATION METHODS AND EXPERIMENTAL DESIGN 

The Commi t te e  i nc lude s a t  thi s po int  a d i scuss i o n  o f  some consi d
erations i t  believe s a re pert i nent t o  the design o f  f uture s tudi e s  t o  
ensure tha t  the maxima l amoun t o f  usefu l data i s  provided and tha t  
such d ata a re ,  a s  f a r  a s  i s  p o s s i ble , amenable t o  c ompa ri son among 
stud ie s .  

An t imi crobial E f fec t s  

One problem e ncountered b y  t he Commi t tee i n  i t s evalua t i on o f  
alt ernat ive s t o  ni t ri t e  wa s i n  extract ing comparable dat a from pub
l i shed re port s o n  the e f f i cacy o f  antimicrobial agent s . Th i s  problem 
arose  pa rt ly becaus e n i t ri t e  ha s a mul t i plic i t y  o f  ant imi crobia l 
effec t s . Many i nve s t iga tors have worked with Clostrid ium botulinum, 
but those mo re intere s ted i n  pu trefact ive spo i lag e o r  no t equippe d t o  
cope with pa thogens l ike £ ·  bo tul inum have o f ten chosen t o  u s e  £· 
sporogene s . A few have chosen t o  addres s the effec t s  o f  n i t r i t e  on 
o ther microorg ani sms . Di f ferent e nd points  have been u sed to measure 
the e f f i cacy o f  ni tri te  o r  alternat ive agent s . The end point s used 
have i nc luded t he perc entage of i noculated package s  t hat have become 
toxic , spoi led , or swo l le n  a t  va riou s  t ime s and the t ime to f i r s t  
appearance o f  swe l l i ng o r  t oxi c i t y  i n  a s e t  of  package s .  S e lect ion 
of the be s t  mea sure of ant imi crobi a l  e f f icacy is d i scus sed be low . 
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Invest igat or s have also  varied in the i r  choice  o f  system in whi ch 
t o  t e s t  t he a nt imicrobia l a c t ivi ty o f  n i t r i te and a lt e rna t ive s t o  
i t . System s  have inc luded t e s t -tube o r  Pe t r i-pla t e  t e s t s and the use 
of c ontr o l led , d e f ined laboratory med ia and cond i t ions ; water  s lur
rie s o f  mea t hea t -proce s sed  in tube s o r  bot t le s ;  mea t  produc t s  
proces sed a nd gene ra l ly vacuu�packaged i n  t e s t  t ubes o r  cans ; prod
uct s mad e and pa ckage d  i n  p i l o t  plant s ;  and c omme rcially mad e 
product s .  The c la s s i cal t e s t- t ube a pproach o f fers  mo re contro lled 
cond i t ions , a rela t ive l y  s ho r t  t ime to obta i n  data , read y availabi l
i t y o f  e quipment , a nd l ower re search c o s t s . The t e s t-t ube approach 
ha s yielded intere s t i ng re sult s ,  bu t the pract ica l appli cabi l i t y  of 
s ome o f  the d a t a  t o  c ommerc ial ly made produc ts i s  q ue s t ionable . The 
ant imi crobi a l  activi t y  o f  a part icula r compound i n  labo rat ory med ia 
may not be repl ica ted in mea t s y s tems , part icularly i f  t he agent i s  
lipophi lic . Fo r example , Robach e t  al . ( 19 7 7 ) reported tha t butyl
a t ed hydroxyani sole ( BHA) a t  5 0  mg /ki:e f fect ive ly i nhibited t he 
growt h o f  Vi brio pa rahaemo lyt icus i n  t rypt icase soy bro t h , bu t 4 00 
mg/kg was nece s s a ry f or i nhibit ion i n  a c rabmeat homogenate . 
Kleindworth e t  al . ( 197 9 )  reported a s imi la r re sult o n  the effec t of 
BHA on  the growth o f  Clostridium perf r i ngens in culture med ia with 
and wi thou t added lipid . Robach and Pierson ( 197 8 )  reported inhi bi
t ion of c .  botul inum spore s in culture med ia by propyl paraben at 2 5  
mg /kg . Bu t fu rthe r wor k  repo rted b y  Taraka e t  al . ( 19 7 8 )  ind i cated 
that parabens we re not  as e f fec tive i n  inhibi t i ng c . botulinum i n  
mea t emul s ions a s  i n  culture med ia . Work by Robach e t  al . ( 19 8 1 )  
i nd i cated that g lycery l  monolaura te was largely unava i lable f o r  anti
mi crobial  act ion i n  the aqueou s pha s e  o f  food systems , because o f  i t s  
greater a f f ini t y  f o r t he l i pid s  i n  such sys tems . 

Whi cheve r me thod i s  s e lected t o  t e s t  the ant imi crobia l e ff icacy 
o f  c ompound s , a c ompound must be thorough ly t e s ted in mode l meat 
systems or i n  actua l  prod uc t s be fore it s feas i bi l i t y  as an a l terna
t ive t o  n i t r i t e  c an be de termined . 

The Commi t tee d i d  no t fee l i t  wa s jus t i f ie d  i n  speci fying one 
part icular a p proach or t e s t ing me thod in pre fe rence to anothe r ,  i nas
much a s  each provide s  use f u l  informat ion . Howeve r ,  out line d be low 
a re the i s sue s t ha t  the Commi t t ee f ee l s  re searcher s  and sponsors 
should cons id e r  in de signing expe riment s to compare ni tri t e  wi th 
p o s s ible a l terna t ive s .  

Ov erall Ob ject ive s  o f  Ef f icacy Evalua t ion . Fo r a s s e s sment o f  
ant imi crobia l agent s a s  po s s ible mea t  pre servat ive s , expe rimentat ion 
must e lucidate e ach agent ' s  s pec trum of ant imi crobial a c t ion,  i t s  
quant i tat ive ant imi crobia l act ivity , the effect s o f  produc t charac
t eri s t i c s  ( e . g . , pH , aw , and brine concentrat ion) t hat i nf luence 
t h e  a c t ivi ty , the e f fect  of curing ad junc t s  ( e . g . , a scorbate and 
pho sphat e s ) , and the effect  o f  proce s s i ng treatment s tha t  the agent 
would e ncounter i f  u sed . In cured mea t s , t he microorgani sms o f  
prima ry concern a r e  the spore-forming bacteri a , parti cularly c .  
botul inum, i n  p roduc t s  heated s u f f i c iently t o  d e s t roy t he more heat
sens i t ive vege tat ive cell s of  spoi lag e o rgani sms and such foodborne 
pa thogens as S taphy lococcus aureus and sa lmone l lae . However ,  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

A l t e r n a t i v e s  t o  t h e  C u r r e n t  U s e  o f  N i t r i t e  i n  F o o d s :   P a r t  2  o f  a  2 - P a r t  S t u d y
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 6 3 5

http://www.nap.edu/catalog.php?record_id=19635


1 1-9 

othe r bac t e ria , mo ld s , and yeas t s are also o f  concern , pa rt icula r ly 
as  spoi lage agent s .  The u l t imate  e nvironment i n  which t he ant i
mi crobia l e f f e c t  mus t be exe rted i s  o bviously  the mea t produc t , who se 
charac teri s t ic s , as we ll as packag ing a nd s torage , may i nf luence t he 
ac t ivi t y  o f  the agent . Te s t i ng can be done i n  laborat ory med ia , mea t  
s lurri e s ,  o r  produc t s ;  once t he t e s t  system i s  chosen , a spec i f i c  s e t  
o f  environmenta l cond i t ions--pH , sa l t  concentrat ion , spo re inoculum , 
e tc . - -must be d e f i ned a nd s tandard i zed . Thus , t here a re innume rable 
pos s ible combinat ions of environmenta l factors i n  which the act ivi t y  
of  agents  against t h e  spectrum o f  target o rgani sms c a n  b e  t e s t ed . In 
add i t ion , the s ta bi l i t y  o f  the agent  during product ion procedure s ,  
e specially heat t reatments  and emul s i f i cat ions , must be considered . 

Informa t ion on the me chani sm by whi c h  ant imi crobia l effect s a re 
brought a bout c ould a l so be s ought ; s uch i nforma t i on i s  o f ten u seful , 
for  example , i n  ident if ying fac t o r s  tha t might i nf luenc e ant i
microb ia l a c t ivity  o r  possi ble t oxic e f fec t s .  

Tes t  Organi sm s  and Inoc ulat ion Procedure s .  f·  bo tulinum i s  
generally  cons idered t o  b e  t h e  spec i e s  mos t  signi f i can t f o r  
ant imicrobial t e s t ing o f  p o tent ial meat prese rva t ive s , a t  least f r om 
a publi c-hea l t h  point o f  view.  The Commi t t e e  concur s i n  thi s view , 
but s ugge s t s  that the need t o  inve s t igate e f f icacy against o ther 
pa thogens and spo i lag e o rgani sms , such as more  he a t -re s i stant 
clos tri d ia l i ke £• sporogene s ,  n o t  b e  neg lected . However ,  £· 
botulinum can serve a s  a n  exampl e  o f  the experiment a l  de s ign 
c onsiderat ions t hat  a re a l so relevant t o  o ther microorg ani sms . 

Wi t h  c .  botulinum , one mus t  def ine the "typ e "  ( A ,  B ,  o r  E ) or 
combinat ion of t ypes to be t e s ted a nd s e lect  one o r  more s t rains 
re pre sentative of tho s e  occurri ng in nature , e . g . , proteo ly t i c  or 
nonpr oteolyt ic . S pore s o r  vegetat ive c e l l s  must  be s e lected a s  t he 
tes t inoculum , and the cond i t ion s o f  preparation o f  the inoculum 
( e . g . , med ium and incuba t ion t empera ture) mus t be def ined and s tan
da rd i zed . The inocula  mus t be s tored unde r def ine d  cond i t ions that 
do not i nf luence t he resu l t s .  The me thod of applica t i on to the f ood 
produc t und e r  stud y  mus t be def ined . If  a dry inoculum i s  used , s o  
a s  not t o  change t he wa ter a c t ivity , t he d ry ing e f fec t s  o f  t he i nocu
lum mus t be considered . I f add i t ion o f  the inoculum introduce s wat e r  
or  cult ure med ium ,  i t s i nf luence on  product water a c t ivity need s 
cons id erat ion . S tandard i za t ion o f  inoculat i on procedure s and docu
mentat ion o f  the  number s  o f  viable spore s  o r  c e l l s  inoculated a re 
essent ia l t o  fac i l i t a t e  compa ri son s o f  re sult s among stud i e s . Timi ng 
o f  i nocula t ion mus t be  def ined , i . e . , before proce s s ing , a f ter the 
add i t ion o f  the ant imi cro bia l agent , o r  af te r the ent i re produc t has 
been proces sed . The inoculat ion t ime and approach wi l l  o f ten be 
def ined by the t ype of food produc t tha t is unde r cons idera t i o n .  

Te s t  S ys tem. As no ted a bove ,  wi th s ome t ype s of antimicrobial 
agen t- -spe c i f i ca l l y  highly lipoph i l i c  one s--the syst em in which ant i
microbial e f f icacy i s  t e s ted i s  extreme ly impo rt ant . Ac t ivity i n  
s terile laboratory med ia may d i f f e r  s igni f i cant ly from behavior i n  
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comme rcia l food ma teria l s  processed  und e r  norma l manuf ac turing cond i
t ions a nd i s  thus not a rel iable g uide to l i ke ly e f f icacy in commer
cial produc t s .  The Commi t t e e  be lieve s tha t agent s mus t  be  t e sted  in 
c ommerc ial produc t s  mad e under a variety  of normal proces s ing cond i
t i on s  before fina l  decis ions are mad e on the fea s i bi l i t y  o f  those  
agent s . Owi ng to  the  expense o f  such t e s t i ng ,  it  acce p t s  t hat t e s t
ing i n  mode l mea t  system s  o r  i n  food ma teria l s  produced und e r  pi lot
p lant or labora tory c ond i t ions is a reali s t ic compromi se for prelimi
na ry o r  explora t o ry t e s t ing , e special ly when a highly contagious o r  
d angerous i noculum i s  i nvolved . Experimentat ion i n  labo ratory media 
may be useful in determining mechani sms of act ion of agent s or in 
providing i ni t ial  i ns ight into re levant but  poorly understood basic 
phenomena , e . g . , the ef fec t o f  red ox potent ial  o n  mi crobi a l  growt h .  

Measurement o f  E f f ec t s .  The e f fect o f  a n  antimi crobial o n  the 
t e s t  inoculum mus t be  measured i n  some way that i s  re lated t o  the 
l ike ly adverse e ff ec t s  that t he o rgani sm would produce i f  i t s  prolif
erat ion were unchecked . In choo s i ng an end point i n  stud i e s  o f  ant i 
microbial e f f ec t s  o n  pathogens , o ne s hould bear i n  mind t he u l t imate 
nee d  t o  re lat e expe rimenta l observat ions t o  possible consequenc e s  for  
human hea lth . Obvious ly , f or f oodborne i ntoxicat ion ,  t he pre sence of  
toxi n i n  the produc t is  the  be s t  measure o f  po tent i a l  haza rd ; for  
i nf e c t ions , t he number o f  organi sms ( e . g . , salmonellae ) is  the  be s t  
guide . 

Cu rre nt ly a vai lable me thod s for  mea surement o f  botulina l  t oxin 
have bee n reviewed by Sugiyama ( 1980) . The y inc lud e mous e inject ion 
and a n  e nzyme- l inked immuno so rbent a s say ( ELISA ) . The f ormer method 
i s  expens ive , laboriou s , and on occasion subj ec t t o  unavoidabl e false 
p o s i t ive s f r om nonspecific  t oxi city  d ue t o  produc t spoi lage . The 
lat t e r , i n  i t s  present f o rm , a l though le s s  labo rious , i s  no t highly 
sens i t ive .  Be tter  method s f o r  detect ing c .  botulinum t oxin o r  growth 
woul d  faci l i t a t e  re sea rc h on and test i ng o f  alternat ive s .  

The a verage t ime t o  spoi lage o r  t oxicity  o f  a pa rt i cular perc ent
age o f  pa ckage s i s  probabl y  the mo s t  use ful me thod o f  compa ri ng 
alte rnat ive s ,  but the extreme s o f  t he ranges o f  t he se measure s , e . g . , 
f ir s t  toxi c pa ckage , are a l s o  important . They represent biolog ic 
vari abi l i ty , s uch a s  the c lump ing o f  spore s  or va riat ion in 
res i s tanc e of o rganism s  to antagoni s t i c  agent s ,  and any one package 
that c on tains t oxin c an be l e tha l . 

Whe n the prima ry objec t ive o f  the study i s  t o  dete rmi ne ant i
microbial e f f icacy agains t bac teria t ha t  cause s p o i lage , more g ene ra l 
measure s , such a s  observa t i o n  o f  ga s prod uct ion o r  swelli ng o f  cans , 
may be a cceptable a s  a means o f  reduc ing experimental c o s t s .  It 
should , howeve r ,  be not e d  that the swelling o f  package s inoculated 
wi th c . botulinum does not  neces sari ly i nd i cate that they a re t oxic , 
and toxin ca n be pre sent i n  unswo llen package s ( Sofos � !l· ,  198 0) .  

S e le c t ion o f  appropr iate c ontro ls  and cond i t ions i s  impo rtant for  
the  accura t e  measurement o f  efficacy . Contro l s  should be chosen t o  
e l icit  t h e  maximal amount o f  informa t i on obtai nable from a part icular 
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study . Fo r example , if a combination o f  agent s i s  t e s ted , t he 
experimental d e s ign s hould e nable t he c ont r i but ion o f  e ach agent a nd 
of add it ive or  syne rg i s t i c  e f fec t s t o  be determined . Cond i t ions 
should be re levant to those l ike ly to be e ncounte red by t he produc t 
during hand ling , e . g . , abuse  a t  tempe rature s rangi ng from the minimum 
that p e rm i t s  growth o f  the t e s t  o rgani sms t o  ambi ent t emperature s ( o r  
above ) . Simula t i o n  o f  no rma l produc t hand ling should b e  conside red , 
e . g . , refri gerated s to rage f o l lowed by abuse , a s  we l l  a s  abuse 
short ly af t e r  proce s si ng .  Te s t s mus t  be long enough to evalua t e  
ant imi crobial a c t ivi t y  o ver t h e  maximal period l i kely before p roduc t 
consumption.  

Evalua t ion o f  An t imicr o bial , Pr oduc t , and Produc t ion-Proces s  
Va riable s .  Co nsidera t ion need s t o  b e  g iven t o  t he f o rm  i n  which t he 
ant imi crobia l i s  used i n  the t e s t sys t em ( e . g . , a s  f re e  aci d o r  sal t ) 
and t o  the f orm i n  whi ch i t  i s  l ike ly t o  be appl ied t o  the p roduct 
duri ng proce s s i ng ( e . g . , a s  s o l i d  o r  i n  so lut i on) . 

A hos t o f  factors l a rg e ly d e t ermined by the na ture o f  the produc t 
need t o  be selected , def ined , o r  control led . The s e  inc lude pH ; 
solut e s ,  i nc luding s od ium chloride , s ugar ,  and curing a d j unc t s ;  aw; 
Eh ; mea t cut , type , age , specie s , and fa t conce ntra t i o n ; gaseous 
atmo sph ere ; and process ing t emperature s a nd t ime s . Such factors  may 
va ry wi thi n charac t e ri st i c range s f o r  pa rt icula r produc t s .  The 
eff icacy of the t es t  agent s hould be t e s ted beyond t he u sual range o f  
va riat ion , t o  a s se s s  the consequence s o f  fai lure t o  reach t a rg e t  
va lue s .  Th e  d egree o f  product contaminat ion, s imula ted by t he i nocu
lum o f  tes t mi croo rgani sms , should be rega rded a s  a t e s t va riable , 
and d i f ferent c oncentrat ions o f  i noculum s hould be u sed . 

Data Col lect io n and Analy s i s .  Ca reful  attention t o  a l l  the fore
going c onsidera t ions may be rendered a lmo s t  useless , if p r i o r  t hought 
is no t also  g ive n to colle c t ion , o rgani za t ion , and analysi s of the 
data g enerated . Me thod s c ould be coord inated between

· 
larg e  s t ud ie s , 

t o  fac i li t a t e  inte rpretation o f  the meaning o f  result s f o r  " rea l
world" s ituat ions a nd to e nable c ompari sons of antimi crobial  e f f i cacy 
to be mad e  eas ily . 

Di scus s ion . The re i s  a need to  t e s t  the ant imi crobial e f f icacy 
of  alt ernat ive s to ni t ri t e  agains t the wid e  va rie t y  of potent i a l  
pa thogens a nd spoi lage o rg ani sms i n  cured meat s ,  i n  a l l  produc t s  i n  
whi ch the i r  use i s  contempla ted , und e r  cond i t ions tha t s imulat e tho se 
l ikely under norma l  and i nadequate produc t proce s sing a nd hand l i ng , 
and wi t h  due rega rd t o  the variat ion s i n  cha rac teri st i c s  o f  the prod
uc t ,  s uch a s  pH and wa ter a c t ivity . S pecif icat ions of protoco l s  f o r  
tes t i ng have no t bee n recommended b y  the Commi ttee , f o r  a varie ty o f  
reasons . Inve s t iga tors w i l l  have pa rt icular intere s t s  i n  e xamining 
alterna t ive s , and generali zed pro tocol s ma y no t be ap pro priat e t o  a l l  
such s i tuat ions . De sign o f  protoco l s  t o  cover a l l  o r  even m o s t  s i tua
t ion s woul d  be a ma j o r  und e rtaki ng tha t wa s beyond the Commi t t e e ' s  
charg e . Us e ful i nf ormat ion c an be generated by we ll-d e s igned 
experiment s conducted on a sma l l  scale or by nove l approache s that 
might be denied s upport if they d id not conf orm t o  a part icular 
protoco l intended to de s cribe ideal , comprehensive stud ie s .  
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The Commi t te e  doe s , howeve r ,  s t rong ly recommend that  pre serva t i ve 
t e st ing be d one w i th f ood materials  a s  s imi lar a s  pos s i ble t o  the 
product s  i n  whi ch ult ima t e  use i s  i ntended . 

An t i oxidant E f fe c t s  

The method s a vai lable f o r  t e s t ing t he e f f i cacy o f  a lternat ives t o  
ni t r i t e  for  inhi bi t ion o f  l i p i d  ox idat ion a r e  d i scus sed i n  Chapter 
6 . Of  these method s ,  it  a ppears that thioba rbi t uri c a c id va lue s , 
used whe re possible  i n  conjunction  wi t h  sens o ry evaluat ion , woul d be 
the most  u s e fu l  f o r  c ompari son . 

Te st ing f or e f f icacy o f  i nhi bit ion o f  l i pid oxidat i on s hould be 
conduc ted in such a manne r a s  t o  s imulat e  the storage and hand ling 
that produc t s  rece ive d uring d i s t r i bution and in c onsumers ' 
posse s s i o n .  

S e nsory Ef fec t s  

Al ternat ive s t o  n i t r i te c a n  be e valua ted t o  answer two q ue s
t ion s : Do consumer s  perceive the produc t mad e wi t h  the a lt e rnat i ve 
t o  be ident ical w i th the c onvent ional o ne?  If not ident ical , is  i t  
a s  acceptable a s  the convent iona l one? 

The Commi ttee believe s that  s a t i sfying the second ( hedoni c )  
cri t e rion jus t i f ie s  cla s s i fication o f  an alternat ive a s  promi s i ng .  
However,  i t  a l so bel ieves  that s ensory evalua t i on o f  spec i f i c  a t tr i
bute s by analyt i c  pane l s  can provid e useful informat ion and should be 
i nc luded in s tud ies  of a l ternatives . 

Evaluat ion s  should , a s  far  a s  possi ble , use experimenta l des igns 
that a l low the magni tude of s ensory d i f ferences among produc t s  to be 
determi ned and tha t show whe the r the abi l i t y  t o  pe rce ive or d i scrimi
na te an a t tr i bute c onf erred by an a lterna tive is l imited t o  part i cu
la r people . 

Be cause o f  the  cuing e f fect  o f  color on  f lavo r ( DuBose � a l . , 
1981) , sens ory evaluations o f  f lavo r should be conducted i n  
color-ma sking s i tuations . 

Mo s t  s ensory s tud ies  wi th n i t r i te have been conduc ted on produc t s  
short l y a f t e r  proce s s i ng .  The re i s  a need t o  conduc t furthe r sensory 
s tud ies on n i t r i t e  and a l terna tive s under protoco l s  tha t  e li c i t  
i nformation o n  sensory effec t s ove r t h e  norma l st orag e life  o f  t he 
produc t s  i n  q ue s t ion. 

Ra nki ng s  of produc t a cceptabi lity  as determined by labora tory 
preferenc e s t udie s d o  no t nece s sari ly pred ic t gene ra l consume r acce p
t ance . The reasons f o r  this  may be regional o r  e thni c  d i f ferences i n  
pref erence o r  va ria t ions i n  sensory abi lity . Hence , la rge-sca le  con
sumer t e s t s  s hould be conduc ted on alternat ive s that pass ini t ial 
hedoni c s creening wi t h  analyt i c  pane l s . 
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CONCLUS IONS 

To d upl icate most  c losely the import ant ant imi crobial e f fec t s  o f  
ni t ri te ,  re sea rch intended t o  deve l o p  alterna t ive s  should f ocu s on 
agen t s  or t echnique s  t ha t  prevent or i nhibi t the d eve lopment o f  
bac t e ria l spo re s int o vege tative ce ll s , part icularly spore s o f  
Cl os trid ium botulinum. 

The rat iona l l ong- t e rm  approach t o  the s ea rch f o r  s uch ant i
mi crobia l alternat ive s would be t o  cap i tali z e  on knowledg e o f  bi o
chemi cal d i f f erences be tween humans a nd the unde s i red mi croorg ani sms 
and t o  design and deve l o p  agent s tha t inhibi t met abo l i c  proce s se s  
that a re e ssential t o  such microorgani sms , but are absent i n  humans . 
Stage s i n  the spore-t o-ce ll  trans i t ion probably off e r  a numbe r o f  
opport uni ties  f o r  s uch i ntervent i on. Howeve r ,  t oo l i t t le i s  known 
abou t the s e  processe s t o  jus t i f y  f ocusing on a single targe t in a 
program d e s igned t o  d eve lop agent s that i nhibit t h i s  t rans i t i on . 

Resea rch i s  needed on the physiology o f  spo re-f orming mi cro
organi sms , part icularly o n  spore dormancy , injury , a c t iva t i on ,  g e rmi
nat ion , and out growth and fac t o r s  tha t  af fec t the s e  cha rac t e ri s t ic s .  
Such research would f ac i l i tate i dent i f ication o f  pecul iari t ie s  i n  
me taboli c proce s se s es sent i a l  t o  the spore-t o-cell trans i t ion , and 
that i dent i f i cation m ight p ro f i tably be e xplo i t ed t o  inhi bi t i t .  The 
re sea rch program necessa ry t o  obtain  thi s knowledge and the subse
quent program t o  d e s i gn and deve lop s e lective ant imicrobial agent s 
are l i ke l y  t o  be laboriou s and expensive . There i s  no gua rante e  tha t 
they w i l l  l ead t o  the rap id d evelopment o f  prac t i cable a l t e rnat ives 
to ni trite . However ,  the Commi t t e e  regard s thi s approach a s  a nec e s
sary l ong-t erm i nve s tment i n  developing a l terna t ive s t o  n i t r i t e  and 
a s  one tha t mi ght contribut e t o  i ncreas ing the safet y  and freedom 
from spoi lage o f  o ther t ypes o f  p roduc t i n  whi ch s pore-f orming m i cro
organi sm s  po s e  problems . 

Ef f i cacy t e s t i ng  o f  potential antimicrobial a l t e rna t ive s mus t  
ult imately be conduc ted i n  the produc t s  i n  which u s e  i s  i ntended , 
a l though s ome t e s t ing i n  model meat systems may be just i f ied f or 
pre l imina ry o r  exploratory invest igat i ons . A la rg e  numbe r o f  o the r 
factors- -e . g . ,  variat ion i n  p roduc t cha rac teri s t ic s , method chosen t o  
asses s e f f i cacy , and t iming and durat ion o f  simulated temperat ure 
abuse- -n eed to be considered in d e s igning experiment s .  However ,  the 
Commi t te e  conclude d tha t spec ifying idea l protoco l s  wa s ne i the r prac
t i cable nor d e s i rable . 

Al ternat ive s t o  n i t r i t e  f o r  ant imicrobial and anti oxidant e f f ect s 
nee d  t o  be subj ected t o  hedon i c  (acceptabi li t y )  t e s t i ng and senso ry 
evaluat ion, wi th ratio-s caling method s to e li c i t  a maximum of useful 
i nf orma t i o n .  Howeve r ,  long-t erm s t rategi e s  for developing alterna
t ive s t o  n i t r i t e  f or the produc t i on o f  s enso ry e f f ec t s  ( color a nd 
flavo r )  ca n be chos e n  only af te r comple t ion o f  studie s t o  de f i ne the 
need f or a l te rnat ive s  f o r  these e f fect s ,  i . e . , s t ud ies  o f  the 
s t reng th of consume r pre f e rence s fo r cured-mea t colo r ,  of the magni
tude of n i t r i t e ' s  f lavo r contri bution in  vari ous produc t s , and o f  the 
me chani sm whe reby th i s  is achieved . 
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Tes t ing f or ant ioxidant e f fect s should be conduc ted und er cond i 
t ions s imi lar t o  those under whi ch the produc t i s  d i stributed and 
hand led by consumer s .  

RECOMME NDATIONS 

As part of a l ong-t erm s trategy to d evelop ant imicrobial alterna
t ive s to ni trite , the Commi ttee recommend s tha t an int ernat iona l  
workshop b e  convened t o  revi ew new inf orma tion o n  the the physiology 
of spore-formi ng mi croorgani sms (wi th empha s i s  on anaerobe s )  and , on 
the bas i s  of thi s i nf ormat ion , to suggest potentially pro f i table 
d irec t i ons for fut ure re search t o  develop me thod s for the ir contro l . 

The Commi t tee recommends that inve s t igat ions o f  spore dormancy , 
injury , act ivat ion , g ermination , and pa rt icularly outgrowth be 
conduc ted , pre ferably wi th Cl o s tr i dium bo tulinum .  The mechanism o f  
ac t ion o f  known inhi bitors  o f  spore-forming microorgani sms , pref er
ably ni tri te , should a lso be inve s t igated . 

Re search d irec ted a t  d eveloping reliable , rapid , s imple tech
niques to detect c .  botul inum growth or t oxin product ion should also 
be unde rtake n .  

-

Recommenda t i ons a imed a t  be t t er def ining the need for  alterna
t ive s to ni tri te  for color and flavor effec t s  are i nc luded i n  
Chap ter s  7 and 9 .  
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APPENDIX B 

SOME RECENT ADVANCES IN THE DESIGN OF 
INHIBITORS OF CELLULAR GROWTH 

By 

Seymour s .  Cohen 
Department of Pha rmaco logical Scienc e s  

S t a t e  Univer s i ty o f  New York , S t ony Brook 

In attempt i ng to inhi bi t  the g rowth of bacteria  in f ood wi t h  
chemical agent s t hat may replace n i t rate o r  ni t ri t e , we a re i nt e r
ested i n  substance s tha t  wi l l  no t poi so n  or  inhibi t the feed i ng mam
mal . The pro blem i s  f o rmally s imi lar i n  s ome respec t s  t o  the p ro blem 
of deve lopi ng a se lec t ive chemo t herapeutic agent t o  arre s t  g rowth o r  
deve lopment o f  an infec t i ng o rg ani sm ,  e . g . , a sulfa d rug o r  a peni
c i l li n .  Howeve r ,  numerou s other considerations , o f  which c o s t  i s  
only o ne , make a n  a l ready d i f f icul t probl em even more d i f f icul t . It 
i s  appropria t e  to  a sk whethe r  the design of  d rug s f o r  selec t i ve 
chemotherapy has advanc ed suf f icient ly t o  permit any hope i n  our 
pro blem-solvi ng . Obviously , t he exi stence o f  sulfa  d rug s and ant i
bio t i c s  and the i r  improvement s d o  point t o  t he accomp li shment s o f  a 
ref ined and i nc reasingly sophi st icated empiric i sm .  In addi t ion to 
the sc reening a nd modi fying e f fo r t s  t ha t  have y ielded these succe s se s , 
mod ern science and technology have made advance s i n  recent yea r s  that  
permit a general approach t o  t he d e sign of  d i scriminat ing i nhibi t o ry 
agent s ( Co he n ,  1 97 7 ,  1 9 7 9 , 1 9 81 ) . In conside ring t he mat ter  o f  a 
re placement f or n i t ri te , we sha l l  conc entrate on thi s avenue o f  search 
for an ant i bac terial d rug . 

Th ree ma jor component s o f  our advance s ,  taken t ogethe r ,  can p ro
vide a st rategy focusi ng on e s sent ial  proteins of mic roo rgani sms a s  
our s e lected target s . The se advances  c an be summari zed i n  a h i s t or
ical f ramework a s  follows : 

• It was e s tabl i s hed f rom t he mid-1 9 30s t o  the end o f  the 19 50s 
tha t prokaryot i c  o rgani sm s  have or determine spec i f i c  st ruc ture s and 
metabolic systems e s sent ial f o r  their survival o r  mult iplica t i on .  
Such systems should be spec i f ically inhibitable , a s  i n  the ac tion  o f  
peni c i l l i n  o n  synthe s i s  o f  bac terial cell  walls o r  o f  some o the r 
ant ibiot i c s  on  bac terial ribosome s . 

• The molecular biology o f  t he 1 9 60s and 1 9 70s e s tabli shed t hat  
the genet ic  dete rminant s and the refo re the proteins o f  mic roo rgani sms 
are d i f fere nt f rom t he DNA and proteins o f the e ukaryo tic  c e l l s  o f  
animal s .  The s e  ma jor  d i f f e renc e s  i n  sequence and conf o rmat ion exi st  
of t en f or p ro t e ins and enzyme s that  have s imilar f unc t ions . 
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• In the 1 9 70s , it became po ssible to i sola t e  proteins far mo re 
eas ily f rom re lat ively small amount s of biologic mat e rial s . The 
cha rac teri zat i o n  of proteins  wi t h  re spe c t  to amino ac id seque nc e ,  
conf o rmation , surf ace s t ructure , and reac t ivi t ies has been deve loped 
in a manne r tha t  should pe rmi t chemi st s to devi s e  spec i f i c  t ight
bind ing i nhibi t o r s . Th e  synthe s i s  and propert ies o f  such i nhi bi tors 
a re be t t e r  understood , as  a re some o f  t he problems involved i n  ensur
i ng  t he pene t rat ion o f  the i nhibi tors . 

GENERAL CONS IDERATIONS 

We a re i ntere sted in a f fecting p ro t e ins , rather than nuc leic 
ac id s ,  becaus e it seems mo re feas i ble t o  p repa re spec i f i c  inhi bitors 
that may not be mutagenic . One reason f or our concern with n i t rite  
is  its  ro le  i n  gene rat i ng mutagenic nit rosamine s . It  would be reason
able to  f ocus on  c ompound s that would not be expec ted t o  ent e r  nuc leic 
acid s o r  o therwi se d i s tort  the i r  st ruc tu re . 

It may be a rgued that t he chances  o f  f ind ing an inexpensive 
subs t i tute f o r  ni t ri t e  a re so  small tha t the re i s  no point in seeki ng 
i t  through the process o f  defining select ively i nhi bitable e ssential 
pro teins . Tha t may prove t o  be s o , but it is no t sel f-evident , ina s
much a s  the e f fect ivene s s  o f  many o the r l ow-molecular�e ight 
inhi bi t o r s  i s  known . In add i t ion to nume rou s substance s tha t t rap 
metals re qui red for c ataly t ic func t ions , we may point t o  a gas  l i ke 
e thylene , whi ch i s  used a s  a f rui t-ripeni ng agent and al so i nact i
va te s  cytochrome P4 50 ( Ort i z  d e  Montellano and Mico , 1 9 80 ) , o r  
pho sphonoformate , the spec i fic , relat ive ly nont oxic compe t i t i ve 
analogue o f  pyrophosphate , which i nhi bit s the nuc leate polyme rase& 
induc ed by some DNA vi ruse s and RNA ret rovi ruse s ( Eriksson e t  al . ,  
1 9 80 ) . 

- -

The compa ra t ive biochemi s t ry i l lus t rat ive o f  the pos sibi l i t ie s  o f  
selec t i ve chemot he rapy i s  elabo rated by Rogers  in Append ix c .  But i t  
must  b e  a sked whether the d e s i red i nhi bitor  i s  int ended t o  a c t  o n  a 
broad spec t rum o f  bacteri a ,  on  a limited spec t rum of  anae robe s , o r  
merely on  a t oxigenic Cl o s t ri d ium botul inum . The bio logic bread th o f  
t h e  targe t ( s )  mus t  b e  de f ined befo re the bioc hemica l and chemical 
effort i s  planned . Ev en if the c e l lular target is s t ated t o  be 
exc lus i vely the germinat ion of spores  o f  c .  botulinum , i t  appears 
c lear that the poss ible s t ructural and ca talytic t a rget s a re i ll
defined , in tha t the data on the physiology of ge rminat ion of the 
organi sm a re wo efully sparse . In bri ef , i t  i s  neces sary to  def ine 
the es sent ial i t y  of any protein target to the surviva l or development 
of the o rgani sm , and the re does  not appear to have been enough work 
on the physiology of c .  botul i num to ident ify an e s sent ial protein 
t arget . 

The s t udy o f  the phy s i ology o f  c .  botulinum wi ll re qui re at ten
t ion to  anae robic techni q ue s  that are known , although inf requently 
prac ticed . Toxin produc t ion is unders tood to  be dete rmined by a gene 
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of a lysogeni c  phage . The refore , much o f  t he phy s i o logy o f  the bac
terium c an be explored i n  no nt oxigenic s t rains . Pro teins e s sent ial 
to  toxin p roduc t ion can be defined through defini ng t he phage gene ( s ) 
determining t h i s  f unc ti o n .  Cl early , t he p ro ject need s t he a c t ive 
part icipa t i o n  o f  mi c ro biolog i s t s compe tent i n  many specialtie s .  

PROTEIN PRODUCTION AND I SOLATION 

Fo r purposes of i solat ing a nd analyzing t he pro tein e s sential  t o  
spo re germina t i o n  o r  toxi n produc t io n , i t  i s  important t o  develop 
organi sms that maximi ze synthe s i s  o f  the par t icular pro t e i n .  Inhi b
ito r-re s i s tant o rgani sms o r  regulatory mut ant s may be u seful over
producers , o r  the c lo s t ridial o r  phage s t ruc tural gene s  f o r  the  
desi red pro tein can be  c loned by modern technique s o f  gene t i c  
eng ineering i n  some bac terial host t o  maximi ze synt he s i s  o f  t he 
pa rt icular prot e i n .  

Some 1 5-20 years ago , t h e  i sola t i on o f  pro teins to  homogene i t y  
wa s an eno rmous , tediou s , and d i f f icul t task tha t  invo lve d  large 
amount s of s tart ing material . Modern t e chnique s o f  s i zing with gel s 
and ad sorption chromatog raphy t o  mani pulat e  charge and spe c i f ic i ty , 
a s  i n  a f f i ni ty chromatography , have made spec t acular s implif icat ions 
in t ime , amount o f  mate ria l ,  and degree o f  purif ication requi red . 
Ma j o r  improvement s i n  g e l  e lec t rophore s i s  have a l so cont r i buted t o  
the i so la t i o n  and cha rac terization of  the variou s proteins , a s  we l l  
as t o  t h e  a nalys i s  o f  t h e  bi ologic he terogene i ty o f  numerous enzyme s . 

Fo r many protein s , i so la t i o n  to  homogene i t y  ha s become a reason
able t a sk f or an experi enced labo ratory . For example , the puri f ica
tion t o  homogene i t y  o f  a g lutama t e  dehyd rogena s e  o f  Trypanosoma c ruzi  
has been accomp l i shed wi th a 1-g ba tch o f  t he o rgani sm , wi th d e t e r
mina t i o n  o f  the subuni t mo lecula r weight o f  64 , 000 i n  the t e t rameric 
pro t e in a nd of s ome kine t i c  p ropert ies  o f  the pure �nzyme . 

PROTEIN CHARACTERIZATION 

Recent experi ence wi th the i solat ion and charac teri zat ion o f  
inte rferon ha s compe lled the deve lopment of  imp roved mic ro
technique s .  New pro tein sequenators ( Hunkapiller and Hood , 1 9 80 )  
have now pe rmi t t ed the analy s i s  o f  t he 1 3  amino-te rminal amino ac id s 
i n  1- t o  2- � g quan t i t i e s  of  interferon , a n  i nc rease i n  sensi t ivity 
by a factor o f 1 04 over a method d e scribed by Edman i n  1 9 6 7 . Mole
cul e s  o f  ove r  1 , 000 amino acid s have been sequenced somewha t s lowly , 
but gene t i c  recombinant t echni que s and sequence a nalysi s for DNA have 
pe rmi t t ed amino-ac id sequences  t o  be determined far mo re rapidly . 
Thus , knowledge o f t he se quences  o f  nuc leotide s i n  t he thymidine 
kina s e  gene o f  he rpe s simplex virus type 1 (Wagner e t  al . ,  1 9 81 )  
fac i l i tates the acqui sit ion o f  knowledge o f  the pro tei;-s t ruc ture o f  
thi s virus-induced enzyme bef o re i t s  cha rac t e ri zat ion a s  a protein i s  
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complete . A s imilar knowledge of the sequence of nucleotide s  in 
poliovirus RNA has permit ted the definit ion o f  the amino-ac id 
sequence of  a poliovi rus-i nduced p rotease . A knowledge of  amino
acid s e que nce can provide an init ial approach to t he problem o f  
p rote i n  conf o rma t io n ,  and eventually t o  inhi bi t o r-sens i t i ve sit e s .  

Many workers  have s tud ied enzyme s a lmo st enti re ly in t e rms o f  
the i r  ac t i ve site s and known subst rate s ,  product s ,  and po stulated 
reac tion i ntermed iates . Much s ynthetic  work l ead ing t o  carefully 
analyzed st ruc ture-ac t i vi t y  relationship s  has led t o  t he i nf o rmed 
synthe s i s  of  exce llent i nhibi tors o f  enzyme s . A re cent s uccess in  
t hi s  d i rection of  rationa l  de sign ha s been the development of 
Cap topri l ,  an inhi bi tor of the angiotens in-c onve r t i ng  e nzyme , which 
wa s a s s i sted by a compa ri son of thi s  enzyme wi th  the known ac t ive 
s i te of ca rboxypept idase A ( Cu shman a nd Onde t t i , 1 9 80 ) . Such an 
approach might be helpful i n  des igni ng a spec ific  inhibi t o r  o f  the 
poliovi rus-induced pro t ease , which i s  e s sent ial t o  the speci fic  
p roce s s i ng  o f  the giant protein e laborated by t ranslat ion of po lio
vi rus RNA . 

Howeve r ,  we shall  suppose t hat knowledgeable design o f  an i nhib
i to r  o f  protein func t ion wil l  requi re the detai led study of t opology 
and c onf ormat ion of the p rotein , i . e . , i t s  three-d imensional s t ruc
ture . Even in the absenc e  of such knowledge , one may app roach 
analysi s  of the a c t ive s it e  of an enzyme through s tudy of the volume 
occupied by a ser i e s  of subs t rate s and inhi bitory , conformat ionally 
rigid analogue s ( Suf rin e t  a l . , 1 9 81 ) . The vo lumes can be d ete rmined 
f rom x-ray c rystal log raphic-analysis  of the inhibi tory analogue s .  A 
s imilar analys i s  o f  noninhibitory compound s can be i ns t ruc t ive a s  t o  
the p o r t i o n  o f  t h e  molecul e tha t  canno t f i t  wi thi n the enzyme s i t e , 
i . e . , the enzyme-e s sent ial volume . 

More t han 1 50 p ro teins have been c ry stalli zed and analy zed a t  a 
high leve l  o f  re solut ion . The imp rovement of c omputerized analyt ic 
t echniques , i nc lud ing c omputer imaging , has made the analysis  of the 
f ine detai l of  shape , sequence , and topology avai lable for  the 
analysis  o f  subst rate and i nhibitor  i nterac t ion . Indeed , i n  many 
instanc e s  the cocrystall i zation o f  an inhi bit or-p rotein comp lex ha s 
been e s sent ial t o  the c ry stalli za t ion and analysi s  o f  the pro tein . 
Some advanced labo ratorie s have a t t empted t o  use such data t o  a s si st 
in d rug d e s ign i n  the last  5 yr , and some s uccesses i n  the se types o f  
"molecular modeling "  have be e n  record ed , a s  in a recent repo rt  f rom 
Me rck ( Gund et a l . ,  1 980 ) . That laboratory and tha t  of Burroughs 
We llcome have-been at temp t i ng  to use these technique s t o  design 
improved inhi bi tors  o f  d ihydrofolate reduc tase ( DHFR) of E . coli , an 
en zyme readi ly purif ied by af f i ni ty ch romatography on me thotrexat e
containing adsorbat es and read i ly c ry s talli zed wi th va rious 
inhibi tors  at the ac t i ve site . 
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Mo s t  recent ly , t he Me rck g roup has reported patenti ng such a new 
i nhi bitor designed wi th t hi s t ype of c rys tallographic p rocedure ( Po e  
et a l . , 1 9 81 ) . The new inhi bi tor  i s  stated t o  " fo rm  a hydrogen bond 
from-t he sulfonamide oxygen to t he pep t ide NH of LEU 2 3 ,  f o rm  a 
hyd rophobi c bond t o  the s idechain o f  TRP 2 2 , and f o rm  a hydrogen bond 
to t he pept ide carbony l  of  ALA 1 9 ,  when t he pyrimidine r i ng i s  posi
t ioned ident ically t o the py rimidine r ing of  me tho t rexat e  on DHFR . "  
It i s  not c lear t hat t h i s  inhibi to r , o r  one made by Burroughs Well
come , wi l l  serve as a supe r t r ime thoprim in cont rol of g ram-negat i ve 
bacterial  i nf ec t i ons i n  the human urinary t rac t . Ne verthe le s s , the 
powe r o f  the proce s s  i n  i nhibitor  des ign exemp l i f i e s  some o f  the 
re cent achievement s i n  s t ruc tural chemis t ry .  

SOME ADDITIONAL METHODS 

Al lusi ons may be made t o  t he wo rk o f  At assi  ( 1 9 7 8 )  i n  the 
development o f  pept ide s complementary t o  ant igeni c bind i ng s i te s .  
In s tud ies  o n  lysozyme , three maj or ant igenic s i t e s , account ing f o r  
85-90% o f  ant i ly so zyme ant i body in anima l s  immuni zed t o  the enzyme , 
were d e f ined . The c omponent amino acids  of  each s i t e  proved t o  be 
noncont iguou s i n  the rigid polypept ide , but formed a sequence at the 
surface of  t he p ro tein molecule , a s  dete rmined by x-ray c rystallo
graphy , immunochemica l analysi s ,  and " surface simulation . " Sequence s 
s imula t ing the s i t es we re t hen synthe si zed a nd s hown t o  c ombine wi th 
ant i body . Hexapep tide s complementa ry t o  two o f  t hese  s i t e s  were 
shown to bind specif ically to lyso zyme . 

To f ix a complementa ry s t ructure a s  small a s  a hexapept id e t o  a 
pro tein surf ace , i t  may be necessa ry t o  develop an i r re ve r s i ble bind
i ng of  pept ide t o  t he protei n .  Seve ral kind s  o f  almo s t  i r revers ible 
inhi bitors a re now recogni zed , inc luding those which form a covalent 
bond wi t h  a reac t i ve re s idue of  a prote i n  duri ng recogni t ion steps 
and those which form a t ight bond ( e i t he r  c ovalent o r noncovalent ) as 
a re sul t o f  the t ransfo rmat ion o f  the subst rate  du ri ng t he catalyt ic 
steps of the enzymatic process . 

Fi nally , reference should be made t o  s t ud i e s  a t t empting t o  con
t ro l the molecula r pathology o f  s ickle-cell anemia by inhibi t i ng t he 
linear p olymeri zat ion o f  deoxygenated sickle-c e l l  hemoglobin ( hemo
globi n S )  and the consequent deformat ion o f  the e rythrocytes . In the 
gene t i cally d e te rmined d i sease , valine replaces  g lutamate a t  a uni que 
po sit ion in the B chai n .  The int e rac tion of a and B subuni t s  to pro
duce intracellular g e lation a re c ont rol led by the surface t opology o f 
the subuni t s ,  and replacement s o f  some amino acid s i n the a subunit s 
markedly i nhi bi t gelat ion ( Bene sch � al . ,  1 9 7 9 ) . Mo d i f ic a t i on o f  
intrasubuni t int e rac t i o n  and gelation ha s been ac t i ve l y  pursued . 
Some i nc rease i n  t he s o lubi li zat ion o f  deoxygena ted hemog lobin S has 
bee n o bserve d wi t h  pept ide s containi ng pheny lalanine , although i t  ha s 
been a sked whe t her  the hydrophobic bond s t hat f ac ilitate  polymeri za
tion can be easily affected by simple pept ide s . Neve rthele s s , t he 
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p ro blem of af fec t i ng the spontaneous a s sembly of protein subuni t s  i s  
a general problem of  vi rus mult iplicat ion a nd many a spec t s  o f  
mi c robial g rowth and deve lopme nt . 

CONCLUSIONS 

The s t rid e s  made i n  bio logy a nd c hemi s t ry i n  recent years have 
pe rmi t t ed the formulation of a nove l generali zable st rategy o f  d rug 
design f o r  t he purpose o f  a f fect ing protein s t ruc ture and f unc tion i n  
numerous a spec t s  of biolog i c  ac tivi t y . Such a s t rat egy nar rows the 
targe t  t o  a specific  e s sent ial protein , and in  so  doing may be 
inappl icable to the re qui rement s of  ni t ri t e  replac ement . Howeve r ,  i t  
ha s no t yet  been s tated t hat  n i t r i te i s  needed for i nhi bi t ing many 
func t ions and ma ny p roteins . If ni t ri t e  p roved t o  have but a single 
major f unc t ion--e . g . , i nhibi ting f e r redoxin& of many species o f  
mic roorgani sms--one could s t i l l  exami ne the p roblem in the terms out
lined a bove . Furthermore , i f  i t  we re c lear t hat t he main func tion o f  
ni t ri t e  we re indeed to  i nhi bi t the ge rminat ion of  spore s o f  Clo s t ri
dium botul inum and the re by t o  i nhi bi t t oxin produc t ion ,  the s t rategy 
out lined here would be feasible , even though it cal l s  for a commi t
ment t o  expensive modern mul tidisciplinary sc ience  and technology . 
In sho rt , a precond i tion f or dec i sion-maki ng i n  developi ng our 
approach i s  g reater c lari ty of the bio logic and chemical role s of  
ni t ri t e  i n  rest raini ng mic robial g rowth in va rious food s . 
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APPENDIX C 

APPROACHES TO DESIGN OF AGENTS FOR CONTROL 
OF CLOSTRIDIUM BOTULINUM IN FOODSTUFFS 

By 

Edwa rd F .  Rogers 
Me rc k ,  Sharp and Dohme , Rahway , New Je rsey 

Di scove ry o f  a sui table anti bac terial  replac ement for  ni t ri t e  i s  
a f ormidable a s signment . Th e  re p lacement must  be s t able during f ood 
storage and proce s s i ng , mu s t  be ext reme ly wel l  tolerated and wi t hout 
effect  on  t a s t e  or  odor , mus t  have neglig ible re s i s t anc e l iabi l i ty ,  
and , allowi ng a p remium f o r  g reat e r  safety , mus t be commensurate in  
cost  e f fect ivene ss . 

As s t a ted by Co hen ( Appendix B ) , fundamental biochemical re search 
on Clo s t ridium spp . is nece s sa ry so tha t  enzyme s that a re appropriate 
targ e t s  f or i nhi bi t or d e s ign may be ident i f ied . Sui table enzymes 
should be spec i f i c  becaus e  the likelihood o f  toxi c i t y  t o  other  
spec ies  is  t here by reduced ; should be  t argets  for which inhi bi tor 
de sign appears  feasi ble  ( e . g . , subs t ra t e s  t o  be simulated mus t  not be 
too c omplex in s t ruc ture ) ; and should be targ e t s  based on a conf i rmed 
s t rategy ( i . e . , potent enzyme inhi bi tors  p roduc e the de s i red i n  vi vo 
re sul t s , a s suming s olution o f  delivery problems ) .  It  must  be-empha
sized tha t ap pa rent ly plausible s t rategie s often fai l because of 
unrecogni zed negat ive factors , so prompt veri ficat ion of a s t ra t egy 
i s  desira ble . 

Re cent work o n  the mechani sm o f  ac t ion of n i t r i t e  a nd S -n i t ro so 
compound s i s  impre s s i ve , but i t  i s  difficul t t o  see how t o

-
use i t . 

If t here a re s i te s  of  ni t ri te a c t ion besides the spore membrane , a s  
appears probable ( the fai lure t o  encount er ni t ri t e-re s i stant c lo s t ri
dia a rgues for mult iple s i t e s ) , one may specula te on wha t t hey a re . 
Inasmuch a s  the re i s  evidenc e  of  i ron reversal of ni t ri t e  ac t ion 
( Tompkin e t  a l . ,  1 9 7 9 ) , pe rhaps produc t s  f ormed f rom n i t r i t e  affect  
iron uti li zation . Hence , i ron-bindi ng compound s ,  such a s  2 , 3-dihy
droxybenzoic a c id and t he s iderophore s s hown i n  Figure C-1 , may 
deserve attent i o n .  

One a t t rac t ive i nhi bitor  t arg et i s  t h e  d ependenc e  o f  c . botuli num 
on a rginine a s  a sourc e o f  c i t rul line , whi ch i n  turn reacts wi t h  
i norganic phosphate t o  form carbamyl phosphate . Typical ant imetab
oli t e & f o r  use i n  exploration of  t hi s  subject  a re robenidine ( Figure 
C-2 : A) , a c occidiostat that i s  a potent a rg i nase i nhi bitor , and 
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F IGURE C-1 .  S t ruc tural formulas of represent at ive s iderophores . A ,  
l inear and cyclic ferr ioxamines . When it  i s  l inear and R = 
H ,  R ' = cu3 , the compound is f errioxamine B ;  when i t  i s  
cyclic and n = 5 ,  the compound i s  f errioxamine E .  B ,  
ferr ichromes . For R ' • R11  • R"' = H and R • cu3 , the 
compound is fer r ichrome i t s e lf . C ,  aerob ac t in ;  D , 
rhodotorulic ac id ; E ,  ent erobac t in ;  F ,  avenic  ac id A ;  G ,  
avenic ac id B .  From Raymond and Carrano , 19 79 , and Fush iya 
et al . ,  1980 . 
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F IGURE C-2 .  Compound s of int eres t as pos s ib l e  inhibitors of  C .  
botulinum . A ,  rob enid ine ; B ,  N5-phosphonoacety l
ornithine ; C ,  phosphonomycin ; D , t et ramisole ;  E ,  
imidodiphosphat e ;  F ,  sodium methyl acetylphos
phonat e ;  G ,  roseoflavin ; H ,  diamox ; I ,  monensin ;  J ,  
lasalocid ; K ,  amprolium; L ,  marfani l ; M .  2 . �-dihy
d roxy-9- ( 2 , 5-dihyd roxyphenyl ) nonanophenone . 
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N5 -pho sphonoac e ty lorni thine ( Fi gure C-2 : B ) , a s t rong i nhi bi tor o f  
t h e  second reac tion . Fo r further probe s  of anaero bic ene rgy 
me tabo l i sm ,  recent ly reviewed by Go t t schalk and Andree sen ( 1979 ) , 
one may sugge s t  te s t s  of the ant i biotic pho sphonomyc i n  ( Figu re C-2 : 
C ) , a phosphoenolpyruva te antagoni s t  i n  biosynt he s i s  o f  muramic a c id ; 
t e t rami sole ( Figure C-2 : D ) , a fumarate reduc tase inhi bi t or ; imidod i 
pho spha te ( Fi gure C-2 : E ) , a pyrophosphate antagoni s t ; and sodium 
me thyl acety lpho sphona t e  ( Figure C-2 : F ) , a pyruvate  analogue ( Kluger 
and Pi ke ,  1 9 7 7 ) . 

Fi gure C-3 outline s  t a rget areas i n  anaerobic ene rgy me tabolism ,  
the pyruvate : ferredoxin oxido reduc tase-fer redoxi n hyd rogenase and 
the pyruva te-f ormat e lyase systems . Figure C-4 i s  a " three-d imen
siona l "  re present at ion o f  the st ruc ture of oxidi zed Clost ridium MP 
f lavodoxin ,  i n  which t he location o f  the f lavi n moiety i s  i nd icated . 
Accord i ng t o  Wal sh ( 1 9 79 ) , " i t  would appea r tha t  the acce s s i ble site 
for po tent ial redox reac t ion is  the d ime thylbenzenoid end of  the 
i soal loxa zine ring . "  In thi s case , the ant i bi o t i c  roseoflavi n ( Ka sai 
et a l . ,  1 9 75 ; Fi gure C-2 : G) and re lated compound s ( Graham et a l . ,  
1 9 77) may de se rve at tention a s  inhi bitor s . 

- -

If the c omplex series o f  reac tions f o r  f e rmentat ion o f  lysine t o  
ace tat e and butyrat e  observed i n  c .  s t ickland i i  and Clo s t ridium SB4 
is  relevant t o  c . botulinum , t here i s  a plethora of t a rge t s . Pe rhaps 
lysine racema se

-
would be mo s t  specific . It  i s  hoped tha t 3-fluoro-D

lysine would perform a s  we l l  as 3-f luoro-D-a lanine doe s  against 
alani ne racemase . 

Clo s t ridial spore s re quire bicarbonate  for g e rmi na t i on ( Ando , 
1 9 7 3 ) . Is conversion t o  carbon dioxide nece ssary ?  The re may be 
j u s t i fication f or t rials  of  carbonic anhydrase inhibi tors , such a s  
diamox ( Figure C-2 : H ) . Wha t happens t o  the bicarbonate  or carbon 
dioxide ? One is reminded of t he vi tamin K-med iated carboxylation of 
prote i n  glutamate re s idue s t o  form calcium-binding y -carboxy
glutamate moietie s .  Ca lc ium i onophore s ,  such a s  monensin ( Figure 
C-2 : I )  and lasaloc id ( Figure C- 2 : J) , may dese rve te s t s  on thi s  
ba s i s  or  f o r  a nother reason--possible d i sturbanc e  of t he calcium 
dipicolina t e  concent ration and consequent adverse effec t s  on spore 
integri ty . 

Cl ost ridia may have unusual thiamine bi ochemi s t ry .  Growth-media 
formula s seem to plac e special  empha s i s  on thi s vi tami n ; and , 
curi ously , many s t rains of  c .  botulinum excre te t hiaminase , a ra re ly 
encount e red en zyme ( Hayas hi

-
e t  al . ,  1 9 7 3 ) . I have deve l oped a class  

of c occidiosta t &  t ha t  func t ion by inhi bit ing thiami ne t ransport ; 
amp ro lium i s  typical ( Figure C-2 : K ) . Seve ra l  of t hese compounds 
could be t ri ed against c l o s t ridia . Lowe and Po t t e r  ( 1 980 )  recently 
repo rted on ant i bac terial fluoro ana logue s of thiamine and the 
Bl-thia zole . 

There a re g round s for opt imi sm about event ual d i scovery of new 
de s i gn targe t s .  The publicat ions of Huhtanen and co-workers have 

Copyright © National Academy of Sciences. All rights reserved.

Alternatives to the Current Use of Nitrite in Foods:  Part 2 of a 2-Part Study
http://www.nap.edu/catalog.php?record_id=19635

http://www.nap.edu/catalog.php?record_id=19635


C-5 

Pyruvate : Ferrodoxin Oxidoreductase 

Steps of  the Phosphoroclas t ic Reaction 

I pyruvate I + TPP-E •===:::!� HETPP + I col I 

2 HETPP-E + ferredoxin + CoA =-:====� TPP-E + acetyl-CoA + ferredoxin • H1 

3 

4 

ferredoxin • H1 
hydrOFnue 

ferredoxin + � 
phosphotranucetylue

.--
-----, 

acetyl-CoA + P 1 I acetyl phosphate I + CoA 

S teps of  the phosphoroclastic  reaction . S teps 1 and 2 involve the 
enzyme pyruvate-ferrodoxin oxidoreductase and ferrodoxin . TPP-E , 
thiamine pyrophosphate-containing oxidoreductase . HETPP-E ,  hydroxy
ethyl-TPP-E .  S teps 3 and 4 are catalyzed by hydrogenase and phos
photransacetylase , respectively . 

Pyruvate-Formate Lyase 

0 

HlcAcoo-
+ CoASH •==::!!: 

pyruvate formate 

Inactive pyruvate-formate lyue SAM pyruvate , Fe1 1 -protein, 
reduced flavodoxin Active pyruvate-formate lyue 

SAM 
Fe1 1  • protein • lyue 

complex Methionine + 

FetL CH1 Ad 

....... .. q . 
HO OH t FMNH1 • Flavodoxin 

H3 C - CH1 Ad 

Fo" · """"' + q + FMN • Fk-.;, 

HO OH 

FIGURE C-3 .  Pos s ib l e  target areas in anaerob ic  energy metabolism . 
From Go ttschal t , 19 79 (p . 1 83) , and Enzymatic  React ion 
Mechanisms bv Chr is to�her Halsh . W.  H .  Freeman and 
Company . Copyr igh t  � 19 79 , with permiss ion . 
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FIGURE C-4 . 

C-6 

Oxidized Clos tridium MP 
and M .  L .  Ludwig ,  19 75 .  
ferring flavopro teins . 
The Enzymes , Vol .  1 2 . 
3rd Edit ion . Academic 

flavodoxin . From Mayhew, S .  G .  
Flavodoxins and electron-trans

Pp . 5 5-1 1 8  in P .  D .  Boyer , ed . 
Oxidation-Reduction , Part B ,  
Pres s , New York , with permiss ion . 
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c� 

ind icated tha t c .  botulinum is vulnerable to a variety  of agent s-
structures as diverse as bile acids (Huht anen , 1 9 7 9 ) , 4 -hydroxyben
zoates  ( Dymicky and Huhtane n ,  19 7 9 ) , ali phat ic  long-chain amines and 
aminodiamides ( Huhtanen and Micich , 1978 ) , and unknown sp ice extractive 
cons ti tuent s ( Huhtane n ,  1980) . Obviously , much further screening 
should be encouraged . Given effective agents , invest igations o f  
the ir mechanisms of  action a r e  good route s  t o  recogni t ion of sens i
tive enzymes . In the real world , the study of drugs teaches 
biochemistry , ra ther than the o ther way around . 

A likely subject for mechani sm s tudies may be marfanil (Figure 
C-2 : L ) , the World War I I  gas-gangrene agent . Perhaps a Sloane 
degradation ( Sloane , 19 64 , 1965 ;  Sloane and Heinemann , 19 6 7 ;  Sloane 
e t  a l . , 196 3 )  to 4 -hydroxybenzenesulfonamide occur s ,  and thi s would 
be related to  the anticlostridial 4 -hydroxybenzoates . 

Other intrigui ng subject s  for me chanism research may be the poly
pept ide frac tion from haddock , which i s  claimed t o  be useful for pre
vention of clos tridial outgrowth ( Ni ckerson and Zak,  197 3) and the 
ant ibiotic nisin ( Rayman e t  al . , 1981 ) . 

In hi s interesting spice studie s ,  Huhtanen ( 1980 ) noted that mace 
extract ive has high activi ty against c .  botulinum . A recent patent 
( Lion Dentifrice , 1980 ) covered  a composition containing 2 , 6-di hy
droxy-9-( 2 , 5-d ihydroxyphenyl) nonanophenone (Figure C-2 : M ) , a mace 
cons tituent that is claimed to be useful for suppression of dental 
plaque formation ascri bed to  S tre ptococcus mutans . It is possi ble 
that thi s compound i s  the ant iclos tridial agent . That pos sibility 
should be conf irmed , and o ther ac tive principles of spices should 
also be ident ified . If screening i s  encouraged , i t  may be advisable 
to  bias candidate select ion in favor of  natural products , such a s  
fermentat ion bro ths and plant extract ive s ,  because there i s  a des ir
able pre sumpt ion of  biodegradability in active nat�ral products . 
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APPENDIX D 

THE PROBABILITY OF OUTGROWTH AND TOXIGENE SIS  FROM 
CLOSTRIDIUM BOTULINUM SPORES I N  TEMPERATURE-ABUSED CURED MEATS 

By 

A. H.  w .  Hauschi ld 
Bureau of Mic robial Haza rd 
He alth and Welfare Canada 

Ottawa , Ontario 

The p robabi l i t y  ( p )  o f  outgrowth and t oxigene s i s  i n  a p roduc t 
inocula ted  wi t h  f· botulinum spore s and he ld a t  simulated abuse 
temperature s can be ca lculated wi th t he f o rmula 

p • [ ln n/q ] /s ,  

where n i s  t he number of  packages i n  t he t e st g roup , q i s  t he number 
o f  nontox i c  package s ( Halvorson and Z iegle r ,  1 93 3 ) , and s i s  the 
number o f  challenge spore s  per  package . Thi s  me thod a s sume s that the 
probabi l i t y  tha t  a part i cula r spo re wi l l  ultimately cause toxigene s i s 
i s  not a f fected by the p re sence o f  othe r  spore s  ( Hauschild e t  al . ,  i n  
pre s s ) .  Calculat ion o f  p robabi l i t i e s  faci li tate s t he quant i t a t i ve 
compari son o f  re sult s o f  va ri ous challenge s t ud i e s . 

Tabl e s  D-1 ,  D-2 , and D-3 show the p robabi li t i e s derived wi t h  this 
method f or a number o f  challenge s tud ies  on bacon , canned peri shable 
por k ,  and some other produc t s  made wi th d i f f e rent add i t ions of 
ni t ri te . In experiment s on canned peri shable pork , " t he probabi li t ie s  
have been calcula ted f o r  a simulated tempe rature-abuse pe riod of  2 
wk , a s we ll a s  for  1 wk , be cause canned produc t s  a re more l i ke ly t han 
othe r s  to be held wi thout corre c t  re f rige rat ion . 

A va ri e ty o f factors o ther t han n i t r i t e  concent ra t ion , such a s  
brine concen t rat ion and added ca rbohyd rate , may affec t p ;  some o f  
the se a re l i sted i n  the table s . No t considered i n  the tables i s  the 
possible e f f ec t  on p o f  t he pe riod o f  re frige rat ion p reced i ng t he 
t emperature abuse . In challenge expe riment s ,  t he meat s a re commonly 
i ncubated immed iately aft e r  production ,  although commercia l  produc t s  
are l i ke ly t o  be abused much later . Prior storage might affect  
outg rowth o f  c .  bo tul inum i n  t wo opposi te ways : t he dec rease i n  
re s idual ni t rite could f aci l i tate outgrowth , and t h e  deve lopment o f  a 
compe t i t i ve mic roflora could re ta rd i t . Spore viabi l i t y  may also 
decrease d uri ng s t orage , and germinated spore s who se outgrowth i s  
prevented by the low tempe ra ture may die . Tompkin � a l . ( 1 9 7 8 b )  
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showed that t he l i kelihood of  outgrowth and t oxigene s i s  during abuse 
of c anned comminut ed pork wa s g reater a f t e r  s torage a t  l OOC for 
2-18 wk than wi thou t pri o r  s t orage . A ma rginal i ncrease i n  p wa s 
no ted when thi s produc t wa s held a t  4 .4 °C for 10 wk before abus e 
( Tompkin e t  a l . , 1 9 7 9b ) . Other workers have found that p was smaller 
af t er storage-&t re f rigerat ion temperature s .  Pi erson ( 19 7 9 )  found 
tha t p for  bacon decreased wi th s t orage a t  10°C for 2-8 wk , and 
Hauschi ld e t  a l . ( in pre s s )  f ound that p was marg inally smaller for  
l iver sausagel!f t e r  re f rigerat ion a t  8°C for  6 wk . Hus tad et  a l . 
( 19 7 3 )  f ound tha t s torage o f  wieners for  3 wk a t  7 °C had l i t t le-or 
no e ffec t on P • 

I t  can be s een f rom Ta ble D-1 that  the bulk o f  p values for bacon 
at current ly pe rmi ss ible sod ium ni trite concentra t i ons �120 mg/ � i n  
the Uni ted State s ,  150 mg/ kg i n  Canada )  ranged f rom 10- t o  lo-5 . 
The value s increased by a factor o f  about 10 when ni tri te was omi t ted . 

The mos t obviou s i nf luence on p i n  canned peri shable pork ( Tabl e 
D- 2 ) , o ther than that o f  added n i tri te , i s  that o f  sodium i soascor
bat e  ( e ry thorbat e )  or ascorbat e .  The presenc e  o f  i soascorbate  or 
a scorbate a t  200 mg/ kg reduces p noticeably . 

Table D- 3 shows p for  a numbe r o f  o ther produc t s ,  bu t some o f  
these values a re ba sed o n  low numbers o f  re plica tes . 

The probabi l i t ie s  shown in Table s D-1 ,  D- 2 ,  and D-3 are sum
mari zed in Table 4-2  and d i scussed in Chapters 3 and 4 .  
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Sod l1111 
N l t r l te ,  
!II !!I 
0 

Sod lua 

TABLE D-1 

Probabil ity of Outgrowth and Toxigenesis from f. botulinum S pores in 
Vacuum-Packaged Bacon Dur ing Simulated Temper ature Abuse 

PC:.1y- Te•perature 
Iaoaacorbate , phoaphatea,  Sa l t ,  Brine , Suaar ,  Abuae Sporu/ Toxic Pac k . /  a 
g/!!1 % .2!..__ _% _ % __ % Day a 

230 0 . 26 NLb 1 . 5  4 . 9  0 . 3  7 

0 0 6 . l !i  1 . 7  5 . 5 0 . 7 8 

550 0 6 . 2 5  1 . 3  3 . 6  0 . 1  7 
0 . 4 

550 0 . 4 6 . 5  1 . 3  3 . 5 0 . 1  7 

0 . 2  6 . 2 5 1 . 3  3 . 7  0 . 1  7 

550 0 . 3  NL 1 . 14 3 . 3  0 . 1  7 

550 0 . 3  'lo6. 5 1 . 5  NL 0 .06 7 
0 . 08 '1.6 . 2  1 . 7  NL 0 7 
0 . 12  '1.6 . 4 1 . 8  NL 0 . 1 2  7 
0 . 46 '1.6 . 4  1 . 4  NL >0. 5 7 

550 0 . 31 6 . 2  1 . 5  NL 0 7 
0 . 5 7 

550 0. 5 NL 1 . 5  4 . 5  0 . 8  1 0  

• c Packye Total  Pack.  

27 6 . 5  X 103 4 / 5  
5 . 4  X 105 5/ 5 
5 . 0  X 103 0/2 
4 . 2  X 105 2 / 2  

30 2 . 3  X 104 0/4 
2 . 3  X 106 1/4 
2 . 3  X 104 0/8 
2 . 3  X 106 0/8 

27 1 . 2 5  X 105 0/25  
1 . 2 5  X 1 05 0/25  

2 7  8 . 9  X 104 4/4 
3 . 2  X 104 2/4  

2 7  2 . 2  X 104 0/4 
3 . 0  X 104 0/4 

27 3 . 2  X lo4 29/30 
2 1 /30 
u .  5/ 3oe 
8 . 25/30 

27  2 .0  X 105 99/100 
27  2 .0  X 105 31/100 
2 7  2 . 0  X 10 5 28/99 
27 2 . 0  X 105 20/ 100 

2 7  1 . 0  X 105 13/ 1 3  
2 7  1 . 0  X 10 5 14/16  

2 7 1 . 4  X 105 7/10 

I! 
2 x 1o-4 

�1 x 10-6 
<1 x 1o-4 
>2 x 1o-6 

<1 x 1o-5 
1 x 10-1 

<6 x 10-6 
<6 x 10-8 

<3 x 10-7 
<3 x 1o-7 

>2 x 10-5 
2 x 1o-5 

< 1 x 1o- 5 
<1 x 1o-5 

1 X 1o-4 
4 X 1o-5 
2 X 10-5 
1 X 10-5 

2 x 1o-5 
2 X 10-6 
2 x 1o-6 
1 x 10-6 

>3 x 10-s 

2 x 1o-5 

9 x 10-6 

Reference 

Chrlat lanaen � a 1 . , 197 4 

Coll lna-Tho•paon � al . , 
1974 

Ivey !!. !!• , 197SC 

Ptenon, 1978 

Pl eraon, 197,; 

u . s .  Dapart•ent 
of Aarlcu1ture ,  1979 

Tanaka � a l . , 1980 

Sofoa � a 1 . , 1980 

"=' I 
w 
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TABLE D-1 ( continued) 
Sod lua Sod lu• Po ly-
N i t rite , I aoaacorbate , phoaphatee ,  Sa l t , Brine ,  Suaar ,  
y/g g/ka % J!!L_ _z _ _ % __ _ z __ 

5SO 0 . 3  11 . 0 5  l . S  4 . 3  0 . 2 S  

6 . 1  1 . S  4 . 0  0 . 7 S  

550 0 . 3  6 . 55  1 . 7  s . o  0 . 1 1  

550 0 . ]  11 . 25  1 .8  4 . 7  o . u  

20 sso 0 . 3  11 . 1  t . s  4 . 0  o . 7 s  

30 230 0 . 26 NL 1 . S  4 . 9  0 . 3  

40 sso 0 11 . 2s 1 . 3  3 . 6  0 . 1  
0 . 2  
0 . 4  

sso 0 . 4 II . S  1 . 3  3 . 5  0 . 1  

0 . 2  6 . 2 5  1 . 3  3 . 7  0 . 1  

sso 0 . 11 6 . 2  1 . 5  NL 0 
>o . s 

S50 0 . 3  6 . os l . S  4 . 3  0 . 2 S  

5 50 0 . 3 II . S S  1 . 7  s . o  o . u  

5 SO 0 . 1  6 . H  1 . 8  4 . 7 0 . 1 1  

TeiiJie rature 
Abuae Sporee/ Toxic  
Daye •c Pack•&• Total 

9 2 7  2 . 0  " 102 18/20 
1 . 6  " 104 16/ 19 

9 2 7  2 . 8  " to5 7 / 20 

7 2 7  3 . 7  " 104 1 /4 

2 7  1 . 9  " 1o s 16/19 

9 27  2 .8  " tos 13/20 

7 27  6 . S  " 103 4 / S  
s . 4  " to 5 1 / S  
s . o  " to3 0/2  
4 . 2  " 105 2/2  

7 2 7  1 . 2 5 " 105 0/2 5  
1 . 2 5  x lOS 0/2S 
1 . 2 5  x lOS 0/2S  

7 27  8 .9  " 104 0/4 
3 . 2  " 104 0/4 

7 2 7  2 . 2  " 104 0/4 
3.0 " 104 0/4 

7 2 7  1 . 0  " tos 22/2S  
7 2 7  1 . 0  " lOS 3/ 3 

9 27  2 .0  X 102 2/20 
1 . 6  " to4 13/19 

27  3 . 7  " to4 0/4 

7 2 7  1 . 9  " t o s 1/4  

Pack . /  
Pack.  2

a 

1 " 10-2 
1 " 1o-4 
2 " to-6 

8 "  1o-6 

1 " to-s 

4 " 10-6 

2 " to-4 
4 " 1o-1 

<1 " to-4 
l02 x  10-6 

<t " 1o-1 
<� " Lo-7 

CJ " 1o-1 

<3 " 1o-6 
<9 x  1o-6 
<1 " lo- s 
<1 " to-s 

2 " lo-s 
>1 " to-s 

5 " to-4 
7 " to-s 

<8 x  10-6 

2 " 10-6 

Reference 

D .  R .  Rowley , Pfraona l 
c-unlcaUon 

Pleraon !! !!· • 1981 

M .  D .  Pleraon , pereona l 
c-nlcat lon 

D. R. Rowley , peraonal 
c-unlcat lonf 

Cbriet lanaen et a 1 . , 
1974 

- -

Ivey !i !!· • 197SC 

Pleraon , 1978 

Tanaka !! !!· • 1980 

D. R. Rowley , pe{aona 1 
c-unlcat lon 

Pleraon !! a 1 . , 1981 

M .  D .  Plaraon, pareona l 
c-nlcat lon 

? � 
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50 0 0 6 . 1 5  1 . 7  5 . 5 0 . 7  8 30 

60 2 30 0 . 26 NL 1 . 5  4 . 9  0 . 3  2 7  

550 0 . 31 6 . 2  1 . 5 NL � 0 . 5  7 2 7  

80 5 50 0 6 . 2 5  1 . 3  3 . 6  0 . 1  2 7  

5SO 0 . 3 1  6 . 2  1 . S  NL iJ1.0 . 5 7 a 
100 0 0 6 . 1 S  1 . 7  s . 5  0 . 7 8 30 

1 20 230 0 . 26 NL 1 . 5  4 . 9  0 . 3  1.7  

5 SO 0 6 . 1. 5  1 . 3  3 . 6  0 . 1  7 1. 7  

sso 0 . 4  6 . S  1 . 3  3 . S  0. 1 27 

0 . 2  6 . 1. 5 1 . 3 3 . 7 0 . 1  7 1. 1  

550 0 . 3 NL 1 . 14 3 . 3  0 . 1  2 7  

2 . 3  " 104 1/4  
2 . 3  " 106 1/4  
2 . 3  " 104 0/8 
2 . 3  ll 106 1 / 8  

6 . 5 ll 1 03 0/5  
5 . 4  ll 10 5 0/ 5  
5 . 0 . 1 03 0/2 
4 . 2  • 105 0/2 

1.0 • 105 0/10 

1 . 2 5  • 10 5 0/2S  

1 .0  x 10 S 2 / 10 

2 . 3  • 104 0/4 
2 . 3  " 106 2/4  
2 . 3  • 104 0/8 
2 . 3  • 106 2/8 

6 . 5  • 1 03 0/ 5 
5 . 4  " 1 0s 0/ 5 
5 . 0 " 103 0/2 
4 . 2  ll 1 05 0/ 2 

1 . 25 • 105 0/ 25  

8 . 9  • 104 0/4 
3 . 2  • 104 0/4 
2 . 2  ll 104 0/4 
3 . 2  • 104 0/4 

3 . 2  ll 104 2 1 / 30 
0/30 
0/30 
0/30 

1 " 10-s 
1 " to-7 

<6 " 10-6 
6 " 10-8 

< 3 " 1o- 5 
<4 • 1o-7 
< 1 " 1 o-4 
< 2 • 10-6 

< 1 • 10-6 

< 3 " lo-7 

2 • 1o-6 

< 1 • to-s 
3 • 1o-7 

< 6 • 10-6 
1 ll to-7 

< 3 " 1o-s 
< 4 • 10-7 
< 1 • 1 0-4 
< 2 " to-6 

< 3 " 10- 7 

< 3 • 10-6 
< 9 ll 10-6 
< 3 ll 1 0-s 
< 1 ll 1o-s 

4 ll 10-s 
< 1 • 10-6 
< 1 • 1 0-6 
< 1 ll lo-6 

Co1 1 1 na-Tha.paon 
!! al  • •  1 9 7 4 

Chrlat lanaen et a 1 . , 
1974 

- -

Tanaka !! !.!• , 1980 

I vey et a 1 . ,  1978 c 

Tanaka !! !.!• • 1980 

Col l l na-Tho.paon 
!! al . ,  1974 

Chrlat lanaen !! a l . , 
1974 

lvey !! a l . , 1978c 

Pleraoo , 1978 

Pl eraon, 1979d 

? 
VI 
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TABLE D-1 ( continued) 

Sod l ua Sod i um Po l y- 'l"eape ra t u re 
N i t  r l  t e ,  I soaac o r bate , phospha t e s , Sa l t , B r i ne ,  Suga r ,  Abuse Spores/ Tox i c  Pac k . /  
� •st ks z 2!._ _% _ % % Day s  !£...__ Packase Tot a l  Pac k .  t Rde rence 

5 50 O . l 6 . 5  1 . 5  NL 0 . 06 7 2 7  2 . 0  II 10.5 88/ 200 l II 1o-6 u . s .  Depa rtaent o f 
0 . 08 6 . 2  1 . 7  NL 0 7 2 7  2 . 0  II 10 5 20/194 5 II 1 0-1 Agr i c u l t ure , 1 9 7 9  
0 . 1 2  6 . 4  1 . 8 NL 0 . 1 2  7 2 7  2 . 0 II 10 5 l / 2 00  8 II l o-8 
0 . 4 6  6 . 4  1 . 4 NL 0 . 5 7 2 7  2 . 0  II 10 5 0/200 < 2 II lo-8 

5 50 0 . 3 1  6 . 2  1 . 5  NL 0 7 2 7  1 . 0  II 10 5 4 / 1 6  l II 1o-6 Tanaka e t  a l . , 
� 0 . 5 7 2 7  1 . 0  II 105 1 / 3 6  l II lo-7 1980 - -

5 50 0 . 5 NL 1 . 8  4 . 9  0 . 8  1 0  2 7  1 . 4  II 105 0/10 < 8 II 10-7 Sofoa et !!· • 1 980 � 
5 50 0 . 3  6 . 05 1 . 5  4 . 3  0 . 2 5  9 2 7  2 . 0  II 102 1 / 1 5  l x 10-4 D .  R . Rowll!y , I 0\ 

1 . 6  X 104 7 / 1 5  4 II lo-5 peraooal co-uo i c a t l o o  f 
6 . 1  1 . 5  4 . 0  0 . 7 5  9 l 7  2 . 8  II 105 0/20 < 2  II 1 07 

5 50 0 . ) 6 . 5 5  1 . 7  5 . 0  0 . 1 1  2 7  ) , 7  II 104 0/4 <a x  10-6 Ple raoo !!_ !!· , 1981 

5.50 0 . 3  6 . 2 5  1 . 8  4 . 7  0 . 1 1  2 7  1 . 9  II 10 5 0/4 <2 x  lo-6 M. D. P l e reon, pe rsona l 
c�uolcat l on  

1 50 0 0 6 . 1 5  1 . 7  5 . 5  o .  7 8 30 2 . )  II 104 1 / 4  1 II 10-.5 Co l l loa-Thompaon 
2 , )  II 1 06 2 / 4  ) II lo-7 !!. a l  • • 197 4 
2 , )  II 104 0 / 8  < 6 II 1 0-6 
2 , )  II 106 0/8  < 6 II l o-8 

a p • ( l n  n/q ) / s ,  whe re n • no.  package s ,  q • no . nontoxic  package & ,  and a • 
bNL • not l l at ed . 

no . chal lenge aporea / pac kaa• · 

" On l y  swo l len  pac kages we re exaal ned for  t o x i n .  
d ad o re a buse a t  2 7 " C ,  t he f our aruups o f  pac kages were held a t  10 • C for  0 , 2 ,  5, and 8 wk , reapec t l ve l y .  
"Va l ues f o r  nonswo l len pac kages were e x t rapo l a ted f roa X/4 . 
f swo l len packaaea recorded a f t e r  7 d a nd a ssayed for  t ox i n  a f t e r  9 d .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

A l t e r n a t i v e s  t o  t h e  C u r r e n t  U s e  o f  N i t r i t e  i n  F o o d s :   P a r t  2  o f  a  2 - P a r t  S t u d y
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 6 3 5
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D-7 

TABLE D-2 

Probability of Toxin or Gas Production from C .  botulinum Sporgs 
In Canned Comminuted Pork During Simulated Temperature Abus ea , 

Socu .. 
Nitri te ,  
y/y 

0 

so 

1 S6 

0 

so 

100 

Sodt .. 
· Iaoaecorbete,d 

200 •a/y 

+ 

+ 

+ 

Teaperat ure Abuaec 

1 Week at 27 "C 
Spore a/ Toxic Cane/ 

£!!!.. __ _ Total  Cane _.,�:e'";,..._ __ 

6 , 2  X 103 
1 , 1  X 103 

6 . 2 X 103 
1 , 1  X 103 

1 , 3  X 103 

8 , 0  X 103f 

1 . 3  X 103 

7 . 7  X 103 

2S/2S  
24/2S  

0/2S  
l/2S  

22/2S  
12/2S  
17/2S  

0/2S 

0/2S 

0/2S 

4 . 0  X 10S 30/40 

1 . 0  X 104 
1 . �  X 104 
1 , 0  X 104 
4 . 2  X 103 
1 . 7  X 104 

2 5/25  
2 5 /25  
2�/2 � 
2�/2� 
25/2� 

6 , 2  X 103 2� /2�  
1 . 1  X 103 23/ 2 �  

1 . 0  X 104 2 5 / 2 5  
1 . �  X 104 0/2�  

7 ,2  X lol 

1 , 0  X 104 
1 .  � X 104 
4 , 2  X 103 
1 . 7  X 104 
2 . 3  X 103 
5 , 2  X 103 

6 . 2  X 103 

l o l  X 103 

f 
8 , 0  X 103 

1 . 0  X 104 

1 . �  X 1 04 

4 , 0  X 105 

1 , 0  X 1o4 
1 . �  X lo4 
4 . 2  X 103 
1 . 7  X 104 
2 , 3  X 103 
� . 2  X 103 

1 . 0  X 104 
1 . 5 X 104 

2/40 

0/2� 

0/2� 
0/ 2 5  
0/2�  

0/40 

< 7 X 10-6 
4 x lo-s 
2 x lo-3 
6 X 10-4 

9 x lo-4 

< S  x 10-6 

< 3  x lo-s 

< S  x 10-6 

> 5  x 10-4 
2 x lo-3 

> 3 x lo-4 

' 3  x lo-6 

7 X 10-6 

< 4 X 10-6 

<4 x lo-5 

<4 x lo-5 
< 3  x 10-5 

<6 X 10-8 

2 Weeb at 27 OC 
Toxic Cane/ 
Total Cane p'" 

2S/2S  

2S/2S  
23/2S  
2S/2S  
2S/2S  
2S/2S  

2S/2S  

12/2S  

0/2S  

34/40 

2 5 /25  

2 5 /25  

20/40 

6/25  
0/ 2 5  
0 / 2 5  
0/2 5  
0/ 2 5  
0/ 2 5  

0/ 2 5  

0/25  
1/25  
5/25  

16/ 2 5  

0/ 2 5  

0/2 5  
0/ 100 

9/40 

0/2�  
0/2 �  
0/2 5  
0/25  
0/2 5  
0/ 2 5  

0/2 5  
0/ 2 5  

> 3  X 10-3 

>S X 10-4 
2 x lo-3 

>3 x lo-3 
>3 x lo-3 
>2 x 10-3 

>4 X 10-4 

s x lo-4 

<5 X 10-6 

>3 x lo-3 

> 2 x lo-4 

1 x lo-4 

3 x lo-5 
<3 X 10-6 
c1 x 10-5 
c2 · x  lo-6 
c2 x lo-5 
ca x 10-6 

<7 x lo-6 

<4 x lo-5 
4 x lo-5 
2 X 10-4 
8 x lo-4 

<5 x 10-6 

<4 x 1o-6 
<7 x 1o-1 

<4 x 1o-6 
< 3 x 1 o-6 
< 1 X 10-� 
<2 x lo-6 
<2 x lo-5 
<8 x lo-6 

<4 x 1o-6 
<3 x lo-6 

Reference 

Toapkln et a1 . , 197 8e  

Toapkln !l al . ,  1978a 

Toapkln !l !.!· , 1978c 

Toapkln !l !.!• , 1978a 

Toapkln !l a l . , 1979a 

Chrlat lanaen et al . , 
1973 

Toapkln  !l 81 . ,  1977 

Toapkln !! !.!· , 1978e 

Ivey and lobach ,  1976
h 

Chrl at lanaen et al. , 
1973 

Toapkln !! a l . , 197 7  

Toapkln !l 81 . ,  1978a 

Toapkln !! a l . , 197 8c 

Ivey and lobech,  197 8  

Chrlatlanaen et a l . , 
1973 

Toapkln !! a l . ,  197 7  

Ivey and lobach ,  1978 
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TABLE D-2 ( continued ) 

Sodlua 
Nitrite ,  

!IL!!L_ 
Sodiua d Iaoaacorbate ,  
200 y/k& 

Spores/ 
Can 

Teape rature Abuaec 

1 Week at 27•c 2 Weeks at 27 •c 
Total Cane e 

p 
Toxic Cane/ 
Total  Cane p e laference 

Toxic Cane/ 

!SO 
or 
156 

+ 7 . 2  X 103 

1 . 0  X 104 

1 . 5  X 104 

4 . 2  X 10 3 

1 .  7 X 1 04 

2 . 3  X 1 03 

S . 2  X 103 

0/40 <4 X 1o-6 Chrht lanaen !! al . , 
1973 

0/ 2 S  <4 X 10-6 Toapkin !!. !!• , 19 7 7  
10-6 

1 . 3 X 103 

8 . 0  X 10.; 

0 / 2 5  
0 / 2 S  
0/ 2 S  
0/2 5 
0/ 2 S  

0 / 2 5  

0/ 2 S  

<3 X 
<1 X 10-s 

<2 x 1o-6 

<2 x 10-s 

<8 X 10-6 

<3 X 1o-s Toapkin !! a l . , 1978a 

<S x 10-6 ToapiLln !! a1 . , 1978b 

1 . 0 X 104 

l . S  X 104 
0 / 2 5  <4 X 1o-6 Ivey and lobach ,  1978 

1 0-6 

7 . 7  X 103 

8 . 0  X 10 3 

0/ 2 S  

0 / 2 S  

0 / 50 

<3 X 

<s x 

<l x 

10-6 Toapkin !!. !!• , 

10-6 Toapll.in !!. !!• , 

8Tox1aeneala  l l a ted by Ch rl at lanMen et a 1 . ,  1973 ;  avel l a  C aenera l 1 y r ont t r�d by t o x i n  Meaaya ) 1 1 ated l n 
other etud lea .  

-- --
hwhere recorded (Chrietianaen et al . ,  1 9 7 3 ; Ivey and aobach, 1 9 7 8 ;  Toapkin !! a l . , 197 7 , 1978e) : ph , 5 . 8-6 . 3 ; 

b r ine , 3 . 7-4 . 1% ;  auaar , o . sz .
-- --

�Ident ical reaulta after 1 and 2 vk entered only once . 
Iaoaacorbate added (+) or not added (-) ,  rp • ( ln n/q) /e , Where n • DO .  cane , q • no . nontoxic nonevollan cane , and 8 • no . challen&e aporea/can . Taraet input of aporea . 

�After 8 d of incubat ion . 
Teate  1 and 2 listed under Toapkln !! al . , 19 7 7 . 

1979a 

1979b 
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TABLE D-3 

Prob abi lity of Outgrowth and Toxigenes is from C .  botulinum Spores 
in Vacuu�Packaged Mea t s  and Liver S ausage Dur ing S imulated Temper ature Abus e 

Te•�erature Abuaea 

1 Week at 2 1•c 2 Veeb at 27 •c 
Sod ha 
Nt t r l t e ,  l r l ne ,  Sugar, Spor .. / Toxic: Pack . /  

�b 
Toxtc: Pack . /  

Product  !II !!I _ % __ _% __ Pac:kye Total Pack .  Total Peck. �b Reference 

Frankfurter. 0 4 . 5  2 . 8c: 1 . 5  X 104 0/ 5 < 1  x 1 o-5 5 / 5 > 1 x t o-4 Huatad !!. a l . , 197 3 
0/ 5 < 1 x 1o-5 4 / 5  1 x 10-4 

4 . 8  2 . 8c: "' 2 ll 104 0/ 5 < 1  x 1o-5 4 / 5 8 x 1o-5 .,..." !!. !!· . 1974 
1 / 5  1 x 1o-5 4 / 5  8 x 10-5 

1/ 5 1 x 1o-5 5 / 5  > 8 ll 1 0- 5 

30 4 . 8  2 . 8  "' 2  X 104 0/ 5 < 1  x t o-5 2 / 5  3 x 10-5 .,...D !!_ al. , 1974 
3 / 5  5 x to-5 5 / 5  > 8  x t o-5 

3/ 5 5 x 1o-5 5/ 5 >8 x t o- 5 

50 4 . 5  2 . 8  1 . 5  X 104 0 / 5  < 1  x to- 5 0 / 5  < 1 x 1o-5 Hueted !!. !!· • 1 9 7 3  ? 0/ 5 < 1 x 1o-5 0/ 5  < 1 x 1o-5 

\0 
4 . 8  2 . 8  "' 2  X 104 0 / 5  < 1 x 1o-5 4 / 5  a x 10-5 Ioven !!. a l .  , 1974 

1/ 5 1 x 10-5 4/ 5  8 x 1o-5 

0/ 5 < 1  x 1o-5 1 / 5  1 x 1 o- 5 

100 4 . 8  2 . 8  "' 2 X 104 0/ 5 < 1 x 1o-5 0/ 5 < 1 x 1 o- s 

or 0/ S < 1 x 1o-s 0 / 5  < 1 x 10-5 

1 S6 0/ 5 < 1 x 1o-s 0/ 5 < 1 x 10-5 

Chi cken 0 3 . 2- 3 . 4  3 . od 4 . 2  X 10 2 5/ 5  >4 x 1o-3 Chrlu lanaen !!. a 1 . , 1 9 7 7  

f rank-
furtera  

50 3 . 0  5/ 5 >4 x 10- 3 

100 0 0/ 5 <5 ll 10-4 1 / 5  5 X 10-4 

3 . 0  0/ 5 <5 x 1 o-4 4 / 5  4 x 1o-3 

1 56 3 . 0  0/ 5 < 5 X 10-4 4 / 5  4 x 1o-3 

Turkey ha• 0 2 . 7- 3 . 4  0 1 . 2  x 10 3 5/ 5 >1 x 1o-3 Chrlat lanaen !!. a 1 . , 197 7 

50 4 / 58 1 ll 10-3 

100 1/ 5 2 x 1o-4 5 / 5  >1 X 1o-3 

1S6 0/ 5 < 2 x 10-4 5 / 5  > 1 x 1o-3 
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TABLE D-3 ( cont inued ) 

Te•e•rature Abuae8 

1 Weak at 2 1• c 2 Veeh at 27 "C 
Soc Uwa 
N l t r l t e ,  Br i ne , Suga r ,  Spores/ Toxic Pack . /  Toxic Pack . /  

Produc t ·•'!!I % __ _% __ Pac1ta1e Total  Pack. eb Total Pack. eb 

Per.ented of . NLI 2 . 0  4 . 6 X 104 1 / 3  9 X 1o-6 0/3  c9 x 1o-6 
aauugea oh 0/ 3 < 9 X lo-6 0/3 c 9  x 1o-6 

50 , 1001 0/ 3 < 9 X 10-6 0/3 <9 X lo-6 
or 150 

50 or 0/ 3 < 9 X lo-6 0/ 3  <9 X lo-6 
1 50f 

Liver 0 NL 0 '1.105 3 / 3  > 1  X 10-5 
aauaagea 

100 0/ 3 < 4 X 10-6 0/3 <4 X 10-6 

0 5 . 4  0 8 . 3  X 104 0/ 5 < 3 X 10-6 5 / 5  > 2 x 1o-5 

50 , 100 , 
< 3 X 10-6 < 3  x 10-6 or 150 0/ 5 0/5 

0 3 . 8-4 . 2  8 . 3x 3 X 1o-4 >2 x 1o-1 

uol-1rft � 3 X 10-4 
1 X 10-3 

1 X to-2 

50 8 X 1o-5 >z x  1o-1 
8 X Io-3 >2 X 10-2 
1 X 1o-2 

100 1 X 1o-5 >2 X Io-3 
2 X 1o-4 6 X lo-3 
2 X 10-2 

1 50 <2  X 1o-6 2 X Io-6 
< 2 X 1o-6 1 X lo-4 
<2 X 10-6 1 X 1o-3 

8l dent t ca l  resu l t s  a f t �r 1 and 2 vk entered only once .  
b p • ( ln n/q) / s ,  where n • no . packag�s ,  q • no . nontoxic packages , and s • no . challenge spores/package . 
c l nc l ud l ng  1 . 8% corn syrup aol ida .  
d tnc lud l ng  2 . 0% c orn s yrup aol ida . 
eroxlc l t iea a f t er 6 d .  
fv i thout a t a rt �r c u l t ure . 
gNL ,  not l is t ed  
hv i th a tar t�r cu l t ure . 
i L t v�r c on t e n t  on l y  1 7% of .. at block ; i nc ubat ion te•p. , 25 °C .  
JMn l t  I d o s e  apor" cha l lenge . 

Reference 

Chriat ianaen !! a 1 . , 

Ala-Huikku et a l . , 
1977 i - -

Hauachild !! !!· , 
pre a a 

i n  

197 5  

Hauachild !! !!• •  in preaa 

t::l I ..... 0 
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