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ABSTRACT

Male and female rats (156 each) were made thiamin—deficient by
feeding a semipurif led diet: devoid of thiatnin. They were then repleted
with various beef—containing test diets: frozen beef, thermally proc-
essed beef , electron or p,antnia—irradtiited beef. All repletion diets
contained carefully controlled levels of thianin. Recovery rates were
monitored by growth (weight gain) and measurements of a thiamin—
dependent blood enzyme (erythrocyte transketolase). The responses of
rats fed irradiated beef were similar to those fed frozen or thermally
processed beef. No evidence was found of antithiatnin substances in
either gamoa or electron irradiation sterilized beef.
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PREFACE

The experimental portions of the study covered in this report were
conducted during the period oL.1j~y 1978 — 1 October 1978. All raw
data are being stored at Letterman Artny ~~~~~~~~~~~~~~~~~~~~ Anyone
wishing to examine the raw data or to obtain copies of tables containing
individual values, may do so by contacting: Commander, Letterman Army
Institute of Research, ATrN: SGRD—IJLN, Presidio of San Francisco,
California 94129.

In addition to the personnel listed on page vi, the authors
gratefully acknowledge the assistance of Ms. Cindy White and Ms. Anne
Regh, typists; and Ms. Lottie Applevhite, LAIR technical editor.
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REPORT OF THE QUALITY ASSURANCE UNIT

Summary and Conclusions: This study and the d r a f t  of the final report
dated 25 January 1979 have been examined and the study has been found
to have been conducted as described in the protocol, and its addendum.
The procedures used were those described in the standard operating
procedures. The conclusions and reported results accurately reflect
the raw data.

Inspections: Written records were not made of inspections until 20
March 1979. On that date record was made to best of memory of previous
inspections. Following that date written record was made of all inspec-
tions at time of inspection.

August 1978: Inspection of diet preparations and examined notebooks
where B1 and proximate analysis data were recorded. No recommendations
were necessary.

September 13 and 27, 1978: Inspection of the hemoglobin and hematocrit
assays. Information as to the control used and the manufacturers target
assay value was not being entered on the work sheets. Laboratory per-
sonnel were advised to enter these data.

November, 1978: Inspection of erythrocyte transketolase assay. SOPs
were present and being followed. Raw data were date stamped but not
signed. The technician performing the assay was asked to sign the data
sheets, which he did.

From March 21 to March 29, 1979 , the data of the final report dated 25
January 1979 were examined and found consistent with the protocol and
its addendum. Where examined, the conclusions reflect the results
recorded in the raw data.

~~~~~~ 
• j / ’~~~ ~

WILLIAM R. WISE, JR.
QUALITY ASS URANCE MONITOR
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INTRODUCTION

The testing of control and irradiated meats for antirietaholite
ac t iv i ty  against  vitamins B~ and B~ is a requ~ renent of the protocol
enti t led “Animal Feeding Protocol for  I r r adia t ion  Ster i l ized Test
Foods ” origina ted by the Office for the Wholesomeness of Irradiated
Foods , USAMRD C, dated 21 October 1975.

The purpose of the stud y reported here was to determine whether or
not i rradiat ion (gamma or electron) or thermal proces sin g of beef
produces factors which are antagonistic to vitamin 

~1 (thiamin) in the
diet of rats.

Background and Experimen tal Design

The protocol for the antithiamin study specified that rats were
to be made def ic ien t  in thiamin (according to a pre—set  weight  gain
criterion). They were then to be repleted with various neat—containing
or dry diets which had identical (high or lo~i) thiamin contents and the
recovery rates compared. A decreased recovery rate in animals fed
irradiated meat relative to those fed control meat would indicate the
presence of an an tithiamin subs tance.

Resumption of growth was the most obvious indica tor  of recovery.
The other  (more sensitive and specific)  parame ter of thiariin s ta tus  was
specified to he erythrocyte  transketolase (ETK) activity . This enzyme
requires a thiamin derivative (thiamin pyrophosphate) to function. The
activity of the enzyme drops rapidly in red cells of animals fed diets
def i~ ient in thiamin . Also , in vitro addition of thiamin pyrophosphate
cofactor  generally produces a much greater (%) increase in enzymatic
act ivi ty  in hemolysates from def ic ien t  animals than from nondeficient
controls. This in vitro stimulation , “TPP effect,” is presumab ly indic-
ative of the percent apoenzyme which is not saturated with cofactor.

The protocol specified that  the meat diets contain 35% test meat
(on a dry weight basis). Furthermore , it specified tha t each mea t be
tested at 2 levels of vitamin intake, a marginal level and a high level
(5.0 and 20.0 mg thiariin/kg diet on a dry weight basis). The high vita-
min diets were included to determine whether or not antithiaviin substances
(if detected) could be overcome by additional vitamin.

The test meat for this study was specified to he beef which had
been heated to inactivate enzymes and then preserved by four different
methods: 1) frozen (control), 2) canned (thermally processe.i~ . 3) gammairradiated , 4) electron irradiated . The last three treatments produce
shelf—stable products and are known to decrease vitamin content. Finally,
the protocol specified that groups fed dry , semi—purified diets without
meat be included .
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Pilot Studies

Two pilot studies (using only semi—purified diets) were conducted
in this laboratory. The first was done to familiarize the personnel
with the necessary technical procedures and the experimental design.
The second study was conducted because of uncertainty that 5.0 rig
thiamin/kg diet , as specified in the protocol, was, in fact, marginal
for restoration of erythrocyte transketolase. The National Research
Council (NRC) estimates that the minimum level of dietary thiariin neces-
sary to promote optimal growth in a non—deficient rat is 1.25 mg/kg
diet (1). Therefore, the second pilot study evaluated differences in
recovery rates of thiamin—deficien t rats which were repleted at 5.0 and
20.0 mg/kg. Only a slight difference was found (data not shown).
Although deficient rats repleted on a diet containing the NRC requirement
(1.25 mg/kg) resumed growing at nearly normal rates, there was almost no
recovery of erythrocyte transketolase. On the basis of the above obser-
vations, we felt that the marginal thiamin level should he lowered to
3.75 mg/kg to enhance differences between the groups during repletion.
Upon obtaining the approval of LTC Hilmas and Dr. Raica, this change
was made in the protocol.

M1~THODS

Animal Care

Male (study 1) and female (study 2) weanling rats (156 per study)
were purchased from Charles River Breeding Laboratories , Wilmington,
Mass. Each animal was identified by ear tag and housed individually
in a room with a 12—hour light/dark cycle. All were given ad libituin
water and fed a semi—purified diet (Table 1), containing 20 rig thiamin/kg
(Diet A).

The schedule and diet codes for the studies are outlined in Table 2.
• After one week of quarantine and adaptation (Phase 1), 24 rats were ran-

domly selected to remain on Diet A. All other animals were placed on
Diet B, which was identical to Diet A except that thiatnin had been omitted
(Phase 2). Growth was monitored throughout the study by thrice weekly
weighings. Animals on Diet B were considered to be deficient when the

• average daily weight gain was less than 0.5 grams. The deficient animals
were then randomly divided into 11 groups of 12 animals each. The 24
Diet A animals were also divided into 2 groups of 12 each. One group
of 12 Diet A rats and one group of 12 Diet B rats were bled by cardiac
puncture and removed from the study. The remaining 10 groups of def i—

• cient animals were placed on 10 different repletion diets (C—L) and the
remaining Diet A gro~ip was continued on Diet A . The repletion period
(Phase 3) lasted 4 weeks.

2



Diet Preparations

All test meats were supplied by the U.S. Army Natick Research and
Development Command, Natick, Massachusetts. They were processed accord-
ing to the procedure outlined in Appendix A of the Animal Feeding Study
Protocol for Irradiation Sterilized Beef , described in paragraph one of
page one.

Proximate analyses of the beef (crude fat, protein, moisture, and
ash) were done by standard methods (2). Calcium and phosphorus deter-
minations were also done (3,4). Thiainin assays were done by a micro-
biological method which utilizes Lactohacillus viridescens as the test
organism (5). The results of these assays are summarized in Table 3.

As specified by the protocol, the meat diets were formulated to
contain 35% (dry weight) beef. The fat and protein levels of the semi—
purified diets (Table 1) were adjusted to be similar to the meat diets,
based on calculations from proximate analysis data. For each of the
meat treatment groups (E through L) a dry premix with fat and protein
omitted and containing the proper amount of thiamin was prepared in
advance. When mixed with the corresponding meat (35% dry weight basis)
the complete diets contained the specified levels of thiamin and were
similar to the semi—purified diets, except that ground beef replaced the
casein, lard, and corn oil. Analyzed thianin contents of repletion diets
are given in Table 4. The calcium/phosphate ratio of the meat diets was
calculated to be 1.325 compared to 1.25 in the semi—purified diets;
therefore, no adjustment was made in these two minerals.

Each meat was heated in a forced air oven set at 175 ± SOC until
the temperature in the meat center, as recorded by a thermocouple,
reached 50—60°C. The meat and juices were then ground through a 1/4 inch
plate and thoroughly mixed. Each meat was mixed with its corresponding
dry premix in the specified ratio and the diets were prepared no longer
in advance of feeding than two days. Each feed jar was weighed when
placed into and removed from the cages to allow estimates of food con-
sumption. The diets remained in the cages no longer than 48 hours before
being replaced by fresh diet in clean jars. Feed jars containing each
diet were also placed in empty cages to serve as evaporation controls.

Blood Sampling and Analyses

Blood samples were obtained by cardiac puncture from all rats on
days 7, 14, and 28 of repletion. The animals were anesthetized with
penthrane gas and samples (1.5 ml each) were collected into EPTA—contain—
ing syringes. Hematocrit determinations were done in duplicate on each
sample. Aliquots of each were prepared, the red cells were washed and
stored frozen until assayed. Erythrocyte transketolase (ETK) activity
was determined in the presence and absence of added thiamin pyrophosphate
(TPP) by an autoanalyzer adaptation of the method of Smeets et al. (6).
(In—house modifications were the efforts of Mr. Paul Waring.) Enzymatic

3
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activity was expressed as ETK 1.11./mi packed red cells where 1.11.
wrole glyceraldehyde—3—phosphate produced per minute at 37 C. The stim-
ulation in activity in the presence of TPP was calculated as:

(ETK stimulated — ETh unstimulated] (100)
TPP Effect ETK unstimulated

Statistical Analysis of Erythrocyte Tranaketolase Data

Erythrocyte transketolase (ETK) data were analyzed separately for
studies 1 and 2 (males and females). Within each sex, the data were
analyzed separately for each of the three sample collection days in the
repletion phase (days 7, 14, and 28). The variables analyzed were ETK,
ETK—stimulated, and TPP effect.

The data were to be analyzed to determine the possible effects of
diet (food group effect) and level of thiamin (~iitanin level effect).The data were first scrutinized by plotting histograms and calculating
standard deviations, skewness, and kurtosis to establish reasonably
normal distributions. This examination revealed no gross abnormalities
and that the usual transformations, e.g. logarithm, would not signif 1—
cantly increase the apparent normality. It was concluded that an
assumption of normality was reasonable, considering the robustness of
the statistical tests used with respect to the normality requirement.

A packaged computer program, BMDP Biomedical Computer Program P2V
(7) was used to perform a two—way analysis of variance (ANOVA) using
food and vitamin level as the grouping factors. The non—depleted diet
group (A) was not included in the analysis of variance because its
difference from the other food groups was strongly obvious from visual
inspection. ANOVA was done both with and without inclusion of the dry
diet groups, for reasons to be discussed under Results.

Comparisons between individual groups were done by Dunnett’s method
of multiple comparisons (8) using the appropriate mean square (MS) error
values from the analyses of variance.

RESULTS ANI) DISCUSSION

Observations on ~rowth

Growth (body weight) curves for the males are shown in Figures 1—6
and for the females in Figures 7—12. Cessation of growth in an nals on
the deficient diet was remarkably abrupt (group B in Figures 1 and 7).
In all studies the criterion for deficiency (weight pain less than 0.5
g/day) was met 14—16 days after the beginning of Phase 2. Figures 2—6
(males) and Figures 8—12 (females) show the growth curves for all groups
on the various repletion diets. The growth curve of Group A has been
included in each figure (dashed line). A striking observation was the
fact that all meat—fed groups gained faster than those repleted on 
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semi—purified diets. In fact, within two weeks all groups on beef diets
had caught up to the non—deficient groups and in Study 2 had actually
surpassed Group A.

A few accidental deaths occurred as a result of the anesthesia or
cardiac puncture. These losses, as well as the stress of bleeding all
of the animals resulted in shifts in some growth curves after days 7
and 14. To eliminate the potentially misleading effects of animal
deaths on group means, the growth data were recalculated and expressed
as mean weight gain per group per day. Tables 5 and 6 summarize the
average daily weight gain for the males and females for weekly periods
as well as the overall means for the four weeks of repletion. Although
some high—thiatnin groups appeared to gain more during the first week of
repletion than their low—thiamin counterparts, these differences were
generally reversed during the second week. The variation was such that
no consistent effect of vitamin level was found. Moreover, no obvious
differences were observed among meat—fed groups. As would be expected
from the growth curves, the average gains for animals fed semi—purified
diets were less than those for the meat—fed groups. The daily mean
weight gains from which the numbers in Tables 5 and 6 were calculated
are included in Tables 7 and 8.

Erythrocyte Transketolase (ETK) Analyses

Erythrocyte transketolase (ETK) data (unstimulated) are summarized
graphically by day in Figures 13—18. In each figure, the far left bar
represents group A (non—deficient animals). Group B means (representing
the deficient animals at day 0, before repletion) have been dotted in to
aid visual comparisons. The bars are paired together according to food
group and in each pair the open and diagonally—hatched bars represent
low and high vitamin level, respectively.

Before repletion, the deficient animals (Group B) had ETh activities
20—25% of the levels observed in nondeficient controls. From Figures
13 and 16 it is obvious that within 7 days ETK activity had increased
strikingly in all experimental groups regardless of the repletion diet.
Smaller increases relative to group A were observed on days 14 and 28
in both studies. However, at 28 days all experimental group means (both
high and low vitamin levels) were still lover than the means of Group A
(Figures 15 and 18).

TPP effect data are summarized in Table 9. The differences between
groups A and B are apparent, despite the large standard deviations.
Once the deficient animals had been placed on the repletion diets, there

• were no longer any obvious differences between group A and the other
groups. Thus, the apoenzynie present in the red cells appeared to be
readily saturable when thiamin was returned to the diet. However, as
pointed out above, at least 28 days were necessary before the total
amount of apoenzyme increased to levels found in red cells of animals
which had never been deficient.

5
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Comments Concerning Statistical Analyses

As described above, the primary purpose of this study was to
compare the recovery rates of thiamin—def icien t  rats  which were repleted
with diets containing irradiation—sterilized beef or therriailv processed
beef with those fed diets containing beef which had been stored frozen.

The protocol also specified that two groups of anirals be repleted
with dry diets similar in protein and fat content to the meat—based
diets. As described in the Methods section, the thtnmtn content of
each diet had been carefully pre—adjusted to the snecif led level. After
the studies had been completed and the growth and food consumption data
were examined , the dry diet groups were found to differ markedly from
neat—fed groups. Animals p laced on meat—conta in ing  d ie ts  promptly
increased their food intake and grew faster than those animals repleted
with non—meat diets.  ( P a l l a t i hi l i ty  was perhaps a factor.) Consen~ientlv ,
the semi—puri f ied  diet groups consumed less thiamin than did the corres-
ponding meat—fed animals. Since the experimental design depends upon
identical thiamin intakes to allow comparison of diet treatment effects,
this report will focus on statistical analyses of the meat groups only.
However, ANOVA was also done on the combined meat grolins plus  dry diet
groups .

Statistical Analysis of Frythrocyte Data

Two—way analysis of variance (food group and vitamin level as
grouping factors) was done on the ETK data from the meat—fed animals
(Groups E—L ) and P values are presented in Tables 10 (Study 1) and 11
(Study 2). The values in parentheses were obtained when ary diet groups
C and I) were included. Enzymatic parameters analyzed were ETK, ETK—
stimulated , and TPP effect . These will he discussed separately below.

1. ETK and FTX—stlr.ulated (both related to amoun t of enzyme
present).

Vitamin level had highly significant effects (P<0.05) on ETK
and ETK—sUmiilated throughout the studies, except on day 14 of Study 2,
when P values were only 0.11 and 0.13. The significant vitamin effect
was not surprising , since the high vitamin group means were uniformly
higher than the correspnnd l~ng low vitamin group means (Figures 13—18).

Among the neat diets , food group was without effect on ETE .
(‘Then dry diets C and 0 were included , a food effect was significant on
days 7 and 14 of Study I.) Thus , the meat diets did not apnear to differ
with respect to ETE response. Since the low vitamin , i rradiated meat
groups I and K were considered the crucial test groups, these two were
examined more closely with respect to the corresponding frozen beef

• group (E). From Figures 13—18 it may he seen that some of group I and
K means were slightly lower (and some higher) then group E means. How—

• ever none of these differences even approached statistical significance

6
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when tested by l)unnett’s m~iltip 1e comparisons method. This was true
whether the variances were assumed to be equal (and MSerror taken from
ANOVA) or whether variances were calculated separately when they appeared
unequal.

2. TPP effect (related to the % unsaturation of enzyme with
cofactor).

No effect of food group was found on TPP effect. In contrast
to ETK activity results, there was also no effect of vitamin level,
except on day 14 of Study 1. On that day, a food—vitamin level inter-
action appeared significant (Table 10). Closer examination of the data
suggest a significant difference between Groups I and F (PcO .Ol). How—

• ever, the physiological importance of this statistic is nuestionable
for several reasons. Group E mean was particularly low on the day—in
fact, even lover than that of the animals which had never been deficient

• (Group A). Although Group I mean was slightly high (8.97), it was still
well within the range of values observed in normal non—deficient rats.
Furthermore, the fact that dietary thiamin level had no significant
effect on TPP effect, whereas ETK activity was highly dependent, suggests
that the latter parameter is a more reliable indicator of thiamin status.
Since no detrimental effect of irradiated test foods was found on abso-
lute ETX activity, the one isolated difference found in TPP effect is
likely to have been a chance occurrence which did not necessarily reflect
thiamin status of the animals in that gi sup.

CONCLUSIONS

1. Under the conditions of these studies, actual ETK enzymatic
activity rather than TPP effect was a more sensitive indicator of thiamin
status; ETK activity was highly dependent on the amount of dietary thiamin,
while TPP effect was largely unaffected.

2. Thiamtn deficient rats were repleted with diets containing beef
(frozen , thermally processed, gamma irradiated or electron irradiated).
No difference was found among the meat—fed groups in the parameters
measured: growth, ervthrocyte transketolase activity, and TPP effect.
Specifically, neither gamma nor electron irradiated beef had a detrimental
effect on thiamin statu s in rats, compared to rats fed non—irradiated
(stored frozen) control beef.
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TABLE 1. Ccsspoeition of Diets

S~~nip~i r i f ie d  Beef
1 1

Beef (dry weight) — 35_ fl

Casein , vi tamin  free 20.0 —

Lard 10.0 —

Corn oil 5.0 —

L—cysc ine 0.2 0.2

Vitamin mix 1 2 .0 2. 1’)

Choline chloride 0.2 0.2

Mineral mix 2 4 .0 4 .0

Cerelose 58.6 58.6

100% 100%

1The vitamin pramix was made up In a cellulose Carrier and contributed to

the fin~1 diet the following vitar~in~ in ing/kg : gelatin coated retinal

(500 lU/mg) 26; Cholecalciferol (400 P7/mg), 5; DL—o—cocopheryl—scetate

powder (250 WIg), 440; Menadione — sodiinn bisuluite trlhydrate 1.0;

Ribof lavin 10; Pyr idox ine • I~Cl 20; Niacin 60; Ca — T)—I’antothenate 30;

Fol ic Acid 2.0; BlotIn 1.0; 812, 0,1% tricurate 30. Thimnln • ILC1 was In-

corporated into a second premix and added to the diets to achieve the spe-

cified levels.

2The mineral mix contributed to the diet the following salts: .n g/kg :

CaCO 3, 4.78; CaI4P0~~, 22.21; NaHCO 3, 1.164; Mad , 1.4Q4; K2S0~ , 6.728;

MgS0~~, 2.991; MnS0~ .H20, 0.258; in mg/kg: ZnCO3, 37.6; RI, 0.337; FCSOC.71120,

292; CuSOb.51420, 33.2; Na2SeO3, 0.33; Cr(Acetate)3.H20, 4.78; ‘~O03, 1.51;

CoS0~ .7H20, 4.79~
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TABLE 2. Schedule and Diet Code, for Antithiamin Studies

LENGTH OF P1~ASF. TRIIAT”ENT GROUP S

1. (Quarantine) 1 week A

V 
2. (Deple tion) 14—16 days A ,B

3. (Reple tion) 4 weeks A , C—L

Th1A111N LEVEL
DIET CODE DIET mg/kg dry weight

A Sesipurtfied 20.0 (non deficient
contro l group)

B Semipuri fied I) (deficient  diet)

C Semipurified 3.75

O Sesipurified 20.0

Meat—C ontaining Diets (35% on dry weight basis)

B Frozen Beef 3.75

F Frozen Beef 20.0

O Thermally Processed 3.75

H Thermally Processed 20,0V 
I (~~~e~a Irradiated 3.75

I J C~~una Irradia ted 20.0

K Electron Irradiated 3.75

V L Electron Irradiated 20.0

Study 1: Males

V Study 2: Famales V

V 

V

1’ 
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TABLE 4. Thi~~oin Contents of Repletion Diets1

CALCULATED CALCULATED
THIANIN THIA1IIN

mg / kg MOISTURE 2 mg/kg
DIET (Wet Weight) 1 (Dry Weigh t)

3.75 mg/kg diet:

Frozen mean 2.2 38.3 3.6
(0-3) S.D. 0.2 0,4

Ther mal mean 2.3 38.5 3 .9
(n— 3) S.D. 0.1 0.6

G~~~a mean 2.4 40.4 3.6
Irradia ted S.D. 0.3 0.4
(n 3)

Electron mean 2.1 41.0 3.8
Irradiated S.D. 0.2 0.5
(n—3)

Dry Basal mean 3.6 — 3.6
(n 2) S.D.

20 mg/kg diet:

Frozen mean 11.3 38.6 18.4
(n 3) S .D.  0.8 1.3

Thermal mean 12.3 38.9 20.1
(n 3) S.D. 0.1 0.2

Ga~~a mean 11.4 40.8 19.2
Irradiated S.D. 0.4 0,6
(n—3)

Electron mean 11.6 40.8 19.6
Irradiated S.D. 0.5 0.9

V (:0-3)

Dry Basal mean 19.4 — 19. 4
(~~~V1) S.D.

* Microb iological Aasay
2 Based on mean of two s eple.

_ _  
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TAELF. 9. S.wssary of Thiamin Pyrophosphate Stiriulation (TPP Effect)*

(ROUP STUDY 1 (Males) STUDY 2 (Females)

A mean 3,62 5.14
S.D. 2.92 3.93

13 mean 23.06 29,95
S.D. 13.50 22.02

J�~C1..1 DAY 14 DAY 713 D M7  DAY 14 DAY 28

A mean 5,46 4 ,87 5.57 4,137 6,71 8.32
S.D. 3.90 4.14 2.63 3.14 2.96 5.57

C mean 8.27 6.23 6,72 5,28 6.00 9.17
S.D. 6.78 3.44 4.70 6.22 4.84 4.78

D mean 6,66 3.88 5,58 6.72 6.65 8.61
S.D. 6.79 4.06 2.35 4,60 5,52 4.85

E mean 6,87 3.95 4.20 5.06 7.01 6,3~
S.D. 6.31 4.21 4.50 4.09 3.25 3A7

F mean 4,65 4.28 5.76 6.17 6.59 6.67
S.D. 4.61 3.50 2,71 3.06 3.67 5.22

C mean 6.33 7.13 4.92 6,47 4.07 7.30
S.D. 5.20 3.85 3,66 4,41 4.60 4,01)

H np~an 3,25 5.18 6,05 5,61 6.21 7.17
5.0. 3.83 1.91 3.45 3.59 3.49 3.77

V 
I mean 7.24 8.97 4.91 7.23 9.26 7.01

S.D. 7.46 3.38 4.52 5,83 2.56 5.67

J mean 5.67 3.06 3.59 8,17 5,48 6,60
5.0. 5.00 2.94 3.43 5.81 3,34 4,09

K mean 6,80 6.57 4.112 4,82 6,02 7,95
S.D. 3.38 5.78 2.95 4.74 4.27 5 7 0 

V

L mean 5.64 6.68 4.63 3.21 7,75 6,61
5.1). 4.25 2.13 3.71 3,40 2.37 3.23

41A11 Stimulation ValueIC are given in percentages.
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4.

IA8LE 10. Analysis of Variance Significance Levels — Study 1, Males~ V

PARAMETER2 FOOD VITAMIN INTFRAC’TION

Day 7
ETK 0.30(.03) 0.00(.O0) 0.03(.l0)
ETK—S tiriulated 0.18(,03) O.00(,00 ) 0.02(.05)
TPP Effect 0.68(.59) 0.06(.06) 0.94(.98)

Day 14
ETK 0.36(,05) 0.00(.0O) 0.ll(.02)
ETK—S timulated O.16(.02) Q,00(.Ofl) fl,22(.f)3)
T?P Effect 0.1l(.12) O.02(.O0) 0.02(.OS)

Day 2~
E’rK O.79(.90) O.00(.O0) fl,34(.00)
Elk—Stimulated 0,80(.89) O.0O(,00) 0,5?(.l05)
TPP Effect O.72(.59) O.46(.81) ‘L51(.48)

1 The fir at niath ers in each pair represent P—values when ANOVA was performed
only on meat—fed group s (E—L ) , The nttshers in parenthesis were obtained
when the tvo dry diet group s (C and 1)) were included in the AMO” A.

2E1X, Erythro cy te Trans ketolaa e Activit y ; ElK Stijsulated , Elk Activity in
the pres enc e of added th1ar~in pvrop hoephace cofactor; TI’? Effect , Z Zncr ease
in Elk due to added TPP. 

V

i
39

V - - ~~~~~VV_  
- 

-



‘1

TAZLE 11. Analysis of Variance Significance Levels — Study 2, Fmiiales1

PARAMETER2 FOOD V ITAMIN INTERACTION

Day 7
Elk .22(.20) .05(.0O) .90(.62) - C

ETK—Stir.ulated .57(.49) .02(.O0) .90(,60) 
V

V TPP Effect .lO(.13) .52(.41) .89(.95)

Day l4 V

ElK .74(.79) .l1(.04) .43(.57)
Elk—Stimulated .63(.66) ,13(.04) .66(.72)
TPP Effect .21(,44) .92(.83) .O4(.l3)

Day 28
Elk ,93(.94) .04(.Ol) .60(.65)
EU—Stimulated .95(.86) .05(.O1) .69(.70)
TPP E f f e c t .89(,50) .66(,63) .99(1.00)

1 The first nie bers in each pair represent P—values when ANOVA was performed
only on meat—fed groups(E—L). The nisehera in parenthesia were obtained
when the two dry diet groups (C and D) were included in the ANOVA .

2ETK, Erythro cy c e Tran eketo lase Activity; ElK—St im ulated , Elk Activity in
the presence of added thiariin pyrophoephece cofactor; TPP Effect, 1 Increase
in ElK due to added TPP.
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