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EFFECT OF IRRADIATION ON ANTIBOTULINAL EFFICACY OF

NITRITE

üacek Szczawirïski, Malgorzata Szczawin9ka, Marcin Szulc

Department of Food Hygiene, Faculty of Veterinary Science,

Warsaw Agricultural University, Poland

INTRODUCTION

The results of our previously conducted research /23/ demon-

strated that irradiation with a dose of 3 or 6 kGy decreased

the probability of outgrowth and toxigenesis from C. botulinum

spores in cured meats containing 50, 100 and 156 me/kg added

nitrite. The main reason for that was probably reduction in

the number of spores and their sublethal damages caused by

ionizing radiation. However, irradiation might also exert ad-

vantageous or adverse effects on the cured meat as a growth me-

dium.

The data from the experiment conducted by Fiddler et al,

/2/ suggest that irradiation sterilization with Cobalt-BO

/30 kGy/ reduced residual nitrite in bacon prior to frying,

thereby reducing volatile nitrosamines after frying, and de-

stroyed preformed volatile nitrosamines, if present, in the

bacon prior to irradiation.

Because many research workers /I, 3, 4, 15, 22/ consider

the level of residual nitrite as a very important factor in

inhibition of C, botulinum in cured meats, it could be expe-

cted that irradiation may also decrease inhibition of botuli-

nal spores in such products. However, the level of residual

nitrite is also reduced by heat treatment /I, 3, 16, 17/ but

material or materials formed when nitrite is heated in some

bacterial media /Perigo factor/ or in shelf-stable canned me-

at /Perigo-type factor/ inhibit C, botulinum more than nitrite
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itself /A. 6, 15/.

The objectives of this study were: a/ to determine the

effect of irradiation on the level of residual nitrite in cu-

red meat; b/ to determine the probability of outgrowth and to-

xiganesis from C. botulinum spores in unirradiated and irradia-

ted samples of cured meat /inoculated with C botulinum spores

after irradiation/ during simulated temperature abuse.

MATERIALS AND METHODS

Preparation of meat

Samples of pork /m, longissimus dorsi/ were taken from

abattoirs 24 hours after slaughter. After separation of conne-

ctive tissue and fat, the muscles were aseptically ground

through a 4,0 mm grinder plate.

Addition of curing salts

Model system used in the experiments was similar to porU

slurry system described by Rhodes and Darvis /14/ and later

used in many research works conducted by Roberts et al. /16-19/,

Ground pork was subdivided into 2 g samples which were placed

in 13 x 100 mm test tubes and mixed with 2.5 cm*' of water con-

taining curing ingredients. The samples of meat used for ni-

trite determination /uninoculated/ were mixed with 3,0 cm^ of

brine.

The final concentrations of used curing ingredients are

given in Table 1. The concentration of added sodium nitrite in

meat sluries amounted respectively 0, 50, 100, 155 and 200
m9/kg whereas the concentrations of remaining ingredients /so-

dium ascorbate, polyphosphates, glucose and sodium chloride/

were the same in all samples of meat slurry.

After addition of curing salts the test tubes were pluged

and left overnight /18 hr/ at 4-6°C.

Heat treatment and irradiation

All samples of meat slurry were pasteurized in a water

bath for 30 min at 70°C, cooled in ice water and placed into

refrigerator /4-6°C/»
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Within 2 hours after heating the samples were irradiated

by Cobalt-60 gamma rays with doses of 0, 3« 6, 9, 10, 20, 30,

40 and 50 kGy at approx. 10°C, Dose rate amounted 35 Gy/min.

The Fricke dose meter was used for calibration /5/« High dose

irradiation /10-50 kGy/ was applied only to samples cured with

156 mg/kg NaN02«

Inoculation

The inoculum consisted of a mixed spore suspension of

equal numbers of C. botulinum type A: 188, 365« 1258, 1260;

type B: 219, 220, 336, 925; type E: 926, 1163, All strains

were obtained from the State Institute of Hygiene in Warsaw.

Test microorganisms sporulated On Wrzosek's Broth /10/ incuba-

ted at 37°C for 3 days and at 30°C for 14 days. Spores were

harvested by centrifugation, washed three times in sterile di-

stilled water and stored at 4°C as concentrated suspension.

Spore concentrations were determined by pour-plate procedure

using jVynne-EY agar /26/. After irradiation samples of meat

slurry were inoculated by addition into each test tube 1 x 10 ,
4 5 3

5 x 10 or 1 x 10 C. botulinum spores suspended in 0.5 cm of

sterile distilled water.

Inoculated samples were overpoured with Vaspar /60̂ ¿ vase-

line + 40J.J paraffin/ to obtain anaerobic conditions /7/, pla-

ced into incubator and stored at -30°C for 28 days.

Uninoculated samples prepared for nitrite determinations

were incubated under the same conditions.
Chemical analyses

Nitrite was determined by the official method for analysis

of meat products described in Polish Standard PÎJ-74/A-82114

/13/, Nitrite levels were assayed on uninoculated samples imme-

diately after radiation treatments.

Meat slurries subjected to medium dose irradiation /up to

9 UGy/ were tested additionally after 7, 14 and 28 days of in-

cubation at 30 C. Four samples per treatment group were esti-

mated.

Moisture, protein and fat content in ground meat used in

experiments were determined by the Polish Standard methods /9,
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11, 12/ and on the base of obtained results and known amounts

of curing ingredients added into the meat proximate chemical

composition of meat slurry /Tab« 1/ was calculated.

The pH of meat slurry was measured by using pH-meter LBS-66.
<

Orqanoleptic examination

During storage the test tubes were examined for spoilage

typical of the growth of C. botulinum. Spoilage was assessed

on the arbitrary scale /from 0 to 5/ used by Roberts et al. /16/,

however, only numbers of spoiled samples per treatment group

after 7, 14, 21 and 28 days of incubation at 30°C have been

shown in Tables 3, 4 and 6 to simplify the presentation of re-

sults«

Detection of C. botulinum toxin

After 28 days of storage at 30°C all test tubes were tes-

ted for the presence of toxin.

Each sample of meat slurry was centrifuged at 3000 rev/min

for 10 min and supernatants /0.5 cm0/ were injected intraperi-

toneally into 20-22 g mice.

Death of mouse within 4 days, accompanied by characteris-

tic symptoms of botulism was presumptive indication of the pre-

sence of botulinal toxin» When non-specific death of mice

oçcured, toxin assays were repeated with using additional mice

for neutralization test with polyvalent antitoxin /21/.

Calculations

Four samples per treatment group were used for determina-

tion of the level of residual nitrite. Means and standard de-

viation for each treatment group were calculated.

Ten samples per treatment group were used for detection

of C. botulinum toxin. The probability of a single C, botuli-

num spore giving rise to toxin production was calculated from

the equation given by Hauschild /A/ as;

P = (in n/qj /s

where n "« number of packages, q = number of ncntoxic packages,

and s * number of challenge spores per package.
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In addition to that, the values of log 1/P which is the

log number of C. botulinum spores required for one spore to

grow out and produce toxin« were calculated. According to Hau-

schild /4/ the estimated values of log 1/P are identical to

the "protection" /Pr/ values of Pivnick and Petrasovits /8/:

Pr = Da + In

where: Ds = log destruction and In = log inhibition of botuli-

nal spores.

RESULTS AND DISCUSSION

The results presented in Table 2 and Figure 2 demonstrate

that increasing irradiation doses /from 0 to 9 kGy/ slightly,

but systematically, decreased the initial levels of residual

nitrite in meat slurries cured with 50, 100, 156 and 200

ng/kg NaNO«. As a result of that, samples irradiated with a do-

se of 9 kGy contained immediately after irradiation treatment

approx. 25-34% less residual nitrite than unirradiated ones.

The initial differences in residual nitrite, related to

different input levels or caused by irradiation, decreased du-

ring storage at 30°C /Table 2, Figure 3/.

The graphs presented in Figure 3 show that all nitrite de-

pletion curves level off at approximately 4-5 ntg/kg of nitrite

after 28 days of incubation« The same leveling off point was

reached regardless of the input nitrite level and irradiation

dose.

The nitrite depletion curves observed in this experiment

are very similar to those obtained by Christiansen /I/ for two

input levels of nitrite, 50 and 156 mg/kg, in samples unirradia-

ted, canned ham incubated at 27°C, According to that author,

the botulinal spores germinate readily in the presence of nit-

rite within the first few days of incubation; however, their

outgrowth is inhibited as long as there is sufficient level of

residual nitrite. Under these conditions, germinated spores

start to die. Therefore, the extent of C, botulinum inhibition

is the result of race between nitrite depletion and death of

germinated spores« When residual nitrite decreases to a certain
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point the survived spores may grow out and produce botulinal

toxin. The area under the curve of n i t r i te depletion between

0 and 14 days of incubation seems to be c r i t i ca l to n i t r i te in -

hibition / I / .

The obtained results /Figure 3/ demonstrate that area un-

der this part of curves was reduced greatly by reducing the

input level of n i t r i te and less so by increasing doses of io-

nizing radiation.

The results presented; in Table 3 and 4 allow to estimate

whether decrease in residual n i t r i te caused by medium dose irra-

diation affects probability of outgrowth and toxigenesis from

C. botulinum spores in temperature abused meat slurries inocu-
4 4

lated respectively with 1 x 10 and 5 x 10 spores per sample.

The results show that irradiation up to 2 !«Gy did not

change perceptibly inhibition of C. botulinum in samples con-

taining 100, 156, and 200 mg/kg of added n i t r i t e /Table© 3

and 4 / , However, the probability of botulinal toxin formation

increased after irradiation in samples cured with 50 mg/kg and

inoculated with 1 x 10 spores /Table 3/. As a result of that,

protection against C. botulinum /log 1/P/ decreased in those

samples after irradiation with 3 and 6 UGy respectively by

0.12 and>0,4 log unit /Table 3/.

I t is d i f f i cu l t to determine whether such decrease in

inhibition of C. botulinum may have any importance from the

practical viewpoint. The more so as most research workers con-

sider the concentration of 50 mg/kg added n i t r i te as being ne-

cessary only for characteristic colour and flavour of cured

meats but insufficient for C. botulinum inhibition in products

with moderate brine concentration / I , 3, 4 t 15-19, 22/. Also

.in presently reported experiment with higher inoculum level

/5 x 10 spores per sample/ addition of 50 mg/kg n i t r i te into

the meat did not exert noticeable influence on C. botulinum,

and a l l samples spoiled and contained toxin after incubation

irrespectively of irradiation dose, similarly to samples with-

out added n i t r i te /Table 4/ .

As shown in Table 5 and Figure 4, high dose irradiation

caused a considerable reduction of residual n i t r i te in samples

cured with 156 mg/kg NaN02# As a result of this reduction.
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proportional to dose of ionizing radiation, samples irradiated

with 50 kGy contained almost 90% less detectable nitrite than

unirradiated ones«

The results in Table 6 show that high dose irradiation

also apparently decreased inhibition of C, botulinum in tem-

perature abused samples of cured meat.

In unirradiated meat sluries, cured with 156 mg/kg NaNCU

and inoculated with 1 x 10 spores per sample, spoilage and to-

xin formation occured only in two out of 10 test tubes /Table

6/, In samples irradiated with 20 kGy probability of botulinal

toxin production increased by 1 log unit compare to unirradia-

ted control. After irradiation with 30 kGy antibotulinal acti-

vity of nitrite disappeared and all samples in this treatment

group spoiled within the first week of storage and contained

toxin after 28 days of incubation similarly to unirradiated

samples without added nitrite. Protection against C, botuli-

num /log 1/P/ in samples irradiated with 30 kGy was above 1

log cycle lower than that one found for unirrodiated samples

cured with the same level of nitrite /Table 6/#

The obtained results seem to indicate that radappertiza-

tion of cured meats containing 155 mg/kg of added nitrite /le-

vel currently used for typical cured ham in Poland/would cause

lowering of residual nitrite to the level insufficient for in-

hibition of C. botulinum.

On the other hand, it seems to be improbable that C. bo-

tulinum spores could survive 12 0 doses /2S-44 kGy/ used for

radappertxzation of meat /20f 25/, Therefore, radappertized

products are safe from C. botulinum as long as they are pro-

perly protected against recontamination by packaging material.

However, after opening or accidental perforation of package

and recontamination with C. botulinum spores, radappertized

cured meats may be better culture medium for this microorga-

nism than cured moats preserved by heat treatment,

Wierbicki /24, 25/ demonstrated that irradiation sterili-

zation of cured meats allows complete elimination or a drastic

reduction of incoming nitrite to the levels needed only for

characteristic colour and flavour of the iteras while providing

protection against C, botulinum by irradiation. The presently
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usage of higher levels of nitrite for curing of meats which

are to be subjected to high dose irradiation is aimless and

does not ensure an increase in inhibition of C. botulinum in

radappertized products.

CONCLUSIONS

1. Irradiation of meat slurries, containing 50, 100, 156

and 200 mg/kg added nitrite, with dose3 up to 9 kGy slightly

reduced the level of residual nitrite determined immediately

after irradiation« The initial differences between unirradia-

ted and irradiated samples gradually decreased during incuba»

tion at 30°C.

2. Medium dose irradiation /up to 9 kGy/ slightly increa-

sed the probability of outgrowth and toxigenesis from C. botu-

linum spores in samples cured with 50 mg/kg NaNO- and inocula-

ted with 1 x 10 spores, but did not change the probability of

botulinal toxin formation in temperature abused meat slurries

containing 100, 156 and 200 mg/kg added nitrite and inoculated
A A

with 1 x 10 or 5 x 10 spores after irradiation.

3. High dose irradiation /10-50 kGy/ caused a considera-

ble reduction of residual nitrite, proportional to dose of io-

nizing radiation, in samples of meat slurry containing 156

mg/kg added NaNO«.

A, Irradiation of meat slurries, containing 156 mg/kg

added nitrite, with doses increasing from 10 to 50 kGy distin-

cly increased the probability of outgrowth and toxigenesis

from C. botulinum spores in temperature abused samples inocu-

lated with 1 x 10 spores after irradiation treatment. After

20 kGy the probability of botulinal toxin formation increased

by 1 log unit compared to unirradiated samples with the sama

level of added nitrite.

After irradiation with 30, 40 and 50 kGy, inhibitory

effect of nitrite on C. botulinum was not found.
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Table li Composition of meat slurry used in the experiments

Protein /%/

Fat /%/

H20 /%/

Added curing ingredients

NaNO2 /mg/kg/

Sodium ascorbate /mg/kg/

Polyphosphates /%/

Glucose /%/

NaCl /%/

Brine /% NaCl in water phase/

pH /after curing/

9.6

1.9

81.2

0, 50, 100, 156, 200

406

0.42

1.61

3.30

3.9

6.0



Table 2. Effect of medium dose irradiation and storage time

at 30°C on the level of residual nitr i te /n = 4/

Nitr i te I r radia- ___ __.,_ táÍ£E£le_í!Sl££lS£LZ!2aZ!!íaZ-_.
added t ion dose """ —""" """ "*"" ""*"
/rag/kg/ /UGy/ 0 days 7 days 14 days 28 days

50 0 42.1*2.2 13.4*2.4 7.8*0.6 3.6*0.2

50 3 36B0*1.4 12.6*1.0 8.6^0.4 4.7^0.4

50 6 31,2-1.1 11.3¿0,6 6.9¿0.8 4.2Í0.3

50 9 28.0Í0.8 9.4Í1,1 7.4¿0.4 4.0Í0.4

100 0 61.0Í0.9 18.5^1.4 8.8^0.6 3,7Í0.2

100 3 55.2¿l,0 15.3¿2.3 8.4¿0.7 3.7Í0.4

100 6 52.4Í1¿3 12.1-0.5 7.6^0.6 3.BÍ0.3

100 9 46.Oil.3 10.0Í0.8 7.8Í0.4 3.7Í0.3

156 O 134.2*4.8 26.0±1.2 12.6¿0,3 4.3*0.1

156 3 108.6*4.3 21.8*2.0 11.1*0.4 5.5*0.6

156 6 100.8*4.5 20.8*1.0 11.6*0.4 5.0*0,4

156 9 93,2*1.3 19.0*2.3 10.2*0.5 5,3*0.4

200 0 172.5*7.1 41.0*3,3 14,3*0.9 4.4*0.3

200 3 156.5*7.1 36.1*1.7 15,1*0.7 4.0*0.5

200 6 136.2*4.1 27.2*0.6 12.8*0.3 4.8*0.3

200 9 117.0*6.2 24,2*1.9 11,1*0.3 5.4*0.6

•TT



Table 3. Effect of medium doae irradiación on anriborulinal efficacy of nitrite /samples inoculated with 1 x 10 C. botullnum

spores after irradiation and incubated 28 days at 3O°C/

Nitrite Irradia- No. of agoiled saragles^taral no. of sangles Toxic/total ' b

added tion doae ' " " ' no, of samples P Log 1/P

¿IBa¿ka¿ ¿kGjí¿ ? dayS 14 dayS 21 dayS 28 day3 af«*«" 28 days

0 0 10/10 10/10 10/10 10/10 10/10 >2.3 x 10"4 -=C3.64

0 3 10/10 10/10 10/10 10/10 10/10 >-2.3 x 10"4 <3.64

O 6 10/10 10/10 10/10 10/10 10/10 >• 2.3 x 10"4 -<3.64

O O 1O/1O 10/10 10/10 10/10 10/10 >2.3 x 10"4 -<3.64

50 0 -4/10 6/10 6/10 6/10 6/10 9.2 X 10"5 4.04

50 3 ' 4/10 7/10 7/10 7/10 7/10 1.2 x 10"4 ' 3.92

50 6 1O/1O 10/10 10/10 10/10 10/10 > 2.3 x 10"4 . <3.64

50 9 10/10 10/10 10/10 . 10/10 10/10 > 2.3 x 10"4 <3.64

100 Q - 1/10 2/10 2/10 2/10 2/10 2.2 x 1O"5 4.66

100 3 • 3/10 3/10 3/10 3/10 2/1O 2.2 x 10"5 4.66
loo e l/io i/io via i/io 1/10 1.1 x io"5 4.96

100 9 2/10 3/10 - 3/10 3/10 • 2/10 2.2 x 10"5 4,66

156 0 0/10 0/10 0/10 0/10 O/IO <1.1 x 10"5 >4.96

156 3 0/10 0/10 0/10 0/10 0/10 < 1.1 x 10"5 >4.96

156 6 O/IO 0/10 0/10 0/10 0/10 < 1.1 x 10"5 >-4.96

• 156 • 9 O/IO 0/10 0/10 0/10 0/10 < 1.1 x 10"5 =s-4.96

200 0 O/IO 0/10 0/10 0/10 0/1Q , < 1.1 x 10"5 >4.96
2OO 3 0/10 0/10 0/10 0/10 O/IO < 1.1 x 10"5 >4.96

200 6 0/10 0/10 0/1Q 0/10 0/10 < 1.1 x io"5- >4.96

200 9 0/10 0/10 0/10 0/10 0/10 <1.1 ii 10"5 >-4.96

Probability of a single spore giving rise to toxin production

No. of spores required for one sporo to grow out and producá taxin



Table 4, fiffect of nediun dose Irradiation on ahtibotulinal efficacy of nitrite /samples inoculated with 5 x 10 C. botulinum

spores after irradiation and incubated 28 days at 30°C/ " ' !r

Nitrite
added
/nçj/kg/

0

0

0

0

50

50

50

50 . -

100

100

100

100

155

156

156

Ï56 *

200

200

200

200

Irradia- _*._íí2*_2í_8E2i1Sd_Eai2B¿S3tí£2ía1-i2S*-á. 2§2E¿S§
* tion dose

AGy/ 7 days J4 days 21 days 28 days

0

3
6

9

O
3

6

9

, o
3
6
S

0

3

6

9

0

3

6

' 9

10/10

10/10

10/10

1O/1O

10/10
10/10
10/10

10/10
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4/10
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O/1O
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o/io • '

0/10

> 4.6 x 10'5

> 4.6 x 10"5

..>• 4.G x 10"5

> 4.6 x 10"5

|> 4.6 x 10"5

;> 4.6 X 10"5

:>-4.6 x 10"5

'> 4.6 x ?.O"5

1.8 y. 10"5

1.4 x 10"5

1.0 x 10r5

• 1.4 x 10"5

,< 2.1 x io~6

< 2.1 x 10"6

< 2.1 x 10"6

< 2.1 x 10*"6

< 2.1 x 10~5

< 2.1 x 10~6

• < 2.1 x. 10"6

< : 2.1 x io~B

Log 1/Pb

-¿S4.34

•<CAmZA

-Ü4.34
-CT4.34

•<:4.34
•<4-34

• -<4.34
•<4.34

4.74

4.85
5.00

4.85

1 >.5.68

;>5.6B

>• 5.68

>• 5.68

>5.68
r>"5.68

^> 5.68
> 5.68

aProbabolity of a single spore giving rise to toxin production

No. of spores required for one spore to grow out and produce toxin



Table 5. Effect of high dose irradiation on the level of

residual nitrite /n « 4/

Irradiation Nitrite /mg/kg/
dose »»————««.-•.—-•.«.——«•«••.———

/kGy/ Added Detected

0 156 120.3 * 11,3

10 156 83.1 - 4.2

20 156 61.2 - 3.8

30 156 37.5 - 1.9

40 156 25.2 ¿ 1.8

50 156 12.5 * 2.9



Table 6, Effect of high dose irradiation on antibotulinal efficacy of nitrite /samples inocula-

ted with 1 x 10 G. botulinum spores after irradiation and incubated 28 days at 30°C/

Irradia« Nitrite No. of spoiled samples/total no, of samples Toxic/total
tion dose added " " no. of samples Pa Log 1/P

/KGy/ /mg/kg/ 7 d a Y s 1 4 d aY s 2 1 d aY 3 2 8 d ay s after 28 days

O O 10/10 10/10 10/10 10/10 10/10 > 2 . 3 X 10"5 <C4.64

0 156 0/10 2/10 2/10 2/10 2/10 2,2 x 10"5 5,66

10 156 2/10 3/10 3/10 3/10 3/10 3,6 x 10"6 5.44

20- 156 9/10 9/10 10/10 10/10 9/10 2.3 x 10"5 .4.64

30 156 10/10 10/10 10/10 10/10 10/10 >2.3 X 10"5 <4.64

40 156 10/10 10/10 10/10 10/10 10/10 >2.3 x 10"5 <;4.64

50 l 156 10/10 10/10 10/10 10/10 10/10 Z>2.3 x 10"5

Probability of a single spore giving rise to toxin production

3No, of spores required for one spore to grow out and produce toxin



'FIG...1. ESPERIMENTAL DESIGN

MEAT PREPARATION

/M, longossimus dorsi/

X
CURING

/O, 50, 100, 156, 200 mg/kg NaNO,/

PASTEURIZATION

/70°C for 30 min/

1
/O, 3

/c

IRRADIATION

, 6, 9, 10, 20, 30, 40, 50 kGy/

INOCULATION

botulinum spores type A,BtE/

>
STORAGE OF SAMPLES

/30°C for 28 days/
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EFFECT OF IRRADIATION OH ANTIBOTULINAL EFFICACY OF

NITRITE

Oacek Szczáwiñaki, Malgorzata Szczawinska, lia re in Szulc

Department of Food Hygiene« Facu l t y of Ve te r ina ry Science,
Warsaw A g r i c u l t u r a l U n i v e r s i t y , Poland
RC No, 3732/Ri/RB; 1 October 1985 - 30 September 1986

SUMMRY

The resu l t s of our p rev ious ly conducted research demonstra-
ted that i r r a d i a t i o n wi th a dose of 3 or 6 kGy decreases the
p r o b a b i l i t y of outgrowth and tox igenesis from C. botulinum spo-
res i n cured meats conta in ing 50, 100, 156 mg/kg NaN02# The
main reason f o r tha t i s probably reduct ion i n the number of
spores and t h e i r sub le tha l damages caused by ion i z ing r a d i a -
t i o n . However, i r r a d i a t i o n may a lso exert advantageous or ad-
verse e f fec ts on the cured meat as a growth medium.

Our present ly reported i nves t i ga t i ons aimed at emplaning
whether irradiation affects antibotulinal efficacy of n i t r i t e .

The samples of pork were cured with addition of 0, 50, 100,
156 and 200 mg/kg UaNOg, pasteurized and irradiated with 0, 3,
6, 9, 10, 20, 30, 40 and 50 kGy. After irradiation the samples
were inoculated with a mixture of C. botulinum type A, 8 and E
spores, incubated at 30°C for 28 days and tested for the pre-
sence of botulinal toxin. The residual n i t r i te ivas determined
immediately after irradiation and after 7, 14 and 28 days of
storage.

The obtained results demonstrated that the lovel of n i t r i -
te detected directly after irradiation is inversely proportio-
nal to irradiation dose,

Medium dose irradiation /up to 9 kGy/ exerted very slight
effect on antibotulinal efficacy of n i t r i te ; however, high do-
se irradiation /above 10 kGy/ considerably decreased both the
level of residual ni t r i te and inhibition of C, botulinum in
cured meat.


