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r6s; > aQ(j °  i n t e n t i o n a l  a d d i t i v e ,  imparts d e s i r a b l e  f l a v o r ,  c o l o r ,  and t e x t u r e  c h a r a c t e r i s t i c s  to  meat prod- 
(Spi?Ual  nRrovides p r o t e c t i o n  a g a i n s t  p athogen ic  microorganisms, e s p e c i a l l y  C lo str id iu m  botulinum . In bacon, 
Va y*) andltrite aPPears to  r e a c t  w ith  n a t u r a l  meat components during f r y i n g  to  form N - n it r o s o p y r r o l id in e  

Q i ’ to a l e s s e r  e x t e n t ,  N -nitrosodim ethylam ine (NDMA). United S t a t e s  bacon m anufacturers have t r i e d  a 
h4se arid a b o r r e c t i v e  procedures in  an e f f o r t  to  comply w ith  F ed era l  r e g u la t io n s  t h a t  have s e t  a 10 ppb v i o l a -  
iea *>ecome '  P? b a c t i o n  l e v e l  f o r  n itro sam in es  (NAs) in  f r i e d  bacon. The re d u ct io n  or e l im in a t io n  o f  n i t r i t e  

lC (Newt3 raaj ° r  i s s u e ,  p a r t i c u l a r l y  in  l i g h t  o f  the study th a t  im p lica te d  n i t r i t e  i t s e l f  as be in g c a rc in o -  
s w°erne , 1979).
|N ie s

_ l g ?h?wn t h a t  -■  botulinum spores are  destro yed  by i r r a d i a t i o n  a t  s t e r i l i z a t i o n  doses ( A n e l l i s  and 
>»aj ed. ’ p th u s ,  the  need f o r  n i t r i t e  to  c o n tr o l  growth and t o x i n  form ation  i s  e l im in a te d  or g r e a t l y
k,Co°( drawi>°r , bacon> tbe  i r r a d i a t i ° n s t e r i l i z i n g  dose i s  between 2.0 and 2.87 Mrad ( A n e l l i s  e t  a l . ,  1965). The 

3 did 3Ck to  the use o f  i r r a d i a t i o n  i s  t h a t  the p ro cess  has not been approved f o r  use by FDA. I r r a d i a t e d  
Scts i  Receive FDA approval in  1963, but t h i s  was resc ind ed  in  1968, d e s p i t e  the  l a c k  o f  adverse  h e a l t h  

lo tmited animal fe e d in g  s t u d ie s  (GAO, 1978).

USDA, E asternkan 0llal  j ^ SUPts ° 1  c o l l a b o r a t i v e  s t u d ie s  between the  U.S. Army N a tick  L a b o ra to r ie s  and the x,aoucxi,
corr^ef rcb Center have i n d ic a t e d  th a t  i r r a d i a t i o n  s t e r i l i z e d  (R a d a p p e rt iza t io n )  l o w - n i t r i t e - c o n t a i n i n g

iVa^ 0|a t i o ed bee f  can be prepared w ith ou t confirm able  l e v e l s  o f  v o l a t i l e  NAs. This  in fo rm atio n ,  p lu s  l im it e d
n o" — - • - ' ....................
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abl e n P r e - f r i e d  ( p a r t l y  f r i e d )  bacon, to g e th e r  w ith  sen so ry  and o th e r  chemical d a ta ,  have been made 
\  y in  p u b l i c a t i o n s  o f  l im it e d  d i s t r i b u t i o n  (W ierb ick i  e t  a l . ,  1974, 1976; W ie r b ic k i ,  1979).
*»■> ftesg,

detain,. * ---------  —   ... —  .— — „ -— — - -- ^.. — , v.., ...... . ,^ L ..u j_ui.uiai.xuu .
ine whether a low n i t r i t e - N A  f r e e  bacon can be developed. The r e s u l t s  are  rep o rted  h e re in .

to a-- b Study  was conducted to  determine the e f f e c t  o f  i r r a d i a t i o n  s t e r i l i z a t i o n  on NA form ation in  bacon

itu MENTi'al

f t ®ezeCr ed Pa i r s  o f  pork b e l l i e s  were purchased from a l o c a l  s u p p l i e r  w ith in  1 day o f  s la u g h t e r  and s to red  
lts 6s a t  “ 18°C u n t i l  needed. P r i o r  to  u se , the  b e l l i e s  were thawed f o r  1 week in  a c o o l e r  a t  1°C. TV,»„ les a t  _18°C u n t i l  needed.s
S > s<H * t

We, . ca t  i n t 0  t h i r d s  ( b r i s k e t ,  c e n t e r ,  and f la n k )  and each s e c t i o n  was pumped to  approxim ately  1 0 % o f  
(j; to  a ch iev e  t a r g e t  l e v e l s  o f  1.5% sodium c h l o r i d e ,  0.75% su ga r ,  0.3% sodium t r ip o ly p h o s p h a te ,

S  »tom
1 0 C ^  a s c o rb a t e ,  and 0 , 2 0 , or 1 2 0  ppm sodium n i t r i t e

, jtieifk iCes smokehouse, p la ce d  in  p o ly e t h y le n e  bags, s to r e d  a t  1°C f o r  18 h r ,  and s l i c e d ,  and 10 re p re se n ta  
r ° m e ach s e c t i o n  were packed in  202 x 404 mm metal cans. These samples were shipped in  a con-

fo r  18 h r .
The pumped b e l l i e s  were s to r e d  in  p o ly e th y le n e  

then p ro cessed  in  a smokehouse (Pensabene e t  a l . ,  1979). The bacon s e c t io n s  were re -

3»c «oU:
f»t rcebgerated w ith  co ld  packs to  the  U.S. Army N a tick  L abo ra to ry . The samples were i r r a d i a t e d  w ith  a

4g hr 'li t b  8 - 0  l*rad a t  -40 ± 5°C, then returned to  ERRC in  a fro z e n  s t a t e .  The samples were thawed a t
P r i o r  to  be in g analyzed  f o r  r e s i d u a l  n i t r i t e  and n itro sa m in es .

and Frying

Pte s t o nTentS eacb can, minus a 1 0  g sample f o r  r e s i d u a l  n i t r i t e  dete rm in a tio n ,  were f r i e d  in  a p re -  
erii b l e e f l o n  coated e l e c t r i c  f r y i n g  pan f o r  6  min a t  a c a l i b r a t e d  temperature o f  177°C (350°F). The

^Anali s i s

^ t 0 P ° r t io n  was r e t a in e d  f o r  n itrosam in e  a n a l y s i s

S cATi °n

It;
.,t o f  the procedure d e sc r ib e d  by Fine e t  a l .  (1975) was employed f o r  NA a n a l y s i s .  A 25 g ground 
m ^ yian ,i™ P l ®, to  which was added 1 ml o f  a dichloromethane (DCM) s o l u t i o n  c o n ta in in g  0.25 pg N -n itro s o -  

H (NMEA) and 0.25 pg N-nitrosohexamethyleneimine(NHMI) as i n t e r n a l  stan d a rd s ,  was p lace d  in  a 
t i ^ te a(j ê t̂ i o n  f l a s k  equipped w ith  a thermometer w e l l .  T w e n ty - f iv e  ml o f  m ineral o i l  and 2 ml o f  0.2Nsquipped w ith  a thermometer w e l l .  Twenty-

and the  sample was d i s t i l l e d  under vacuum (0.5 mm) u n t i l  the temperature reached 140°C. The
*  ̂ fu ° * l e c t e d  in  a g l a s s  t ra p  immersed in  l i q u i d  n i tr o g e n ,  was q u a n t i t a t i v e l y  t r a n s f e r r e d  to  a 125 ml
il ned Dp8 1  3nd e x t r a c t e d  w i t h 15 ml DCM. The tra p  washing and e x t r a c t i o n  s tep s  were repeated tw ice  and

')h6tria't>an■ ”  e x t r a c t s  were d r ie d  by passage through anhydrous sodium s u l f a t e  and con cen trated  to  1 . 0  ml in
\ b ’Qa 1 _ 3lln o ro tiir. TV, n vn f  a* nno n i lm l a f i 1 o n i f  vnc omi noc up ro Hof o r-m-i noH n 1 1 a n f  i f  a t i \ro 1 \r V\it) rn,a l  if n ap p a ra tu s .  The co n ce n tra t io n s  o f  v o l a t i l e  n itro sam in es  were determined q u a n t i t a t i v e l y  by
'• x.. '■Oertn, i , _____ . .... . . . .  _ , , . ____,____The e r ®l' A n a ly ze r  (TEA) under co n d it io n s  s i m i l a r  to  those  rep o rted  elsew here  (Pensabene e t  a l . ,  in  

Theraitl m̂um l e v e l  o f  r e l i a b l e  measurement was determined to  be 0.5 ppb nitrosam ine based on TEA 
x ?lean re co v e ry  v a lu e s  f o r  the i n t e r n a l  standards obtain ed  from a l l  o f  the  samples analyzed were 

° d 9 3% f o r  NHMI.
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Sodium Nitrite

RESIDUAL sodium n i t r i t e  con ten t  was determined in  10 g o f  bacon by the  G rie ss-S altzm an  procedure m odifi6  ̂
F id d le r  ( 1 9 7 7 ) .

W

RESULTS AND DISCUSSION

THE EFFECTS o f  i r r a d i a t i o n  on r e s i d u a l  n i t r i t e  and NA form ation  in  f r i e d  bacon cured w ith  sodium n i t r i t e  a ^  
cu r re n t  l e g a l  l e v e l  o f  120 ppm are  shown in  Table  1 .  O n e - t a i le d  p a ir e d  t - t e s t s  were performed on the meas^ s, 
n itrosam in e  and r e s i d u a l  n i t r i t e  v a lu e s  in  the matched b e l l y  p a i r s  (Snedecor and Cochran, 1974). The sta ij 
t i c a l  a n a l y s i s  i s  shown in  Table  2. Because o f  the combination o f  low co n ce n tra t io n s  o f  NAs measured and ŝ 3l 
v a r ia n c e ,  p < 0.01 was desig n a ted  as the l e v e l  o f  s i g n i f i c a n c e .  The 18 b e l l y  s e c t i o n  p a i r s  had a mean r e S 1  ej. 
n i t r i t e  co n c e n tra t io n  o f  1 2  ppm b e fo r e  be in g i r r a d i a t e d  but a mean o f  o n ly  0 . 1 1  ppm a f t e r  b e in g  radapper 
This  d i f f e r e n c e  was s t a t i s t i c a l l y  s i g n i f i c a n t  a t  the  p < 0.01 co n fid e n ce  l e v e l .  L ev e ls  o f  NDMA in  the 
e d i b l e  p o r t io n  o f  bacon were dim inished s i g n i f i c a n t l y  from 2.89 to  0.83 ppb a f t e r  i r r a d i a t i o n ;  l i k e w i s e >^g- 
c o n c e n tra t io n  o f  NPYR, the NA o f  primary concern, was reduced from 9.28 to  3.39 ppb (p < 0 .0 1 ) .  Sim ilar 
n i f i c a n t  re d u ct io n s  o f  NDMA and NPYR were noted in  the  cooked-out d r ip p in g s .  These data show t h a t  i r r a d i 3^ ,  
d e str o y s  r e s i d u a l  n i t r i t e  and, as a d i r e c t  r e s u l t ,  l e s s  n i t r o s a t i o n  o f  p re c u rs o r  amine o c c u r s .  A high c° ^  
l a t i o n  between r e s i d u a l  n i t r i t e  and n itro sam in e  form ation  in  f r i e d  bacon has been noted p r e v i o u s l y  (G°u* 
W a lters ,  1976; Pensabene e t  a l . ,  1979).

The second s e r i e s  o f  experiments was designed to  determine the e f f e c t  o f  in go in g  n i t r i t e  co n cen tra tio n  in°«aCtl 
s id u a l  n i t r i t e  l e v e l s  and form ation o f  NAs in  i r r a d i a t e d  bacon (Table  3 ) .  Three comparisons were made i

r«'

o f  the t h r e e  experim ents:  0 vs  20 ppm, 0 vs 120 ppm, and 20 vs  120 ppm NaNO .̂ The s t a t i s t i c a l  ana 
p resen ted  in  Table  4.

lysiS

0  vs 20 ppm NaNO^

RESIDUAL n i t r i t e  was not d e te c te d  in  the n i t r i t e - f r e e  i r r a d i a t e d  bacon, whereas in  bacon cured with 20 £
NaN0„ o n ly  4 o f  18 samples e x h ib it e d  d e t e c t a b l e  r e s i d u a l  n i t r i t e  (mean c o n c e n t r a t io n ,  0.22 ppm),

0 or 20 ppm NaN0o . No d e t e c t a b l e  NPYR was found in  the f r i e d  e d i b l e  p o r t io n  o f  n i t r i t e - f r e e  bacon. Two
fe r e n ce  was not s t a t i s t i c a l l y  s i g n i f i c a n t .  There was no d e t e c t a b l e  NDMA in  f r i e d  bacon cured with

bacon samples prepared w ith  20 ppm NaNO e x h ib it e d  d e t e c t a b l e  l e v e l s  o f  NPYR. The mean v a lu e  of  
samples, 0 . 1 1  ppb, was not s i g n i f i c a n t l y  d i f f e r e n t  from z e r o .

the

20 vs  120 ppm NaNO

MEAN r e s i d u a l  n i t r i t e  c o n c e n tra t io n s  o f  0.56 and 6.44 ppm, r e s p e c t i v e l y ,  were not s i g n i f i c a n t l y  d i f f e t e 0^  
NDMA was d e te c te d  in  the e d i b le  f r i e d  bacon prepared w ith  20 ppm NaNO , and a mean o f  0.44 ppb NDMA °(0-^ 
120 ppm NaNO  ̂ samples was not s i g n i f i c a n t  a t  the  p < 0.01 l e v e l .  The mean d i f f e r e n c e  o f  2.00 ppb 
ppb a t  20 ppm NaNO  ̂ and 2 . 1 1  ppb in  bacon w ith  120 ppm NaNO^) was s i g n i f i c a n t .

0 vs  120 ppm NaNO

RESULTS from t h i s  treatm ent group fo l lo w ed  a p a t t e r n  s i m i l a r  to  t h a t  o f  the p re v io u s  group w ith  20 afld
NaNO  ̂ bacon. Mean r e s i d u a l  NaNO l e v e l s  were not s i g n i f i c a n t l y  d i f f e r e n t  ( 5 . 1 1  ppm), w h ile  the NA v a l û  
a f f e c t e d  by the in go in g  n i t r i t e  co n c e n tra t io n .  The d i f f e r e n c e  o f  <1 ppb NDMA (0 vs  0.89 ppb) in 
bacon was not s i g n i f i c a n t ;  however, a d i f f e r e n c e  o f  2.33 ppb NPYR (0 vs  2 .3 3 ) was s i g n i f i c a n t .  The N 
f o r  the cooked-out d r ip p in g s  showed g r e a t e r  d i f f e r e n c e s  and g e n e r a l l y  p a r a l l e l e d  the  f r i e d  bacon data 
as s i g n i f i c a n c e  was concerned.

From the  above r e s u l t s ,  i t  i s  concluded th a t  r a d a p p e r t iz a t io n  w ith  Co  ̂ u t i l i z i n g  3.0 Mrad a t  
r e s i d u a l  n i t r i t e  in  bacon p r i o r  to  be in g f r i e d .  The lower n itrosam in e  co n c e n tra t io n  a f t e r  f r y i n g  
w ith  t h i s  re d u ct io n  in  n i t r i t e .  I r r a d i a t e d  bacon prepared w ith  an in go in g  l e v e l  o f  20 ppm NaN0 2  u ŝbâ |, 
l i t t l e  or no r e s i d u a l  n i t r i t e  and, a f t e r  i t  i s  f r i e d ,  c o n c e n tra t io n s  o f  the  n itro sa m in es  are  i n d i s t i n g ^  ^  
from n i t r i t e - f r e e  bacon. The fa v o r a b le  sen so ry  and q u a l i t y  c h a r a c t e r i s t i c s  o f  i r r a d i a t e d  bacon , C 0> C 
20 ppm NaNO  ̂ (W ierb ic k i  and Heiligman, 1980) shows promise f o r  f u t u r e  consumer accep tan ce  o f  t h is  P

NOTE: R eferen ce  to  brand or f irm  name does not c o n s t i t u t e  endorsement by the  U.S. Department o f  Agrl
over  o th ers  o f  a s i m i l a r  nature  not mentioned.

Caution should be e x e r c i s e d  in  h an dling  n itro sa m in es  s in c e  th ey  are  p o t e n t i a l  ca rc in o g e n s .
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TABLE 1.  NITRITE AND NITROSAMINES IN IRRADIATED AND NON-IRRADIATED BACON

a lly

F rie d  E d ib le  P o rt io n
Residua] NaN0_

(ppm) NDMA (ppb) NPYR
Side S e c t io n Treatment Exp. 1 Exp. 2 Exp. 1 Exp. 2 Exp. 1 Exp. 2

r i g h t b r i s k e t None 7 5 2 2 7 6
l e f t I r r a d . n. d .* 1 n.d 1 2 3

r i g h t ce n te r None 2 3 2 3 7 1 0
l e f t I r ra d . n .d . n .d . n .d . 1 4 4

r i g h t f la n k None 2 2 13 i 1 8 6
l e f t I r r a d . n .d . n .d . i 1 2 3

r i g h t b r i s k e t None 2 2 2 0 2 6 1 2 15
l e f t Ir ra d . n .d . n .d . 1 2 3 5

r i g h t c e n te r None 14 18 7 4 7 13
l e f t I r r a d . n .d . n .d . n .d . 1 3 4

r i g h t f la n k None 1 2 13 2 5 9 13
l e f t I r r a d . n .d . n .d . n .d . 1 4 2

r i g h t b r i s k e t None 18 5 3 2 14 7
l e f t Ir ra d . n,d . n .d . 2 n .d . 8 3

r i g h t c e n te r None 18 6 3 2 1 0 9
l e f t I r r a d . n .d . 1 1 1 4 3

r i g h t f la n k None 14 4 3 2 8 6
l e f t I r r a d . n .d . n.d. 1 1 2 2

Q-d. _ none d e te c t e d .

TABLE 2. EFFECTS OF IRRADIATION ON NITRITE AID NITROSAMINE 

FORMATION IN FRIED BACON (STATISTICAL EVAi-VTION)

* P < 0.01

C on trol (Xj) I r r a d i a t e d  (x^)
Mean_differencv

(Xj - x2) " - s t a t i s t i c  (d f)

Residual 
N a N o 2  (ppm) 1 2 . 0 0 . 1 1 11.89 V l 7  (1 7 ) *

NDMA (ppb) 2.89 0.83 2.06 5.2J 17 )*

NpYR (ppb) 9.28 3.39 5.89 10 .31 ( . V
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TABLE 3. EFFECT OF NITRITE LEVEL ON NITROSAMINE FORMATION IN IRRADIATED BACON

Nitrosam ines in  F r ie d  E d ib le  Po
NaNO. (ppm)

R esidual NDMA (ppb) NP
B e l l y Side S e c t io n Added Exp. 1 Exp. 2 Exp. 3 Exp. 1 Exp. 2 Exp. 3 Exp. 1 Exp.

1 r i g h t b r i s k e t 2 0 n . d . * n .d . n .d . n .d . n .d . n .d . n .d . n.d
l e f t 1 2 0 3 n .d . 2 i n .d . n .d . 3 2

r i g h t c e n te r 0 n .d . n .d . n .d . n .d . n .d . n .d . n .d . n.d
l e f t 2 0 n .d . n .d . n .d . n .d . n .d . n .d . n .d . n.d

r i g h t f la n k 0 n .d . n .d . n .d . n .d . n .d . n .d . n .d . n.d
l e f t 1 2 0 3 i n .d . 2 n .d . n .d . 2 i

2 r i g h t b r i s k e t 0 n .d . n .d . n .d . n .d . n .d . n .d . n .d . n.d
l e f t 2 0 i n .d . n .d . n .d . n .d . n .d . n .d . n.d

r i g h t c e n te r 0 n .d . n .d . n .d . n .d . n .d . n .d . n .d . n.d

l e f t 1 2 0 17 2 i i n .d . i 3 2

r i g h t f la n k 2 0 3 n .d . n .d . n .d . n .d . n .d . n .d . n.d

l e f t 1 2 0 19 n .d . n .d . i i n .d . 3 i

3 r i g h t b r i s k e t 0 1 n .d . i n .d . n .d . n .d . n .d . n.d

l e f t 1 2 0 23 i n .d . 3 i n .d . 4 2

r i g h t c e n te r 2 0 2 n .d . n .d . n .d . n .d . n .d . 1 n.d

l e f t 1 2 0 33 i n .d . i n .d . n .d . 3 i

r i g h t f l a n k 0 n .d . n .d . n .d . n .d . n .d . n .d . n .d . n.d
l e f t 2 0 n .d . i n .d . n .d . n .d . n .d . n .d . n.d

*  n .d .  -  none d e te c t e d .
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