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iary studies included in the U.S. Army Protocols for testing the wholesomeness of radappertized
of determining if radappertized produced antithiamin factors in meats (1,2). The question arose
My dieg, Yy Brin et al (3,4) in which rats were fed diets.containing ?SZ (d?y weight) radapPertized pork.
n%hIQVEI » When not supplemented with thiamine, produced thiamine deficiency in rats. Repletion of the rats
LS 1 S of thiamin that were adequate for growth did not restore erythrocyte transketolase activity (ETK) to

iy fvels. Rars fed the same diets supplemented with thiamine grew normally and had normal ETK levels.
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Koy Brﬁen demonstrated to be thiamine specific and a good measure of thiamine status in both rats and humans

& tiye ' (%) and others (¢). 1In view of the lability of thiamine to heat and to irradiation as well as the
3bsence of ETK repletion data with "low" levels of thiamine in rats, this study was considered impor-

iy inVeStigation of the wholesomeness of radappertized beef and chicken (7,8).
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Aghtﬂa:ilne' Charles River weaning rats, 156 per sex per diet group were housed individually in rooms with a

Yy, thig €¥ele of 12 hours. All rats were fed a semipurified diet containing 20mg th%amin/kg for one‘week.

Ty Yere dcclimatization period, 24 rats were continued on the nondeficient control diet and the remaining 132
ed the same diet not supplemented with thiamin. At deficiency, weight gain of less than 0.5g/day, 12
Tm hmst :a?h 8roup, nondeficient control and thiamin deficient, were bleq by c§rdiac puncture under pgnghram
d“femainiila for base line ETK and in vitro thiamin pyrophosphate ETK stimulation (TPP) a?d then sacrlf?ced.
meerent "8 120 thiamin deficient rats were randomly divided into 10 groups of 12 rats which were fed five

ey, “hic 'ets each at two levels of thiamin, 3.75 and 20.0 mg/kg in the beef study and 3.0 and 20.0 mg/kg in

& The five diet groups, in addition to the remaining nondeficient semipurified diet group,

hk 4 thErmal, gamma and electron beef or chicken, and semipurified diet.

w%e W Blood samples, 1.5ml collected by cardiac puncture on day O, 7, 14 and 28 of repletion, for ETK
%diwaﬂm € drawn into EDTA-containing syringes. Hematocrit was determined in duplicate and the red blood cells
fie and stored frozen until assayed. The procedure followed was that reported by Smeets eL al (9) as
adapted for the Autoanalyzer by Waring et al (10). Enzyme activity was expressed as:

ETK = I.V./ml packed red cells

%u I.V. = u mole glyceraldehyde-3-phosphate produced/min at 3726
th %
Ul Vitre thi 7 . . .
——I0 lamin pyrophosphate stimulation as:
W TPP= ETK stimulated - FTK unstimulated X 100
\Q@i ETK unstimulated
dn
1 Ss . s
;\@EQEEEE%; Thiamin was assayed by themicrobiological method described by Pearson (11) using Lactobacillus
$¥< °T all meats, mixed and semipurified diets.
8y e ’
%huqace beef Was obtained from whole carcasses of fresh, chilled, US choice grade beef, dgboned an? defatted
Fxbm t Internal fat. A 100 kg portion (0.125-1.4 kg pieces) was mixed with 1 kg sodium chloride, 0.4 kg
£ 0%

1 : ! 2

QQUQEnOéyphOSphate and 3 kg chipped ice and then stuffed into casings. The diameter of the stuffed casings

! \740C ; 5 and 10.1 cm. Stuffed casings were placed in a cookhouse and heated to an internal temperature
T enzyme inactivation.
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8%, tha~ Chj

xlmzsbrop;cke“ was obtained from fresh broilers or fryers (1.1-1.6 kg each) and fresh hens (1.4-2.3 kg each),
9 a

*tion of hens was not more than 15% of the total procurement. Breasts, thighs, and legs were

Sboneq by hand. The flesh and skin were ground separately and blended in the approximate'natural

ﬁsh%th 0°§ White meat, dark meat, and skin (85% minimum meat and 18% maximum.skin): A 100 kg portion was

P str g kg sodium chloride, 0.3 kg sodium tripolyphosphate agd 3.0 kg chipped ice and then stuffed into
Z¥me inactivation to an internal temperature of 73 -77 C.
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€ef and Chicken. Three-fourths of the enzyme inactivated meats (beef or chicken) were vacuum

the remainder was vacuum packed in flexible pouches. All meats were frozen immediately after
-%hélls.ﬁo the canned meats, one-third was retained as the frozen control, one-third was Fhermally pFocessed
Wag for 140 min) and one-third was irradiated with Cobalt-60 gamma rays. Tge meat in the fleX}ble .
oMb ¢ W Tadiated with 10 MeV electrons. Temperature during irradiation was -40 to 5 C. Average irradia-
gy ne o 29 kay (5.9 Mrad) with a range of 47-71 kGy. Thermal and irradiation processed meats were stored
ature. The meats were procured and processed through commercial meat pack?ng plants, but weie
{g packa it € US Army Natick Research and Development Command facilities. Further details on the procure
N "8 and Processing were described in the Protocols (1,2).

C .
b wereompcsition of the diets was as shown in Table 1. Proximate (12), calcium (13) and phosphorus (14)

meat di:ade, Fat and protein levels (dry weight) were adjusted in the semipurified diets t? be simlégr
ES. The calcium/phosphorus ratio in the beef diets was 1.32, in the chicken diets it was 1.29,
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and in the semipurified diets it was 1.25. Diets were
feeding and fresh diets in clear jars were fed at least

prepared no longer in advance than 48 hours prior t?nch
i

every 48 hours. Chicken was ground through a 1=

; o o . o o e
plate, but beef was heated to an internal temperature of 50 -60 C prior to grinding. Meats and their juices
were than mixed with their respective dry, semipurified premixes in precalculated proportions to yield diets

containing 35% dry weight meat. Average proximate and

Table 1: Diet Composition

Beef or
Semipurified Chicken

Meat (dry weight) - 1 35.0

Casein (vitamin free) 20.0 (21.8) -

Lard 10.0 ( 8.8) -

Corn oil 5.0 ( 4.4) -

Mineral mix 4.0 4.0

Vitamin mix 2.0 220

L-cystine 0.2 0.2

Choline chloride 0.2 0.2

Glucose 58.6 58.6

100.0 100.0

1. ( ) For the chicken study.

2. The mineral mix contributed to the diet the
following salts: in g/kg: CaCO,, CaHPO,, 22.21;
NaHCO,, 1.164; NaCl, 1.49; Kzsg , 6.723; -H,0,
0.258; in mg/kg: ZnCO,, 37.6; Ké, 0.337 FeSOq.
7H,0,292; CuSO .5H70, Felds Na7SeOB, 0333 Cr

(Acetate),.H,0,4.78; MoO3,1.SI; CoS0 .7H20,4.79.
. 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; Cholecalciferol (400
1U/mg), 5; DL-a-tocopheryl-acetate powder (250
1U/mg), 440; Menadione - sodium bisulfite tri-
hydrate 1.0; Riboflavin 10; Pyridoxine .HC1 20;

mineral analyses were as shown in Table 2.

g
Statistical Analyses. A packaged computer programs ?om
Biomedical Computer Program P2V (15) was used to per

a two-way analysis of variance (ANOVA) using food aTeN
vitamin levels as the grouping factors. The nondeP™ ynyh
semipurified diet control group was not included T g

because it was, by inspection, obviously different®
parisons between individual groups were by Denne{t‘5 o8
method of multiple comparison (16) using appropriatede
square error values from the ANOVA. Analysis were e
separately for each sex and for each of the collec
periods, day 7, 14, and 28 of repletion.

i
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Table 2: Average Proximate, Phosphorus and Calciuf
Analyses for Beef and Chicken
1 jul
Moisture Protein Fat Ash Phosphorus CaI;
% % % % % 505
Beef  59.2 23.4 14.1  2.04  0.229 =
.00
Chicken 64.2 19.0 13.9  1.54 0.244 :

1. 1Includes added sodium tripolyphosphate.

. ned
Results and Discussion. In general, the data Obtal?e
with beef was similar to that obtained with ChiCkeﬂ’m
therefore, separate discussions will not be PresenEThw’d
Growth and body weight data are shown in Table = ccﬁﬂ ‘
mine deficiency, as measured by growth cessatioms ealﬁ

Niacin 60; Ca - D-Pantothenate 30; Folic Acid between the 14th and 16th day for both males aﬂd f mﬁ{
2.0; Biotin 1.0; B ,, 0.1% triturate 30. on the chiamin deficient diet. Rats repleted OT treﬁei
Thiamin .HC1 was incorporated into a second diets regained their growth rate faster than those wag’
premix and added to the diets to achieve the ed on the semipurified diets. Within two weeks tﬁe of
specified levels. of the meat-fed rats equalled or surpasses the Welgws'
the nondeficient controls, particularly by the Fetl of‘
fect b
Table 3: 1Initial and Final Body Weights During the 28 Day There was no consistent.zi roﬂ
Repletion Periodl vitamin level on replet‘ eﬂ&5 |
MALES nor were there any diffetceﬁed
, Beef Study Chicken Study among the differently prgecaﬁ;!;
Diet Slarian 20.0 3.0 20.0 beef or chicken iteTS; L Et;y
Nondeficient - 3532213 (0)* - 378338 (1) of ceparaticns P = peci NNl
Semipurified 335325 (0) 327134 (1) 350535 (2) 347133 (4) o s ond. comsequentii
Frozen 355527 (1) 346217 (1) 387238 (1) 392351 (3) O e shonld be PH
Thermal 351224 (1) 341217 (2) 383332° (1) 399226 (2) S N ifforences between Erou il
Gamma 359216 (1) 350225 (1) 393220 (0) 381237 (2) o o of duta.  When & 558 (U
Electron 356-20 (2) 355-18 (1) 388-36 (2) 376-32 (2) of diet covtatning 1_25mgui¢d
Av. Initial Wts: Nondeficient 185-12 190-13 kg, the minimum level regiaﬂﬂﬂf‘
All Others 147116 160%21 for growth, was fed t° - sfﬁt
deficient rats, growth Wte,b%
FEMALES ed at a nearly normal ve 4
5 Beef Study Chicken Study there was almost no Tec®
Diet 315 20.0 3.0 20.0 ETK activity (7). dﬁ/‘
Nondeficient % 196312 (3) ) 240%19 (0) o1ase gt
Semipurified 188220 (1) 196227 (3) 232228 (0) 235231 (1) EFythrocytﬁ tra?ikgngfe4;wV
Frozen 217220 (1) 206221 (1) 261223 (0) 268235 (1) i o hiamin dofi
Thermal 210-24 (1) 217:21 (3) 258:31 (1) 262:25 (0) e 20_§57 of ‘the nondeflcﬁﬁ
Gamma 206217 (1) 212216 (2) 255225 (2) 255219 (1) R rols.  afrer replets NN
Electron 211334 (1) 198312 (4) 261226 (3) 254292.1(3) EOTErORE ; during ol
increased rapidly : gmaﬂ ﬂ“w
Av. Initial Wes: Nondeficient 133%9 152210 first seven days with Tg. poff
All Others 121%12 143213 creases on day 14 and TK 2 off
by day 28 the averag® pe 3”54'
1. There were 12 rats per diet group and all were bled by cardian puncture was still lower than Z rcht
on day 7, 14, and 28. of the nondeficient ;atgefng’
2. mg thiamine/kg dry weight diet. The reason for nh%S nay b:oﬂn
oy 1 e uncommon observation TE° il
4

. ( ) number of rats that died as a result of cardiac

vitamin level, but there were no significant differenc
differently processed chicken items.

lated to red blood ¢€* Ehﬁep?

puncture. L8 0
rate (8). In geneLﬁ‘; (P
significant diffefef‘ci due
among the ETK activif™ " pe

es among the differently processed beef or amo
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ave :
%th iége in vitro thiamin pyrophosphate EIK stimulation, which measures the relative unsaturation of the
thec icith cofactor, at deficiency was 23;1—13.5% for males and 39.0—22.0% for females in the beef study. In
§“§c €n Study, the TPP effect was 16.8-17.5% for males and 1.4-4.8% for females. At the same time the TPP
L

4'70r the nondeficient controls was 3.622.9% for males and 5.1%3.9% for females in the beef study, and

* for males and 1.6-3.5% for females in the chicken study. After repletion all average values were less
r a:nd Were considered to be in the normal range, but standard deviations were high. TPP effects in excess
Q%OQed E dccepted as an indication of thiamin deficiency; however, this does not always obtain as has been
o Tage Y Brin and others (17, 18, 19). The magnitude of the TPP effect is influenced by sampling, handling,
hered’ and other factors, including the possibility of apotransketolase destruction during the hemolysis of
%od cells (20). 1In this study, ETK was a better indicator of thiamin status than TPP effect

they

Thiamine Content of Beef and Chicken Meat1 Thiamin destruction by thermal and gamma pro-
cessing in both beef and chicken was about
Yee 2 Frozen Thermal Gamma Electron 75%, but only about 40% in the electron pro-
ef ¥ P
" 2~4810.183 0.520.04 0.59%0.10 1.15%0.11 cessed meats (Table 4). AAlthough it haé been
‘h%k seen previously on occasion, the significance
€n . e
i 1.04%0.13 0.23%0.01 0.26%0.02 0.70%0.13 of }ess destruction by electron radapperti
“ Mg zation has not been explored and further
9 At rWere Sampled three times and each sample was assayed i;:czszlzno?ftﬁ?;s gb::rvat1on 5 Dot Witinn
3 Cog, ¢ different dilutions. P iy
‘n as de i .
8/ ry weicgzbidgc Conclusion. In these studies, ETK activity
& 8 e was a better indicator of thiamine status in
Qter rats than TPP effect and a thiamin level of

t &
s e han 1,25

th., Was g/kg was required to restore ETK activity. Recovery of ETK activity in thiamin deficient
. ag W 8Teater

at 20.0 mg thiamin/kg than at 3.0 or 3.75 mg thiamin/kg diet. Among the thiamin deficient rats

{ry. "ere

Qfaﬁatedfed 35% enzyme inactivated beef or chicken, which was processed as frozen, thermal (F.=6), gamma

.8 wi,. OF electron irradiated (47-71 kGy), and supplemented with thiamin, there were no significant differ-
I|at lthl’n A

ach meat group in growth of ETK recovery during the 28 day repletion period. It was concluded

lhi amp,
a : . - ; s e o ;
Qken_ and electron radappertization (or thermal processing) did not produce antithiamin factors in beef or
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ETK IV/ml RBC

ETK IV/ml RBC

N Nondeficient Control T Thermal Thiamine, mg/kg

D Thiamin Deficient G Gamma E 20 3.75 (Beef) X
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FIGURE 1. ERYTHROCYTE TRANSKETOLASE ACTIVITY FOR DAY 7 AND 28.
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