
k/8

RECENT STUDIES ON THE ROLE OF SODIUM NITRITE AND SODIUM NITRATE
IN  CURED MEAT PRODUCTS

BY

HAROLD K. HERRING 

ARMOUR AND COMPANY 

801 W. 22nd STREET 

OAK BROOK , ILLINOIS 60521 

U.S.A.

FOR PRESENTATION 

AT THE

19TH EUROPEAN MEETING OF MEAT RESEARCH WORKERS

PARIS , FRANCE

September 2 - 7, 1973

1517



NEUE UNTERSUCHUNGEN UEBER DIE ROLLE, DIE SODIUMNITRIT UND 

SODIUMNITRAT IN FALTBAR GEMACHTEN FLEISCHPRODUKTEN

SPIELEN

Harold K. Herring

Diese Abhandlung ist ein Ueberblick ueber Arbeiten, die sich 

mit der Verwendung von Sodiumnitrit (Nitrit) und Sodiumnitrat 

(Nitrat) in gehackten Schinkenprodukten und in Wiener Wuerst- 

chen und der Verwendung von Nitrit in Speck beschaeftigen.

Diese Untersuchungen wurden gemeinsam vom American Meat Institute) 

der Drug Administration und dem U.S. Department of Agriculture 

durchgefuehrt, um die Rolle festzustellen, die Nitrit und Nitrat 

bei der Produktion von botulinalem Toxin, bei der Bildung von 

Nitrosamin und den Erfordernissen bei der Herstellung von halt

bar gemachten Fleischprodukten spielen.

Bei gehacktem Schinken beeinflusst die Menge Nitrit, die Fleisch 

beiggeben wird, die Toxin Produktion durch Clostridium botulinum. 

Bei 90 C.botulinum Sporen pro gramm Fleisch trat botulinales 

Toxin in den Proben auf und formulierte mit I50yitgr aber nicht 

mit 200yUcgr Nitrit pro gramm Fleisch. Bei einer Sporenanzahl 

von 5000/gr. trat Toxin in den Proben mit 400, aber nichtin 

denen mit 500 jAgr Nitrit pro gramm des Produktes, das bei 27 

Grad C. im Inkubator war, auf.

%
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In Wiener Wuerstehen wurde Toxin nach 14 Tagen Inkubation unter 

27 Grad C. entdeckt, falls kein Nitrit beigefuegt worden war. 

Botulinales Toxin trat nach 56 Tagen Inkubation bei der geringsten 

beigefuegten Menge Nitrit ( 50/*gr/gr. ) auf. Groessere Mengen 

von Nitrit verhinderten die Toxinproduktion waehrend der Inkubations 

zeit voellig. Das Aroma der Wiener Wuerstchen mit Nitrit war 

groesser als das der ohne Nitrit.

Bei einer Sensitivitaet von 10ng/gr. wurden weder im gehackten 

Schinken, noch in den Wiener Wuerstohen Nitrosamine entdeckt.

Die Verwendung von Nitrat zeigte nur geringen Einfluss auf die 

Toxinproduktion in gehacktem Schinken oder Wiener Wuerstchen.

In vakuumverpackten Speck wurden mindestens 30jugr/gr Nitrit 
fuer die Aufnahme durch den Speck und die Bildung der rich

tigen Faerbung und fuer die Verminderung der Erzeugung von 

Nebengeschmack benoetigt. Konzentrationen von bis zu 24 gr/gr 

N-nitrosopyrrolidin (NP) wurden durch Braten des Specks mit 

170yLtgr/gr von beigefuegtem Nitrit gebildet. Die Verwendung von 

Mikrowellen fuer das Kochen verringerte NP auf 5 »gr/gr. oder 

weniger. Auch die Verwendung von Ascorbaten verringerte die 

NP Konzentrationen in gebratenem Speck.

Im Speck resultierten erhoehte Nitrit Mengen in einer ver

ringerten Wahrscheinlichkeit der C. botulinum Toxinforraation 

in Spe^k, der entweder durch die Burke oder in in Scheiben
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geschnittenen Speck nach der Verarbeitung okuliert wurde. 

Botulinales Toxin entwickelte sich in Speck, der mit 200 

Sporen pro Gramm okuliert wurde und 120 gr/gr Nitrit oder 

weniger enthielt, wogegen bei 170yu.gr/gr Nitrit oder mehr 

kein Toxin entdeckt wurde.

Da Nitrit bei einer Lagerung bei 27 Grad C. sehr schnell 

verschwand, wurden zur Bildung der hemmenden Substanz(en) 

in den Produkten, die antibotulinale Effekte boten, an- 

faenglich hohe Konzentrationen Nitrit benoetigt.

/
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ETUDE3 RECENTES SUR LE ROLE DU NITRITE DE SODIUM ET NITRATE DE SODIUM

DANS LES PRODUITS FUIES DERIVES LE LA VT ANTE 
Par Harold K. Herring

Ce document est une revue des travaux sur l'emploi du nitrite (nitrite) 

de sodium et nitrate (nitrate) de sodium dans un produit héché dérivé du 

jambon et dans les saucisses types viennois, et l'emploi du nitrite dans 

le lard. Les études furent réalisées en coopération entre l'Institut 

Américain de la Viande (American Méat Institute) et l'Administration des 

Denrées Alimentaires et Produits Pharmaceutiques (Food and Drug Administra

tion) et le Ministère de l'Agriculture des Etats- Unis ( United States 

Department of Agriculture) pour déterminer le rôle du nitrite et du nitra

te sur la production de la toxine botnlinale, la formation nitrosamine, et 

les besoins de fabrication parmi les produits fumés dérivés de la viande.

Dans le jambon haché, le niveau de nitrite ajouté à la viande influença 

la production de toxine par Clostridium botulinum. Avec 90 spores de 

botulinum C. par gramme de viande, la toxine botulinale se développa en 

échantillons formulés avec 150 ug mais pas avec 200 ug de nitrite par gramme 

de viande. Avec un niveau de spore de 5.000/gr. la toxine fut décelée dans 

les échantillons avec 400 mais pas 500 ug de nitrite par gramme de produit 

incubé â 27° C.

Dans les saucisses type viennois, la toxine botulinale fut décelée après 

14 jours d'incubation â 27° C sans addition de nitrite. La toxine botulinale 

se développa après 56 jours d'incubation au niveau le plus bas de nitrite 

ajouté (50 ug/gr.) . Des niveaux plus élevés de nitrite retenirent complètement 

la production de toxine durant la période d'incubation. La saveur des saucisses 

type viennois faites avec le nitrite fut meilleure que celle des saucisses 

faites sans nitrite.

1521



A une sensitivité de 10 ng/gr, on ne décela point de nitrosamines dans le 

jambon haché ou dan3 les saucisses type viennois. L'emploi de nitrite démontra 

peu d'effet sur la production de toxine dans le jambon haché et les saucisses 

type viennois.

Dans le lard empaqueté à vide, il fallut au moins 30 ug/gr. de nitrite 

pour l'acceptation du lard et la formation de la couleur fumée et pour réduire 

le taux de formation de rupture de saveurj et dans le lard empaqueté par système 

autre que celui à vide, il fallut 60 ug/gr. de nitrite. Des concentrations de 

N- nitrosopyrrolidine (NP) de jusqu'à 24 ng/gr. furent formées dans la friture 

de lard avec 170 ug/gr. -de nitrite ajouté. Les c ono entrât ions de NP furent plus 

basses avec des niveaux de nitrite plus bas. L'emploi de cuisson par micro-onde 

abaissa le NP à 5 ng/gr. ou moins.

Egalement, l'emploi d'ascorbates réduisit les concentrations de NP dans le 

lard frit.

Dans le lard, les niveaux de nitrite augmentés amenèrent une possibilité 

réduite de formation de toxine botulinum Ç. inoculée soit par la saumure ou 

dans le lard en tranches après traitement. La toxine botulinale se développa 

dans le lard inoculé avec 200 spores par gr. et contenant 120 ug/gr. de nitrite 

au moins, alors qu'à 170 ug/gr. de nitrite ou moins, on ne déoela pas de toxine.

Du fait que le nitrite disparassait rapidement durant l'emmagasinage à 

27° C., il était besoin de hautes concentrations de nitrite pour la formation 

de la substance inhibiteuse dans les produits offrant l'effet anti-botulinal.
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HOBUE HCC^E^OßAHHÜ O POJIH 
B KOHCEPBHPOBArfHhlX toP.CHKX A30THCT0-KMCJI0r0 H A3ÛTH0-KHCJI0r0 HATPHfinpô yKTAx
rnpojiba !!. XeppiiHr

B T S  C TfiTbH H B ^ a e T C H  OÓ30DOV V n 0 T p e 6.*eHHfl H H T P H T 8 H HHTpaxa p 

K p o m O H U X  n p O f l V K T a x  E 0 T M H H N  H b  " B e H C V K x "  ( * p e H K * V T > T © o )  , T 8K * ©  3Ta 
CTflTba o ô c ^ i y K a e T  y n o T p e ô j i a i m ©  h v t ü r t .-ï p  k o h h « h o « c b h h o «  r p y A R H K a  

( c e K O H C  ). 3 t h  H c c j i e ^ o B a H H H  ö n j i h  o c y r n e c T B ^ r e H H  v o o n e p a T H B H o  (c o b m b c t h o ) - -  

A w e p H K a i i c K H M  w a c H H M  H H C T B T y r o M .  y p a B ^ e H K B M  k o h t p o j i h  n H i u e B N x  n p o a y K T O B  

H U e A M K a M G H T O B ,  K T 6.K*e S U e p H K S  H C  K H M  Î Î H H H C T © p C B O M  3eVUI©AeJIHH . Bee 3T 0 

c ^ ejTÎ0 y C Ta HOBHTb pOJIb H B Æ H H H H e  H H T p H T E  M  H H T p a T ©  Ha OÔpa30BaHIie 
(na p a c n p o c r p a H G H H a  ) ôoTyjibao fia a, H a  o 6p a 30 B 8 H H e  H H T p o c a v i H H Q , n T a  k)kg 

n o c T a p a T b C H  o n p e a e ^ i H T b  n p o H 3B O A C T B © H b i e  HyscAH b  k o h c a p B H p o B a H H H  mhchhx 
riP O A 7 K T O B .

B KpomeHo» BeTMHiie ypoBeHb h h t p h t b, bkjhoh©khh» b yaco, noa*RH.* hs 
00p a 3O B a H H e  T O K C H H a  n O C p e A C T B O M  K O ^ I O C T p H A S  “ Ô O T y ^ I H H a  .

ripa 90 r p a A y c o B  H e l e n a ,  b  c n o p a x  ( s a p o A W u a x )  6o T y ^ i H H a  b  r p a w M e  

rt°TyjIl*HOBUti T 0H C H H  P 83 M Í C S  B  O f l p a O n a x ,  * O P M y j I H p o B a H H H X  C O  

I S O  M H B p o r p B M V C V B ,  H O  H B  C 200  « B B O O r O H B M B V B  H H T P H T 8 B OflHOM T p B V W O

^aca.

ITpa ypoBHe 5 , 0 0 0  crrop b 1 r p a y y e ,  to kc rh  öim  oöHopyjreH b oópaanax
5 4 °0’ HO He ° 500 w H K p o r p e u v a u H  hbt pbt» na J r p a u u  npoayKTa,
^seA6HH0T0 npH 2V rpaAycoB UejïbCHH.

B "BeHCKHx” (4)paHK4)ypTep) öoTyjiHHOBH« TOKCHH ôbüi oôHapyxeH nocjie 
14 AHPR HHKyôauHH npH 27 r p a A y c o B  Uejrb3H H ,  K o r A a  hhtpht h© 6hji 

6^ J 0a © H .  EOTyjIHHOBhlH TOKCHH p a 3BHJICH n o c j e  56 A H © «  HHKyôaHHOHHoro 

SpHOfla npw cewoy hhckom ypoBHe BKJi»H©HHoro hht pht© (50 MHKporpaywoB
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Hfl 1 rpaMM).

EOJiee BHCOKHG ypOBHH TTOAHOCTbJO aaflepHflJIH OÖpaPCBHBflHHe TOKCHHa 

b o Bpewa KHKyöapHOHHoro nepHOAa.
B K y e  " B e H C K H x "  n p n r O T O B A 0 H H H X  C O  B K A R H 6H H G M  H H T p H T a  , O K 8 38A C H  

AyHuiG, neu t g 11 b g h c k h e", KOTopue ö h a h  npHroTOBJieHH 6e3 h h t p h t b „

H h KBKHX HWTPOCBMHHOB HG ÖHAO OÖHapyUCeHO HH B KpOUieHOU B6THHHG ,

HH B "ßeHCKHx" npH ypOBHe HyBCTBHTGAHOCTH B 10 Hr/r.
ynoTpGÓAeHHe HHTpaTa onasajio h g 3h b h h t g a h o g  b a h h h k g  h b oöpa30BanHe 

TOKCHHa B KPO’JIGHOÎÎ BGTHHHG H B "BeHCKHx."

B ÖeKOHe, rGpMGTHHGCKH 38118 KO Bfl HHOM , HyKHH ÖHAH, ÏÏO MGHDiefi M&pG ,

30 v .r /r h h t p k t b  a a h  t o t o , h t o ö h  3t o t  h h t p h t  6wi b o c t t p h h h t , h h t o ö h

UBGT ÖGK0H8 ÖHA COxpaHGH ÖG3 H3WGHGHHÎ*, TflKKe HTOÖK npOpeCC OÖpaOOBNBfl^ 
6e3Kyco’ioíí a o 3h  (3o h h ) yvGHWGH; b h g remieTHHecKH sanavosaHHow 

ÖeKOHe, a a h  Tex *e uejieM HystHH ö h a h  60 u r /r ,
KoHueHTpapHH "H”— HHTpo-conHoovHAa (HIT) snjiOTb ao 24 Hr/r 

oöpaaoBflAHCb b rrpouecce acapeHHH öeKOHa co 170 u r /r  AOÖaBAGHHoro 
HHTp.lTa. KOHUGHTpaUHH Hü ÖHAH HH*G IlpH ÖOAG HH3KHX ypOBHHx HHTpHTa.

ynOTpeÖAGHHG CKCTGUN UHKpOBOAHHCTOÜ BflpKa CHH3HAO HIT AO 5 Hr/r 
H HH3KG.

T a K x e  y n o T p e ö ^ G H H e  a c K o p ö a T O B  b  x a p e H o i i  ö g k o h g  y M e H b i n H A O  

KO H U  G H T  pailHH HÍI .
B ÖGKOHe--yBe^tHHGHHHG ypOBHH HHTpaTa HMeAH pe3yjIbTBT0M yMeHblUGHHy10 

BepOHTHOCTÖ OÖpa 30B8HHH CTOrpHAYCHOTO ÖOTyMHHOrO TOKCHHa, BBGAGHHOrO 
nocAG oöpnöOTKH hah rryTew paecoAa hah b HapBsaHHN« aomthkh rpyAHHKH. 
Bo t 7a h h o b hB tokchh oöpa3oeaACH b ÖeKOHe nocAe bbgaghhh 200 cnop 

Ha rpaMM, h C0Aep*amHx 120 u r /r  HHTpaTa hah as*® m gHbrie, weirAy 

TGV, KBK npH 170 U r/r HHTpHTa HAH ÖOAbrae*, HHKflKOT O TOKCHHA HG ÖHAO

-  1524 -
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oöHapyaceHO.

B BHßy Toro, n r o  hhtpht öhctdo ncnaptfjjcH bo spew* ero xpaHeHna 
b  CKxafle, npM TownepaType 27 rpaaycoB llejii>3H, to HyxtHH öhuih bhcokhq 
nepBOHa'ía.JihHHe KomjeHTpauHH hhtphte ¡\jií\ 0Cpa30BHBaHáH 3aßopxHBaiomKx 
BemecTB b  npoAyKTax, h tokobhb BeiuecTBa oÖJiaaajiH CBoftcTBaun 
n p O T H B O - ö O T y j i H H o r o  e(Jx} )eKTa.
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RECENT STUDIES ON THE ROLE OF SODIUM NITRITE AND SODIUM NITRATE

IN CURED MEAT PRODUCTS

SUMMARY

This paper is a review of research on the use of sodium 

nitrite (nitrite) and sodium nitrate (nitrate) in a chopped ham 

product and in wieners and of the use of nitrite in bacon. The 

studies were carried out under the auspicies of the American 

Meat Institute1, and with the active participation of the Food 

and Drug Administration and the United States Department of 

Agriculture to determine the role of nitrite and nitrate on 

botulinal toxin production, nitrosamine formation, and manu

facturing needs in cured meat products.

In chopped ham, the level of nitrite added to the meat 

influenced toxin production by Clostridium botulinum. With 

90 C. botulinum spores/g of meat, botulinal toxin developed in 

samples, formulated with 150 ug but not with 200 ug of nitrite 

per g of meat. At a spore level of 5,000/g toxin was detected

1aH  Research in the meat industry was carried out in the 
laboratories and plants of:

1. Armour and Company
2. Hormel & Company
3. Oscar Mayer & Company
4. Swift & Company



in samples with 4000 but not 500 ug of nitrite per g of product 

incubated at 27°C.

In wieners, botulinal toxin was detected after 14 days 

of incubation at 27°C when nitrite was not added. Botulinal 

toxin developed after 56 days of incubation at the lowest 

level of added nitrite (50 jag/g). Higher levels of nitrite 

completely inhibited toxin production during the incubation 

period. The flavor rating of wieners made with nitrite was 

higher than that of wieners made without nitrite.

No nitrosamines were detected at a sensitivity of 

10 ng/g in the chopped ham nor in wieners. The use of nitrate 

showed little effect on toxin production in chopped ham and

wieners.

In vacuum packaged bacon at least 30 pg/g of nitrite 

was needed for bacon acceptance and cured color formation and 

for decreasing the rate of formation of off-flavor; and in 

non-vacuum packaged bacon, 60 pg/g nitrite was needed. Con

centrations of N-nitrosopyrrolidine (NP), up to 24 ng/g were 

formed in frying of bacon with 170 pg/g of added nitrite. 

Concentrations of NP were lower with lower nitrite levels.

Use of microwave cooking lowered NP to 5 ng/g or less. Also, 

use of ascorbates reduced or eliminated NP in fried bacon.
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In bacon, increased nitrite levels resulted in a

decreased probability of C. botulinum toxin formation in 

bacon inoculated either via the pickle or into sliced bacon 

after processing. Botulinal toxin developed in bacon 

inoculated with 200 spores per g and containing 120 ug/g 

nitrite or less, while at 170 pg/g nitrite or more, no toxin 

was detected under abuse conditions at 27°C.

Since nitrite disappeared rapidly during storage at 

27°C, high initial concentrations of nitrite were needed for 

the formation of the inhibitory substance(s) in the products 

that offered the anti-botulinal effect.

1528 -



RECENT STUDIES ON THE ROLE OF SODIUM NITRITE AND SODIUM NITRATE

IN CURED MEAT PRODUCTS

Harold K. Herring
Armour and Company
801 W. 22nd Street
Oak Brook, Illinois 60521
U.S.A.

The use of salts of nitrite and nitrate in cured meat 

products has received considerable attention in recent years.

There is interest in the role of these curing salts on the possi-
i

ble formation of nitrosamines in meat products and the stomach 

and in the necessity for reducing the potential for growth of 

Clostridium botulinum. Cured meat products such as ham, wieners, 

bacon, dry sausage, etc., differ from each other in many respects. 

The formulation, processing conditions, marketing, and packaging 

techniques for each product differ from the others.
j

With these, as well as other considerations in mind, the 

meat industry through the American Meat Institute, in cooperation 

with the United States Department of Agriculture and the Food 

and Drug Administration, initiated a series of studies on its 

different types of meat products to determine the role of nitrite 

and nitrate on botulinal toxin production, nitrosamine forma

tion, and manufacturing needs.

This paper is a brief review of the work that has been con

ducted on the use of sodium nitrite and sodium nitrate in a
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chopped ham product and in wieners and of sodium nitrite in bacon

Perishable Canned Comminuted Ham

The first collaborative study was conducted on a perishable, 

canned, comminuted ham (Greenberg, 1972). The detailed study 

appeared in the March Issue of Applied Microbiology 

(Christiansen, et al., 1973). Canned ham does not receive 

sufficient thermal processing to prevent the possibility of 

botulinal toxin production and is labeled "Keep under refrigera

tion." However, it is often temperature abused at the retail and
*

consumer levels.

In the study eight levels of nitrite (0, 50, 150, 200,

300, 400, and 500 pg/g) and four levels of nitrate (0, 500, 1000, 

and 2000 ¿ig/g) were tested. C. botulinum spore inoculum 

(five type A and five type B strains) levels were 0, 100, and

10,000 spores/g of meat. The product was formulated with 2.5% 

sodium chloride, 0.5% dextrose, and 0.02% sodium isoascorbate.

The product was canned and cooked in 77#C water to an internal 

temperature of 68.5°C. Product was chilled, stored at 7° and 

27°C, and then observed and analyzed at weekly intervals for 

botulinal toxin.

The authors (Christiansen, et al., 1973) noted that although 

nitrite decreased on contact with meat, cooking had little effect 

on nitrite concentrations. Storage at 27°C caused a rapid 

depletion of sodium nitrite while the reduction of nitrite at 7°C
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was less rapid. There was little change in nitrate concentrations 

during cooking and storage.

The level of nitrite added to the meat influenced growth and 

toxin production by C. botulinum. Also, the concentration of 

nitrite needed to effect complete inhibition was dependent on the 

inoculum level. The rate of toxin production was decreased, and 

the number of toxic cans was reduced by increased nitrite. At a 

spore level of 90/g they confirmed toxin production up to 150 pg/g 

of nitrite, but none at 200 pg/g and higher. At a spore level of

5,000 per g, toxin was confirmed up to 400 pg/g of nitrite. How

ever, only 8 of 280 samples with nitrite levels of 200 pg/g or 

greater were botulinogenic with the high spore inoculum. Nitrate 

was shown to have a statistically significant inhibitory effect; 

however, the effect may have been through increased production 

of nitrite. Nevertheless, the authors concluded the effect of 

nitrate was not sufficient to be of practical value.

No toxin was produced in canned ham samples stored at 7°C. 

However, they found that the omission of nitrite led to what was 

termed nontoxic spoilage. The cans were swollen and the product 

was sour and had a green discoloration. This spoilage occurred 

within one month, but was inhibited by use of nitrite.

Samples of ham analyzed with various levels of nitrite and

nitrate were negative for 14 volatile nitrosamines with a con-
■

firmable sensitivity of 10 ng/g.
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Wieners

The next study was conducted on wieners, a product selected 

to represent those products which are finely comminuted 

(Bard, 1973). This study appears in detail in the July issue 

of Applied Microbiology (Hustad, et al., 1973).

Commercial conditions were approximated as closely as 

possible for formulation and processing of the wieners. Six 

levels of nitrite (0, 50, 100, 150, 200, and 300 pg/g), four 

levels of nitrate (0, 50, 150, and 450 yg/g) and two inoculum 

levels (0 and 620 C. botulinum spores/g) were used. Incubation 

periods up to 56 days were used and portions of each batch were 

stored at either 7°C, 27°C, or 21 days at 7°C followed by 27°C 

for 56 days. The product was formulated with 42.5% pork (50% 

lean) 31.41% beef (95% lean), 17.13% ice, 3.2% water, 2.51% salt, 

1.80% dried corn syrup, 1.02% dextrose, 0.39% spice; and 0.04% 

sodium ascorbate (ascorbate). Spores,were added during the second 

minute of chopping followed by nitrite and nitrates. After pro

cessing and vacuum packaging, samples of each lot were alloted to 

different storage conditions. Samples were analyzed for 

botulinal toxin, and nitrite and nitrate periodically during the 

incubation periods.

During processing the authors noted an average 67% reduction

in added nitrite. There was a further depletion of nitrite during

served in the ham study at 27°C, the reduction occurred within

storage, but the rate was dependent on temperature, as was ob-

1532
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the first few days, while at 7°C, concentrations decreased only 

after 3 weeks of storage. Nitrate also decreased during storage, 

particularly at 27°C. Small quantities of nitrite and nitrate 

were present in samples where none was added.

The authors (Hustad, et al_., 1973) found that added nitrite 

suppressed botulinal toxin formation. Toxin was present in 79 of 

220 nitrite-free samples. Two samples containing 50 pg/g of 

nitrite were toxic after 56 days storage at 27°C while no samples 

became toxic at higher nitrite levels. They indicated that 

wieners were not a good medium for toxin production by 

C. botulinum. Nitrate had little effect on toxin production as 

a large number of toxic samples were detected where nitrate, but 

not nitrite, had been added.

The authors reported nitrite affected flavor and that 

wieners containing nitrite had a significantly higher flavor 

score than did those not containing nitrite.

Also, samples containing varying levels of nitrite and 

nitrate were analyzed for nitrosamines. None were detected at 

a confirmable sensitivity of 10 ng/g in uncooked, water cooked, 

or pan-fried wieners.

§ _ a o o n

Preliminary reports were given recently on studies conducted 

°n bacon (Herring, 1973; Greenberg, 1973). In t_he United States, 

bacon is that product prepared from pork bellies. It is
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processed at low temperatures (56 - 60°C) and must be further 

cooked prior to consumption. The study was designed to determine 

the effect of nitrite from three distinct aspects; product manu

facture and physico-chemical characteristics, nitrosamine forma

tion during cooking, and inhibition of growth of C. botulinum.

Bacon was produced with six levels of nitrite (0, 15, 30, 60, 

120, and 170 fig/g) and two packaging types, non-vacuum and vacuum. 

Nitrate was not incorporated into the study because few pro

cessors use it in their curing pickles and use a very short 

curing time. Bacon was injecto-pumped to retain 10%, a curing 

pickle containing 13.4% sodium chloride, 2.9% sucrose, 2.5% 

sodium tripolyphosphate, 0.23% sodium isoascorbate, and varying 

levels of nitrite. The bellies were processed within five hr. 

at 54 - 60°C for about 11 hr and to an internal temperature of 

53 - 54°C. After chilling to -4°C, the bacon was molded, sliced, 

and packaged.

There was a 23% decrease in nitrite after pumping and a 60% 

reduction after processing. However, there was considerable 

nitrate generated where none was added. Up to 50 } i g / g  sodium 

jiitrate was present within a few days of processing. Residual 

nitrite concentrations were a function of added nitrite, being 

higher with higher added nitrite; and nitrate concentrations 

were also higher with higher added nitrite.

Added nitrite level had an effect on bacterial growth.
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Concentrations of 15 to 60 pg/g had little effect on the lag 

phase of growth in vacuum packaged bacon. 120 to 170 pg/g of 

nitrite delayed bacterial growth for four to five weeks.

Flavor stability and acceptance of bacon were also affected 

by added nitrite level. Bacon produced without nitrite had 

lower flavor acceptance scores than bacon produced with nitrite. 

Off-flavor scores were higher initially and increased at a 

faster rate in bacon with 0 and 15 pg/g nitrite. In non-vacuum 

packaged bacon containing 0 to 30 pg/g nitrite, sensory tests 

were terminated early due to mold growth, while bacon with 

60 pg/g nitrite or higher were sampled throughout the storage 

period of 7 weeks and had a lower rate of decline of acceptance 

score. Thirty pg/g nitrite was needed to produce the pink 

coloration in vacuum packaged bacon while in non-vacuum 

Packaged bacon 60 pg/g was required.

Added nitrite level and cooking method affected the forma

tion of nitrosamines. Since uncooked samples contained no 

^itrosopyrrolidine (NP), it had formed during cooking. NP 

increased with increasing nitrite levels. Pan fried samples had 

the highest (0 - 24 ng/g) oven baked samples intermediate 

(0 - 14 ng/g), and microwave cooked samples the least 

( 0 - 5  ng/g) NP.

Tests were then conducted to evaluate the effectiveness of 

Ascorbates on preventing or blocking the formation of NP.
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(Mirvish, 1972). Three types of processing conditions were used: 
Company A used an intermediate 11 hr process (as described above), 
Company B used a short 4 hr process, and Company C used a 22 hr 
process two days after pumping of bellies.

No nitrosamines were detected in the short-processed, fried 
bacon, even though no ascorbate was added. In the intermediate 
processed bacon of Company B, 5 - 1 0  ng/g NP was found with use 
of 170 pg/g of nitrite and 0 ascorbate. Increased concentra
tions of ascorbate to 500 pg/g appeared to block NP formation in 

bacon. In the long processed bacon, 5 - 1 3  ng/g NP were present 
when 0 ascorbate was used, 5 ng/g was present when 500 p g / g  

ascorbate was used, and 0 NP was detected with 2000 pg/g 
ascorbate.

In another test, storage of bellies for 13 days at 4.5°C 
before processing (long process of Company C) increased NP to 18 
from 7 ng/g after 1 day at 4.5°C. At the same time, formation 
of NP was blocked when 1000 pg/g of ascorbate was used.

The third aspect of the studies on bacon dealt with the 
degree to which nitrite retards or prevents growth of C. 
botulinum. Nitrite levels were 0, 30, 60, 120, 170, and 340 
)ig/g; inoculum levels were 0, 100, and 10,000 spores/g. Also, it 
was decided to inoculate the bacon before processing via the 
pickle and after slicing. Product was vacuum packaged and 
incubated at 7° and 27°C for 12 weeks.

//. /
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An inhibitory effect on C. botulinum toxin production was 
observed in both lightly and heavily inoculated bacon regardless 
of when the product was inoculated. At the low inoculum level 
and at 27°C storage, toxin was detected at 0 and 30 yq/q nitrite 
within one week, at 60 pq/q in two weeks and at 120 yq/q in four 
Weeks. No toxin was detected at 170 and 340 yq/q throughout the 

three-month storage period.

In the heavily inoculated product, toxin was observed at all 
nitrite levels, but at a decreasing frequency with increased 

nitrite level.

In bacon inoculated after slicing, bacon with 120 yq/q added 
nitrite was considerably more resistant to botulinal toxin 
Production than product with lower added nitrite. This in
dicated that a "Perigo factor" was observed in bacon and which 
acted to inhibit growth of C. botulinum. Also, residual nitrite 
levels decreased significantly (to less than 6 yq/q) within two weeks 

in bacon with up to 170 yq/q nitrite when incubated at 27°C. 
Therefore, it was the high initial added nitrite concentration 
rather than the residual nitrite that was responsible for the 

anti-botulinal effect.

£onclu.8ion8

In conclusion, these studies demonstrate that those con
centrations of nitrite long used in commercial practice are 
Essential in inhibiting growth of C. botulinum in those.products
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studied to date. Clearly, the level of nitrite added at the time 

of manufacture rather than residual nitrite concentrations is 
necessary for the anti—botulinal effect when processed meat 
products are temperature abused. It would appear that the 
nitrite not only reacts with spores, but reacts with meat to form 
an inhibitor (Perigo factor) of spore germination and/or 
outgrowth.

No nitrosamines were detected in chopped ham or wieners even 

when they contained 500 and 300 pg/g added nitrite, respectively. 
In fried bacon, however, nitrosopyrrolidine concentrations up to 
24 ng/g were detected at conventional (170 pg/g) levels of 

nitrite. The nitrosopyrrolidine concentrations were reduced by 
use of lower levels of nitrite, microwave cooking, or high 
levels (1000 - 2000 pg/g) of ascorbate.
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