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| constituent of the curing formulation, Second, that cured meats represent a
3“0 of residual nitrite which when consumed by humans may react in the gastric
”honmont with ingested amines to form nitrosamines.

The hazard of nitrosamines has been known for about 20 years, Dimethylnitrosamine

' ; d et sl e

" extremely potent carcinogen and over 65 different nitrosamines have been shown
'be : : - : ‘ g . d
| '~ Carcinogenic., Analysis of food products for nitrosamines was undertaken in
“late 1960's and early 1970's, Some positive results for cured meats were pub-
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d. | need say little more about historical aspects from that time onward.

There is no doubt about the danger of certain nitroso compounds. The problem is

I
e of establishing the danger of nitrosamines but rather it is one of relating
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9Samines to food hazards., The problem is a very complex one because of extremely
®“ncentrations, a long laborous procedure for analysis, differences in toxicity,
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the need to estabiish a risk-benefit ratio for nitrosamine precursors such as

There are questions still to be answered, but I'm pleased to cell you that much
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ful diligent research, designed to establish basic principles has already been

]Q~ed. Such will be the topic of the papers contained througiout todays sessicn
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trites and nitrosamines in processed meats.

My objective is to discuss the two papers submitted under session E entitled
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Cal Aspects'., | am fortunate because the 2 papers in this session represent
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Quality and timely work, A clear point is made by each and | believe | can
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'e this information to some pertinent work in the U,S.A. which will, | hope, be
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; terest to you, Finally as time permits | will present some work conducted in

.]aboratory‘ It may relate more to Mr, Rankin's session but | would like to make
ivai]ablc: for discussion,

Let veis M uttungiOﬂ then to the paper entitied ''Some Chemical Studies on
?’”trosaminc Problem With Respect to Bacon Production'' by Patterson and Mottram
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tant questions, First, the amount of nitrite added in curirg is known but sincé
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the second required component for formation of nitrosamines is amines, then whic

amines are present in meat and in what quantities. Second, a most frustrating
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problem has been the observation that raw bacon does bt

not contain nitrosamines

after cooking substantial quantities of nitrosamines - specifically nitrosopyrro

lidine - are present.
The authors analyzed

post-slaughter, (2) after 76 hrs of commercial chill, (3) following curing and

maturation and (4) following vacuum storage for a number of days. Methylamines

dimethylamine, trimethylamine, ethylamine, diethylamine, n-propylamine and iso-

propylamine were detected in the fresh meat

10 te 1900 mg/kg. | believe it is of particular interest to sce the continual

crease in dimethylamine from time of slaughter through to the end of storage. A

general conclusion was that the levels of amine detected were not sufficient to

sult in the formation of detectable levels oflnitrosaminea
out by the fact that the san

and nc positive confirmations made,

| will now comment briefly on some work from the U,S.A, and contrast it with

foregoing results, This

Eastern Regional Lab (Lakritz, et al. 1973) and concerns their determination of

amines in fresh and processed pork.

for spermine, spermidine, putrescine,

and ethanolamine, Concentrations found ranged from 0,5 mg/100 g for tyramine tO

mg/100g for putrescine,
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not significantly alter ti

e levels of the free amines

: ; ‘ eicps hr
for endogenous amines in 10 carcasses at (1) within I

ool
od 1!
. The concentrations detected rangbd

in

: po!”
This conclusion was !
o o h ]inc5
e samples were analyzed for steam volatile nitrosan
: ; . . A
's work of Lakritz, Spinelli and Wasserman of the U.S.Ds

F at
They analyzed fresh, cooked and putrified me

: : : : : oS
cadaverine, histamine, tyramine, tryptamin

A ! 7 i AR _-tné
Significant increases in spermine, spermidine, putrcsc'n

-
T . A : n
ction, Cooking at 71°C decreased the conc®




t

¢

jif

o

The second part of the work by Patterson and Mottram was conducted more as a lab-
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'Y model experiment but produced some interesting results about the conversion
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'Sh concentrations of dimethylamine were always found in the fried bacon., Con-
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the use of ascorbate suppressed the formation of nitrosamines.
? and of most interest to me was the figure generated by the authors for conver-
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of Secondary amine to nitrosamine in the absence of ascorbate. The suggested
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i
the o, g - - * ' St &ctabd | trosami
Paper the 0.1% conversion would not produce a detectable amount of nitrosamine,

To Summarize the findings of this paper | would say that endogenous amines are
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L““]c nitrosamines in the cured finished product. Ascorbate suppress the for-
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€iore | proceed now to the next paper | want to comment briefly on 2 other con-
‘Ons, First, is some very recent work by Fiddler et al. (1974) which was

at the recent IFT meeting. It is about the formation of nitrosoproline in
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‘®d bacon and its possible role as a precursor to nitrosopyrrolidine in cooked
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The possibilities for formation of nitrosopyrrolidine are (1) from the nitro~

Pyrrolidine which had resulted from cyclization of putrescine or decarboxyla-
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tion of proline, (2) from the formation of nitrosoproline followed by decarboxyla”

tion. Present evidehce suggests that nitrosoproline might be the precursor for
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They were able to measure nitrosop
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was present in the ppb (7-17) range. It should also be mentioned that this work

represents the first report of a non-volatile nitrosamine in a food product. Add
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of bacon led to the conclusion that the adipose tissue contains the nitrOSOPYrrO“

dine precursor,
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One would conclude a nitf

involvement of connective tissue in the formation of
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sopyrrolidine because of jts high content of proline and hydroxyproline. However:
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other products such as ham and cured shoulder do contain substantial quantities of
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a mystery but one which clearly must be resolved,
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try represented by the AMI, Four types of cured meat were examined. (1) cook?
'sausage ({rankfurtcrs); canned cured meat (hnm), bdcon and fermented sausage (thww
inger), The design specified preparation of the product under commercial Conditimﬁ
with a wide range of concentrations of nj trite foliowed by innoculation with Elﬁt/wu
botulinum, The research was conducted in an effort to answer the following qupstwﬂ$
(1) does nitrite at present levels reduce the risk of c. botulinum toxin formation%
(2) are detectable levels of nitrosamines formed when presently permitted nitrite
! Is e used, (3) can changes in permitted curing agents be made that would rcduw

‘ e e - . jor
uthors in which they fried separated lean and fat port _
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Protection is dependent upon bacterial innoculum level, (2) nitrite is effective

nting formation of botulinal toxin, (3) nitrate is essentially non-functional
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bol“]ana inhibitor, (4) residual nitrite decreases rapidly during meat proces-

ing .
9 ang continues to decrease with time, (5) the quantity of nitrite needed for

al protection also varies by product type.
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s interesting that at the presently permitted levels of nitrite, no nitro-
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95corbate might reduce the effectiveness of nitrite as a botulinal inhibitor.
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J‘L’ i
Ch A : g e % : =
decisions about the continued use of nitrite as a meat curing agent in the
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> calls for (1) elimination of nitrate in cooked sausage, bacon, canned, cured
by
“Stable and perishable meat products and pickle-cured products, (2) elimination
3

nil'raL(: i

n fermented sausage and dry cured primal cuts in 2 years unless research
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ACept bacon and cured primal cuts pending more research and (4) reduction of
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: Let ys now turn our attention to the paper entitled '"Reductive dechlorination
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the All Union Meat Research Institute, It presents a very interesting approach to
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The purpose of this paper then was to study the influence of heating and of heatind
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in the presence of nitrite on the metabolism of DDT, The results are set forth @

clearly and | would like to review them with you. First though | must say a word

about the reduction dechlorination of DDT to DDD. This is an established route of
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Moreover DDD does not accummulate in the organism to the same extent as does pDTe

DDT is known to be hi
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tem in muscle, they were able to show a marked conversion of DDT to DDD when meat ‘
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sion took place. he conversicn was slower if the fat content of the meat was
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nitrite inhibits completely the reductive dechlorination of DDT. The authors cO"

~Yuded that i1 yne expectes to Fayse 1 Fa AT dae? . . 3 0
cluded that IT one expects to detoxify DDT residues in meat by heating, such can’

be accomplished in the presence of nitrite,
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ked with our National Residue Monitoring Program in Washington D.C. to find
“3bout evels of DDT found in our meat supply. Our Environmental Protection A-
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eI™ has reduced the tolerance level from 7 ppm to 5 ppm. During the period of
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I 8ry to March, 1974 they sampled 266 beef carcasses. Thirty nine were negative,
had 0,01 - 0,03 ppm, 21 had 0.31 - 1,00

PpM, ppm, 3 had 1,01 - 1,50 ppm, 4 had 1.51 -

g
OPPM, 1 had 2.01 ppm and 1 had greater than 7.00 ppm. It is obvious that DDT

dues do persist even when the use of DDT is no longer allowed,
] That is all | have to say at this time about the 2 manuscripts. | compliment
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't is clear that nitrite added to. a meat for the purpose of curing is rapidly
Aside from the amount of nitrite bound to pigment, detectable as nitrosothiols

DT' | giv»

¢h off as a gas little is known concerning the fate of nitrite., Our own work
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'® University of Wisconsin and conducted by Dr. Sebranek and Miss Kubberdd has
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| ¥ Ditrite labeled with "“N, the'stable isopope of nitrogen, Initial experiments
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171"S were made to quantitatively recover all of the '’N by trapping gases evolved
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§ ¥ Processing and subsequently analyzing various fractions of the cured meat for
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n Total recoveries of 70-85% were realized, but in the course of that work we
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N increased during storage as “N in the residual nitrite declined.
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column and to our surprise most of the "’N was concentrated in a single peak. This Rl
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is illustrated in slide 1 which shows analysis of the fractions for total nitrogé® [i0
[
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and "“N. There was one large sharp peak of '”N at fraction 80 and a second much 't
smaller peak at fractions 109 and 111, The large peak represents 76% of the 15y in [
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the concentrate applied to the column, The actual percent of '°N of total N in th°

eak was approximately 5% indicatina that by i fat

e tS approximately 5>k indicating that the total fraction contained much =N )
additi ]C| - : . . ]5 te  [%n
aadition to "N from the nitrite, However, approximately 16% of the °N added of 5
ginally to the meat product in the form of sodium nitrite is accounted for in the B
one major peak, %0
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We are currently trying to learn more about the compounds contained in this pe

Optical density examination of the fractions is shown in slide 2 Since absLE |
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at 280 inm is taken as evidence for aromatic amino acid residues it is clear that wc;ﬁ
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peak at fraction 80 did not contain detectable nucieotides or aromatic amino acidse [N

The peak also gave a minimal reaction with ninhydrin indicating few if any free by
amino groups and it was negative to analysis for nitrite,

Preliminary attempts to determine molecular weight by comparing retention-timc ﬁ

oM.

of the unknown to retention time for known amino acids showed the contents of thepe?m

i

to be low molecular weight, in the vicinity of 130
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Both of the N containing peaks wer o : sEopes s A
calning peaks were tested for inhibition of CIOSELLQLHE

botulinum and were fourd to be negative.

| hope that the next time | see the members of this atudience I can telithEm
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the components contained in the PcaL. and that moreover the results will in Somc\

provide us with useful information about the fate of nitrite in cured meat.
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mentioned earlier the fact that nitrite ca . -
e ; the Tact that nitrite can react with sulfhydryl groups:

1as been discussed previoucly i letail ! A i 4 |
has been discussed previously in detail by Mirna and Hofmann (1969). We have o
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We found that t ! tton between nitrite and the sul fhydryl groups of the
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'S Strongly dependent upon the following conditions: (1) nitrite concentra-
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i (2) PH and (3) temperature, To summarize, we found that by applying high

‘ C
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e te Concentrations, low pH and high temperature it was possible to have all the

{ ““]fhydr

Y1 groups reacted within a few minutes.
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-Jr‘kjcl conditions more similar to those found in meat however the reaction
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"as much lower. Some results in this regard are shown in slide 3. In these
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‘Ments we had about 10 times as high nitrite concentration as would be found
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Y in a meat product. The pH was 5.0 which is at lower than the 5,5 -
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usually found in meat products, The system also underwent an incubation
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T .0 3 ; : : s e s 0 .
| hr at 100°C which is a strong heat treatment. In this system less than 10% of
» |th
e
¢ Sul fhyd . . . VL iy
‘'Nydryl groups reacted during the incubation.
! e 1oss of nitrite in these experiments was nearly equimolar to the sulfhydryl
Y Wha * . . K Siod e . : ¢
1 hen the samples were incubated under anaerobic conditions, We interpret these
I
o |
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s as an indication that the main reaction between nitrite and protein is with

th
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‘”fhydry1 groups, and nitrosothiols are possibly formed,

| The

‘ Presence of any nitrosothiols can be determined using the fact that they
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( Plit by heavy metal ions. Nitrite is reformed during the reaction and can be
pﬁﬁuu
| SlUra i ; : . S e oo,
; €d before and after splitting of the nitrosothiols with mecuric ions and the
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€nce between the two determinations taken as the nitrosothiols.
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¥ applying this method we found that 20% of the nitrite loss was bound as nitro-
Oth
o : . : :
Is, Nitrosothiols are known to be unstable compounds. It is therefore possible
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| '* The nitrosothiols may then be partly broken down during subsequent heat
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o AT, Nitrite itself is an oxidizing agent of intermediate strength and whether
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e k : g : , LTS >
'des or other oxidation products are formed from the breakdown of nitrosothiols
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groups in myosin in this model system was low under conditions similar to
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those found in a meat product. The sulfhydryl groups of the myosin fraction of 1
are therefore assumed to be responsible for only a small proportion of the total

nitrite lost in a cured meat product,
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