
E-17
Absence

b “e o f  A ntith iam in  F a c to r s  in  Radappertized Beef and Chicken

' *AICa> JR ,JK‘ > E. L. McGOWN, and D. E. HILMAS

6atch  ̂ p6 d lc a l  Research and Development Command, F r e d e r ic k ,  Maryland 21701, and Let 
r e s i d i ó  o f  San F r a n c is c o ,  C a l i f o r n i a  94129 USA

terman Army I n s t i t u t e  o f

Hea * th j
ft/ s was a u x i U a r y s t u d ie s  included in  the U.S. ueBLl„ B L
1 1 " 1 studio a,t ob determ ining i f  ra d a p p e rt ize d  produced a n t i th ia m in  f a c t o r s  in
Ki e di» by Brin  *l th , la ts
S , !  - !■

Army P r o to c o ls  f o r  t e s t i n g  the wholesomeness o f  ra d a p p e rt ize d
meats ( 1 , 2 ) .  The q u e stio n  arose

i i e ts l  B r i "  et  3 1  (3 ,4 )  in which r a t s  were fed d i e t s  co n ta in in g  35% (dry  w eigh t)  ra d a p p e rt ize d  p o r k /  
&Veis *  ̂ en not supplemented with thiam ine, produced thiamine d e f i c i e n c y  in r a t s .  R e p le t io n  o f  the r a t s  
le v e ls  thlamin that  were adequate f o r  growth did not r e s t o r e  e r y t h r o c y t e  t r a n s k e t o la s e  a c t i v i t y  (ETK) to 

Rats fed  the same d i e t s  supplemented w ith thiamine grew normally  and had normal ETK l e v e l s .
“as b

S r i n / y \ m0nStrat:ed to be thiamine s p e c i f i c  and a good measure o f  thiamine s t a t u s  in  both r a t s  and humans 
ajiCn ° and o th ers  ( i ) .  In view o f  the l a b i l i t y  o f  thiamine to  heat and tsenro f i -----------------'  ”  ------------  ~ ---- - ----  - °  i r r a d i a t i o n  as w e l l  as the

the i . ETK r e Pl e t l o n  data w ith  " low" l e v e l s  o f  thiamine in r a t s ,  t h i s  study was con sidered impor-
(W nves t i g a t i o n  o f  the wholesomeness o f  ra d a p p e rt ize d  b e e f  and chicken  ( 7 , 8 ) .

k g
l8ht^<yine

^ t ^ ' ^ d t c v S  ° h a r l e s  R iver  weaning r a t s ,  156 per sex per d i e t  group were housed i n d i v i d u a l l y  in  rooms withark c 7 ~ i  a r l e s  K lv e r  weaning r a t s ,  156 per sex per d i e t  group were housed i n d i v i d u a l l y  in  rooms w ith a 
th is i 6  ° f  1 2  hours> A 1 1 r a t s  were fed a sem ip u r if ie d  d i e t  co n ta in in g  2 0 mg thiamin/kg f o r  one week.

9ete f „ j C irnati z a t i o n  p e r io d ,  24 r a t s  were continued on the n o n d e f ic ie n t  c o n tr o l  d i e t  and the remaining 13?
««s a"<urn eachthe Same d i e t  n° C suPPlemented w ith thiam in. At d e f i c i e n c y ,  weight ga in  o f  l e s s  than 0 .5 g/d ay, 12 
\  ariesthe sJ 8 rouP> n o n d e f ic ie n t  c o n tr o l  and thiamin d e f i c i e n t ,  were b led  by ca rd ia c  puncture under penthram 

ei»aini la  f o r  base l i n e  ETK and iri v i t r o  thiamin pyrophosphate ETK s t im u la t io n  (TPP) and then s a c r i f i c e d .
- 0  thiamin d e f i c i e n t  r a t s  were randomly d iv id ed  in to  1 0  groups o f  1 2  r a t s  which were fed f i v e  

en ! . S eacb at two l e v e l s  o f  thiam in, 3 .7 5  and 20.0 mg/kg in the b e e f  study and 3 .0  and 20.0 mg/kg i
C r*nt h" 8  12°  t h i  
V  ^icko l6tS each

rozen y ‘ the f i v e  d i e t  groups, in a d d it io n  to the remaining n o n d e f ic ie n t  s e m ip u r if ie d  d i e t  group, 
(K * erm a l, gamma and e le c t r o n  b e e f  or ch ick e n ,  and s e m ip u r if ie d  d i e t .

SISHesi Blood samples, 1.5ml c o l l e c t e d  by c a rd ia c  puncture on day 0, 7 , 14 and 28 o f  r e p l e t i o n ,  f o r  ETK

'lea
dr awn in to  EDTA-containing s y r i n g e s .  Hematocrit was determined in  d u p l ic a te  and the red blood c e l l s

ed and3nd s tored  fro zen  u n t i l  a ss a y e d .  The procedure fo l lo w ed  was th a t  rep orted  by Smeets e  ̂ a l  (9) as 
adapted f o r  the Autoanalyz e r  by Waring e t  a l  ( 1 0 ) .  Enzyme a c t i v i t y  was expressed as:

ETK = I.V ./m l packed red c e l l s

in £ it
I . V .  = u mole g ly ce ra ld eh yd e-3 -p h o sp h ate  produced/min a t  37°C 

£ 2  thiamin pyrophosphate s t im u la t io n  as:

TPP= ETK s t im u late d  -  ETK unstim ulated 
ETK unstim ulated X 100

The

£ ^^ianiin was assayed by t h e m ic r o b io lo g ic a l  method d e sc r ib ed  by Pearson ( 1 1 )  usin g  L a c t o b a c i l l u s  
a l l  meats, mixed and s e m ip u r if ie d  d i e t s .

V b̂iti 9Ce and .Was obtained from whole c a r c a s s e s  o f  f r e s h ,  c h i l l e d ,  US cho ice  grade b e e f ,  deboned and d e fa t t e d

«f
c

in t e r n a l  f a t .  A 100 kg p o rt io n  ( 0 . 1 2 5 - 1 .4  kg p i e c e s )  was mixed w ith 1 kg sodium c h l o r i d e ,  0 .4  kg 
9' ^ osPbate  and 3 kg chipped ic e  and then s t u f f e d  in to  c a s in g s .  The diameter o f  the s t u f f e d  c a s in g s  
for 3nd crn- S t u f f e d  c a s in g s  were p laced  in a cookhouse and heated to an in t e r n a l  temperature

enzyme i n a c t i v a t i o n .

sin °hickP„
hn6cj Pt'0p0 r t . Was obtained from fre s h  b r o i l e r s  or f r y e r s  ( 1 . 1 - 1 . 6  kg each) and fr e s h  hens ( 1 . 4 - 2 . 3  kg e a ch ) ,  

. a n d  1̂ o n  O f  hens was not more than 15% o f  the t o t a l  procurement. B r e a s t s ,  t h ig h s ,  and le g s  were
0p ° ned by hand. The f l e s h  and skin  were ground s e p a r a t e l y  and blended in the approximate n atu ra l  

0 , 7 5 Mbite mea t ,  dark meat, and sk in  (85% minimum meat and 18% maximum s k i n ) .  A 100 kg p o rt io n  was 
fo>- Rg sodium c h l o r i d e ,  0.3 kg sodium tr ip o ly p h o s p h a te  and 3 .0  kg chipped i c e  and then s t u f f e d  in toor

5 ^

enzyme i n a c t i v a t i o n  to an in t e r n a l  temperature o f  73 -77 C.

.OH.

.o f
cans •

Be¿f_and Chicken. T h r e e -fo u rth s  o f  the enzyme i n a c t i v a t e d  meats (b e e f  or ch icken ) were vacuum

i 5 -6 ° f 0he canned meats, o n e - th ir d  was re ta in e d  as the f ro z en  c o n t r o l ,  o n e -th ir d  was therm ally  processed 
W«s « ° r  f 60 min) and o n e - th ir d  was i r r a d i a t e d  w ith Cobalt-60 gamma r a y s .  The meat in  the f l e x i b l e

V  •> 1 Of’ tbe ren>ainder was vacuum packed in f l e x i b l e  pouches. A l l  meats were fro zen  immediately a f t e r

* i N  N °  the
> r io 8
W  was 5 gUlate<  ̂ w ith 10 MeV e l e c t r o n s .  Temperature during i r r a d i a t i o n  was -40^ to 5 C. Average i r r a d i a -  

temn kGy ^ 5 ’ 9  Mrad) With a range o f  47-71 kGy. Thermal and i r r a d i a t i o n  processed meats were stored 
*», in P e ra t« e .

Hi PackaVt*
—  The meats were procured and processed through commercial meat packing p l a n t s ,  but were 

=agin 6  bs Army N atick  Research and Development Command f a c i l i t i e s .  Further d e t a i l s  on the p ro cu re-  
and p ro c e ss in g  were d e sc r ib e d  in the P r o to c o ls  ( 1 , 2 ) .

Wefe mB° S i t i o n  ° f  the d i e t s  was as shown in Table 1 .  Proximate ( 1 2 ) ,  ca lc ium  (13) and phosphorus (14) 
Fat and p r o t e in  l e v e l s  (dry  w eigh t)  were a d ju ste d  in the s e m ip u r if ie d  d i e t s  to be s im i la r  

The calcium/phosphorus r a t i o  in  the b e ef  d i e t s  was 1 .3 2 ,  in  the chicken  d i e t s  i t  was 1 .2 9 ,
di

mad
e t s .
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and in the semipurified diets it was 1.25. Diets were prepared no longer in advance than 48 hours prior 
feeding and fresh diets in clear iars were fed at least every 48 hours. Chicken was ground through a 1/ 
plate, but beef was heated to an internal temperature of 50 -60 C prior to grinding. g
were than mixed with their respective dry, semipurified premixes in precalculated proportions to yield diet-
containing 35% dry weight meat. 

Table 1: Diet Composition

Meats and their iuiceS 
portions to y

Average proximate and mineral analyses were as shown in Table 2.

Beef or 
Chicken

_ b(®pStatistical Analyses. A packaged computer program) ^  
Biomedical Computer Program P2V (15) was used to Per

Meat (dry weight)
(2 1 .8 ) 1

35.0
Casein (vitamin free) 20.0 -
Lard 10 .0 ( 8 .8) -
Corn oil 2 5.0 ( 4.4) -
Mineral mix« 4.0 4.0,,, . . J Vitamin mix 2 .0 2.0
L-cystine 0 .2 0.2
Choline chloride 0.2 0.2
Glucose 58.6 58.6

10 0 .0 100.0

a two-way analysis of variance (ANOVA) using food andlet«1ie - avitamin levels as the grouping factors. The nondep 
semipurified diet control group was not included in g0lr 
because it was, by inspection, obviously different•

pe«1
pade

separately for each sex and for each of the collectl 
periods, day 7, 14, and 28 of repletion.

parisons between individual groups were by Dennett 5 
method of multiple comparison (16) using appropriât« 
square error values from the ANOVA. Analysis were ^

( ) For the chicken study.
The mineral mix contributed 
following salts: in g/kg: CaCO,, 
NaHCO,, 1.164; NaCl, 1.49; K„S0,

Table 2: Average Proximate, Phosphorus and Calciuin 
Analyses for Beef and Chicken

to the diet the
CaHPO,, 22.21;

j,, i.iv-.; liav.i , ¡..-f?, D.OU, , 6.728; .HjO, 
0.258; in mg/kg: ZnCO,, 37.6; KI, 0.337; FeSO,.

0.33; Cr 
.5' CoS04 .7H20,4.79.

7H 0,292; CuS0,.5H 0,33.2; Na.SeO,
(Acetate), .1^0,4.78; Mo0^,1.5I;
The vitamin premix was made up in a cellulose 
carrier and contributed to the final diet the 
following vitamins in mg/kg: gelatin coated 
retinal (500 IU/mg) 26; C.holecalciferol (400 
IU/mg), 5; DL-a-tocopheryl-acetate powder (250 
IU/mg), 440; Menadione - sodium bisulfite tri
hydrate 1.0; Riboflavin 10; Pyridoxine .HC1 20; 
Niacin 60; Ca - D-Pantothenate 30; Folic Acid 
2.0; Biotin 1.0; B ^ )  0.1% triturate 30.
Thiamin .HC1 was incorporated into a second 
premix and added to the diets to achieve the 
specified levels.

Moisture
%

Protein
%

Fat
%

Ash Phosphorus
% %

Calciu“

Beef 59.2 23.4 14.1 2.04 0.229 0.0° J 

0.00*
Chicken 64.2 19.0 13.9 1.54 0.244

1. Includes added sodium tripolyphosphate.
hr3in«aResults and Discussion. In general, the data od 

with beef was similar to that obtained with chit 
therefore, separate discussions will not be prese j
Growth and body weight data are shown in Table 3 
mine deficiency, as measured by growth cessatio0’ oc«

Ie5.

Table 3: Initial and Final Body Weights During the 28 Day 
Repletion Period^

between the 14th and 16th day for both males anu tKe £, 
on the chiamin deficient diet. Rats repleted on ^epl® ( 
diets regained their growth rate faster than t^oSfe tJ«‘! 
ed on the semipurified diets. Within two weeks c o 
of the meat-fed rats equalled or surpasses the we s, 
the nondeficient controls, particularly by the e j

ef f eC>

MALES

Diet
Beef

3.75
Study

20.0
Chicken

3.0
Study

20.0

Nondeficient _ 353±213 (0) 4 _ 378-38 (1 )
Semipurified 335-25 (0) 327-34 (1) 350-35 (2) 347Í33 (4)
Frozen 355-27 (1) 346-17 (1) 387-38 (1 ) 392Í51 (3)
Thermal 351-24 (1) 341 il7 (2) 383-32 (1 ) 399Í26 (2)
Gamma 359—16 (1) 350±25 (1) 393-20 (0) 381-37 (2)
Electron 356^20 (2) 355Í18 (1) 388-36 (2) 376-32 (2)

Av. Initial 'Wts: Nondeficient 185-12 190-13
All Others 147—16 160±21

FEMALES
, Beef Study Chicken Study

Diet 3.752 20.0 3.0 20.0

Nondeficient _ 196-12 (3) - 240Í19 (0)
Semipurified 188-20 (1 ) 196-27 (3) 232Í28 (0) 235Í31 (1 )
Frozen 217-20 (1) 206-21 (1 ) 261Í23 (0) 268-35 (1 )
Thermal 210-24 (1) 217-21 (3) 258Í31 (1 ) 262-25 (0)
Gamma 206Í17 (1) 212-16 (2) 255-25 (2) 255-19 (1 )
Electron 211-34 (1) 198-12 (4) 261-26 (3) 254Í22 (3)

Av. Initial Wts: Nondeficient 133-9 152±10
All Others 121-12 143±13

There was no consistent
vitamin level on replci1^, 
nor were there any

t o'

_ce*
among the differently PrggCai> 
beef or chicken items-

5e, 
oof separations in time ^  cl”

u e n tiy ^  o*
was made to compare bee no
ken data and, consequen 
significance should be P g 
any differences betweefl^^fi
sets of data 
ed diet containing 1when #  

^ ui>kg, the minimum level ' . 
for growth, was fed to t te* 
deficient rats, growtn _ v t
ed at a nearly norma 
there was almost no 
ETK activity (7).

ra£ y vreco

lase ** £
Erythrocyte transketo g 1» .
ties are shown in Figu* cißilC 

de i\\ >e\ 
ndef”  f í I1
& f j,C f

activity at thiamin de 
was 20-25% of the n°nde
controls. After rep 
increased raptuiy —  
first seven days wi th j

1. There were 12 
on day 7, 14,

rats per diet group and all were bled by cardian puncture 
and 28.

ter rep*- cp* ¡,
i d lyays with ig. 

creases on day 14 ano ^ 
by day 28 the average 
was still lower than 1 fpl

&

mg thiamine/kg dry weight diet, 
g 1 SG.
( ) number of rats that died as a result of cardiac puncture.

of the nondeficient
The reason for this 
uncommon observation

■ef‘ 
l (

contr° (¡o[
latts* V .
may

lated to red blood cel jj)jl, .̂ Af(8). In general» - (?i0 ( 
significant difference^ jo« 
among the ETK activity [t,e

vitamin level, but there were no significant differences among the differently processed beef or am 
differently processed chicken items.
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e!' ave

eff

, ®raEe , . L .
with ~ , --ltro thlaraln pyrophosphate ETK stimulation, which measures the relative unsaturation of the 

clUcken a°factor> at deficiency was 23.1-13.5% for males and 30.0±22.0% for females in the beef study. Ir 
rct ,S u y * e effect was 16.8—17.5% for males and 1.4—4.8% for females. At" f hp came h i mo e-K« TDT

cken e. 3--- , Wda Lur males ana j u .u - ^ . u% tor temales in the beef study. In
5,5+^ for thpU y ’ a *" TPP effect was 1 6 *8“1 7.5% for males and 1.4-4.8% for females. At the same time the TPP 
“H -6% f0r r*ondeflcient controls was 3.6-2.9% for males and 5.1±3 .9% for females in the beef study, and

% and ™aleS and 1'6-3-57" for females in the chicken study. After repletion all average values were lesswere considered to hp in t-hn nz-.T-m̂ i k,,*- ~ --- 1 j j  _• _  ̂.  , . . ___ __1PP etfects in excess
>  97

aredaWere considered to be ln the normal range, but standard deviations were high. TPP effects in ex 
st„ ted bv pCepted as an lndication of thiamin deficiency; however, this does not always obtain as has been

and I I I  ° therS ° 7,’ ! 8’ 19)- The raa8nitude ° f  the TPP effect is influenced by sampling, handling 
Mood ff f/ ^ ? rS’ i n c l u d l n 8 the possibility of apotransketolase destruction during the hemolysis of 

ceils (20). In this study, ETK was a better indicator of thiamin status than TPP effect.In this study,

Thiamine Content of Beef and Chicken Meat1

2-48Í0.183 

1-0410.13

0.52±0.04 0.59l0.10

O.23I 0 .OI 0.26-0.02

I . I 5 I 0 . I I

0.70^0.13
 ̂ 1 ■ ■ 1 1 ... . — —————

thre sampled three times and each sample was assayed 
e different dilu t ions .0°ke(jee different dilutions 

' n,8/kB described.
ry weight - SG.

vas
<»er

th

Thiamin destruction by thermal and gamma pro
cessing in both beef and chicken was about 
75%, but only about 40% in the electron pro
cessed meats (Table 4). Although it had been 
seen previously on occasion, the significance 
of less destruction by electron radapperti- 
zation has not been explored and further 
discussion of this observation is not within 
the scope of this paper.

Conclusion. In these studies, ETK activity 
was a better indicator of thiamine status in 
rats than TPP effect and a thiamin level of 

Recovery of ETK activity in thiamin deficientgrea! ' 25 m8/,k8 WaS re9ulred to restore ETK activity. Recovery 01 tilt activity ln thiamin deficient 
ltta[1Vere fed ^ L at 20,0 mg thianlin/kg than at 3.0 or 3.75 mg thiamin/kg diet. Among the thiamin deficient rats 

lated or 1 ° enzyme lnactivated beef or chicken, which was processed as frozen, thermal (F =6), gamma 
V S Wltbin P6 actron irradiated (47-71 kGy), and supplemented with thiamin, there were no significant differ- 
t|'lc,8ai»ma a n d , meat group in 8r°wth of ETK recovery during the 28 day repletion period. It was concluded 

eti. electron radappertization (or thermal processing) did not produce antithiamin factors in beef or
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FIGURE 1. ERYTHROCYTE TRA N SK ETO LASE  ACTIVITY FOR DAY 7 A N D  28 .
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