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ABSTRA CT

Male nnd female rats (156 each) were made thianin—deflcient by
feeding a semi—purified diet devoid of thiamin. They were then
repleted with various test diets containing chicken which had been
preserved by one of four methods: frozen , thermally processed ,
electron or gap~ a irradiated. All repletion diets contained care-
fully controlled (r~ar~ ina1 or high) levels of thiamin. Recovery
rates were monitored by growth (weight gain) and measurements of a
thiamin—dependent blood enzyme (erythrocyte transketolase). The
responses of rats fed irradiated chicken were similar to those fed
frozen or thermally processed chicken , No evidence was found of
antithiainin substances in either gamma or electron irradiation
sterilized chicken.

T ;
,~~~~~~~~~~

i

• . - -. . 
—-- - - - ,. ..-.. -~~~ 

-.

.
..~ . . - . ~~~~~~~~~~~~~~~ 



PREFACE

The experimental portions of the study cove red in this report were
conducted during the period of 1 September 1978 — 1 February 1979. All
ray data are being stored at Letterman Army Ins t i tu te  of Research . Any-
one wishing to examine, the raw data or to obtain copies of tab les
containing individual values , nay do so by contacting :  Commander ,
Letterman Army Ins t i tu te  of Research , ATTN: SCRl.)—TJLZ, Presidio of San
Francisco, California 94129.

In addition to the personnel listed on page vi , the authors
gra te fu l ly  acknowledge t h e  assistance o f :  LTC John T . Huher (MOBDES)
who helped summarize and interpre t animal weigh t data;  Ms . Anne Reg h
and Ms. Marie Rogers , typ is t s ;  and Ms. Lottie Appleuhite , LATP. technical
edi tor .
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RFPORT OF THE ()UALITY Ass1’RANcE U~ TT

~‘immary and Conc lusion~;: This s tudy  and d r a f t  of the  f i n a l  r~~~n r t
dated 30 A p r i l  1979 have been examined and found  to kt’,e been c n n d t i c t t ~~
as described in the protocol , its  addendum , and in th e standard o~~’r a t —
ing procedures. The data have been audited and the repor t ed  r e s u l t s
were found to accurately reflect the raw data .

Inspec tions : Written records were not made of inspection s unt~~1 2~’
March 1979. On t ha t  da te  record was made to the best of  r e — e r -  of
previous inspect ions . Following that  d a te  w r i t t en  record was nat i
all inspections at the t ime of inspect ion .

it ’ October 1978: Tnsp ected animal  rooris and f eed ing  and wei gh in~’
operations . No recommendat ions  were made.

November 1978: Inspected ervthrocyte transketolase assay. Eo
recommenda tions were made .

February 1979: Mr. Paii~ Yar in g  advised the Qu a l i ty  Assnr anc e  U n i t  cf
a downward sh i f t  in the recovery of the controls  used in the  t ’r v t h r c -
cvte  tr anske tn lase  assay from Decembe r 12 onward to  the  c o n c l w i - .r. ~ f
the  sttidv . J!e p rov idet i  t h e  Ou a l i t v  Assurance Uni t  ~‘it1~ d o c u m e n t ’t i .~
and specu la ted  t h a t  the  samples and controls may have been \~~r— ’ed
d uring a defrosting of t he  freezer in which they had been srn”e .
advised r.1na~’ement t ha t  da ta  co l lec ted  from December 1?. om•~ar< t ’~ ~he
conclusion ~f the s t u dy  he mul t ip l i ed  by a cor rec t ion  fa c t o r  c ’~ l . i( ’ .
The Du a l i ty  Assurance  U n i t  requested an amendment to the  st .’nd ~~rd
op e ra t inc  procedure .

26 July  1O7~) to 1 A u g u s t  1979 : Pr a f t  of the renert  da r e d  30 ‘~p’~ 1 ° ’ ~wan reviewed and the d a t a  au d i te d .  The amendment  t o  r h o  e r v t h r t - c ” t , ’
t ransketo lase requf ’s te( l  in February had f lOt  Vet  E t een  r ’ c t ’~ ”~~~. ~~~I I . ’~
was requested and rec~~j veti . This d r a f t  a ccur a t e )v  d p r c r , h e  the  rer i ,ds
and s tandard n p er at i n~’ procedures used and the r epor ted  r e su l t s
accura te ly  re f lected  the raw data.

Present Re commendat i on to Management:  An archive u r n j t  needs tn hr
established , in which to store the data .

~~~~~ A
’

WILLIA M R .  WISE , JE .
QUALITY ASSURANC E ~U ) UITO ~
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IN TRD T)U CTI ON

The t e s t i ng  of con t ro l and i r r a d i a t e d  meats  f o r  a nt i mot a h o l i t e
a c t i v i t y  aga ins t  v i tam i ns  B~ and B 6 is a r equ!r ement  of t he pro tocol
e n t i t l e d  “Animal Feeding Protocol for Irradiation SterIlized Tes’~
Foods ” o rig inated  by the  Office for  the  Wholesomeness of I r r a d i a t e d
Foods , US Army M edica l  Research and Development Command ( l ’ hAMP ]) C) ,
dated 21 October 1q75.

The purp ose of the stud y reported he re was  to det er n in e  wheti~or
Ir r a d i a t i o n  (gamm a or e l e c t r o n )  or therr ial  p roces s ing  of c h i c k e n
produces f a c t o r s  which are a n t ago n i s t i c  to  v i t an in  B 1 ( r h i a m i n )  in
the diet  of r a t s .

The protocol for the antithianin study specified that rats were
to he made d e f i c i e n t  in th iamin  (accord ing  to a p re— set  we igh t  g a i n
c r i t e r ion ) . They were then to  be rep let ed w i t h  var ious  ch ick en—
conta in ing  or s e m i — p u r i f i e d  diets  which had iden t i ca l  (hi gh or low)
thiard n contents and the  recovery rates m o n i tor e d .  A decreased
recovery r a t e  in animals  fed i r r a d i a t e d  mea t  re la t ive  to those fe d
control meat would i n d i c a t e  the  presence of an an t i th iar i in  s ’ibs tance.

Resumption of weigh t gain was the  obvious i n d i cat o r  of recovery
f rom th ian in  deficiency . The other (more ~._nsiti’;c and s p e c i f i c )  p a r i —
meter  of th t i a n in  s t a t u s  was spec i f i ed  to he e r v th r o c v t e  t r a ns k e t o l a se
(Fm ) ac t ivity . This enzvric is active only in the  presence of a t h i~~r’i r
der iva t ive , t h i a m in  pvrop b nsp h a te .  The a c t i v i t y  of t h e  enzvrie drop s
rapidly  in red ce l l s  of an imals  fed d i e t s  d e f i c i e nt  in t h i amin . Also ,
in v i t ro  addition of th i am in  pvrop ho spha t c  (TPP) co fa c to r  produces a
greater  (~) increase in enz natic activity in hemolvsates from deficient
animal, than from nond ef icient  controls .  This in v i t r o  s t i m u l a t i o n ,
“TPP e f f e c t , ” is considered to be indica t ive  of the percen t  apoenzvr ’e
which is not s a tu r a t ed  wi th  c o f a c t o r .

The protocol sp e c i f i e d  tha t  the  meat diets  contain 35~ tes t  neat
(on a dry weight  bas i s ) .  Furthermore , it spec i f i ed  t hat  each meat
be tested at 2 levels of vi tamin  i n t ake , a marginal leve l and a high
level. The hig h t h i a m i n  d iet s  were included to dete rmine  w het h e r  or
not any antithiamin substances (if detected) could be overcome by
add i t iona l  v i t amin .

All test meats originated from one lot of chicken which had been
heated to inact iva te  enzymes . This lot was divided in to  four  part s
and each was f ur ther prepared for  storage by one of the  fo llowing
t r ea tmen t s :  1) f rozen ( con t ro l ) ,  2) canned (the rmal ly  processed) , 3)
gamma i r r a d I at e d , 4) electron i r rad ia ted .  The last three tr ea tmen t s
produce s h e l f — s t a bl e  products  and are known to cause decreased vi tami n
content .  Final ly ,  the protocol specified the  inclusion of groups fed
dry , semi—pur ified diets without chicken.

1
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The o r ig ina l  protocol  had s pec i f i e d  t ha t  the two thiamin levels
be 5. 0 and 2 fl .O rig thianin/k g diet. h owever prellninarv studies In
this laboratory suggested that there was little difference in ETfI
response in thiar’in—deficient rats repleted at 5.0 or 20.0 m g/ h g .
(For f ur t h e r  comments concerning the  levels of t h i i a n i n  in r ep l et i o r ~
diets , see the  previous report f rom th is  l abora to ry  on the a nt i t b i a ni r .
propert ies  of i r r ad i a t ed  beef ( 1 ) ) .  In the presen t s tudy , the marg inal
thianin leve l was lowered s t i l l  f u r t h e r  to 3. 0 r i g/k g  diet  to enhance
the d i f f e r e n c e s  in response between the hi gh and low vi tamin groups
and thus to ensure that  any ant i th i iar i in  p r o p e r t i es  ( i f  p r e s e n t )  c o u l d
he detected .

METII OJ) S

Processing of Chicken.  All t es t  meats  were supp lied by the  l’ .h .
N at ick  Research and Development Command , N a t i c k , MA. They were pro-
cessed according to the  procedure outl ined in Appendix  A of the  p ro tocol
descr ibed in paragrap h I of page 1.

Enzyme Inac t ivat ion :  Chicken breas ts , th ighs  and legs we re dehoned ,
skinned and groun d , then mi :~ed with sodium eblor i  do ( 7 . 5  g ~ -r  ch ic - l en)
sodium t r in c l vphosp h at e  (~~.0 g /kg  ch i cken) and c rushed  Ice  (30 p ’i’~chicken ) . The groun d chicken was then placed in f i l rous ca si  r~ s
pressed in to  wire cages.  I t  was cooked in th is  form fo r  two h o ur s  i t
a Dry Bulb Temperature of 630 to 68°C and a Wet Bulb  Te rmer atur e  ofo~~ o 0 ,46 to 52 C , a f t e r  which i t  was cooked at t empera tu re s  un to OP 1 ur t ’. I
the i n t e rna l  tempera ture  reached 73 0 to 77 °C. A f t e r  cook ing,  t h e c~~~~~~”
was spray washed fo r  20 to 30 minutes  wi th  cold tap water  and then
r e f r i g e r a t e d.

All  chicken , except t h a t  to  be electron i r r a d i c t e d , was p laced in
cans sealed under vacuum and frozen . Chicken to be e lec t ron  i r ra di at e d
was placed into  rec tangular  pouches , sealed under  vacuum and f rozen
u n t i l  i r rad i at ed .  Cans of ch icken  to be use d as the f rozen  con t r o l
we re not processed f u r t h e r  but  remained f r o z e n  u n t i l  used . To p r em ar e
t h e r n al ly  processed chicken , cans of chicken we re h e at e d  to ~~~~~ ‘ C
for 159 minutes according to conventional commercial nr~ ctice resulting
in a sterilization value of not less than Fo6 .O.

Gamma I r r ad i at i on :  Ch i cken packaged in cans was i r r a d iat e d  in the
f rozen  s t a t e  using the Co—60 facility of the R a d i a t i o n  L a h or at n r v  at
t i le  US Army N at i ck  Labora tor ies , Nat ick , M assachuset t s . The dose of
radia t ion absorbed was between 4 .7 and 7 .1 million rads (Mr ads) .

Electron I r r a di a t i o n :  Chicken packed in pouches s’is i r r a d i a t ed  (whi le
f rozen)  by the  e lectron l inear  acce lera tor  (Linac)  f a c i l i ty  of the
Radiation T.aboratory at the US Army N at ick  Labora tor ies , N a t i c k ,
Massachusetts . The e lectrons were del ivered in pulses of approx ir ta t e lv
5 mIcroseconds  and with a pulse repe t i t ion  r at e  of a p p r ox i m a t e ly
100 pulses per second. The elec t ran  energy spec t rum was allowe d t o

2
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peak between 9 and 10 mill ion electron volts (MeV) dur ing  i r r ad ia t ion
of the chicken with a full width of half maximum of 0.5 MeV or less.

Animal Care

Male and female weanling rats  (156 each) were purchased from
Charles River Breeding Laboratories , Wilmin gton , Mass. Each animal
was identified by ear tag and indiv idual ly  caged in a room wi th  a
12—hour light/dark cycle. All were given ad lihituri water and fed
a semi—purified diet (Table 1) containing 20.0 mg th in r ’In /k g  d ie t .

The schedule and diet codes for t h e  s tudies  are outlined In
Table 2. After one week of quarantine and adaptation (Phase 1), 24
rats were selected at random to remain on diet A. All other animals
were placed on diet B, which was identical to diet A except that
thianin had been o m i t t e d  (Phase 2). Growth was monitored th roughout
the study by thrice weekly weighings . Animals on diet  B we re considered
to be def ic ien t  when the average dail y weight gain was less than 0 .5
grams. The de f i c i en t  animals were then randomly divided into 11 groups
of 12 animals each . The 24 diet A animals  were also d iv ided  in to  2
group s of 12 each . One gr oup of 12 die t A ra ts and one group of 12
diet B rats  were bled by cardiac puncture  and removed f rom the s tudy .
The remaining 10 groups of d e f i c i e n t  animals were placed onto  10 dif-
ferent  rep let ion die ts  (C— L) and the  remain ing  d ie t  A group Was con t inued
on diet A. The repletion period (Phase 3) lasted 4 weeks.

Diet Prepara t ions

Proximate analy ses of the  chicken (crude f a t , p ro te in , m o i st u r e ,
and ash) were done by s tandard methods ( 2 ) .  Ca lc ium and phosp horus
determinat ions were also done (3 ,4 ) .  Thiar ’,In assays were done b y a
microb iological method which utilizes Lactohacillus viridescens as the
test organism (5). The results of these assays are summarized in
Table 3.

As speci f ied  by the protocol , the meat diets  were fo rmula t ed  to
contain 35% (dry weigh t )  chicken . The f a t  and protein levels of the
semi—purified diets (Table 1) were adjusted to he similar to the neat
diets , based on calculations from proximate analysis data. For each
of the meat treatment groups (F through L) a dry premix with f a t  and
protein omitted and containing the proper amount of th t iam in  was prepared
in advance. When mixed with the corresponding meat (35% dry wei ght  bas i s )
the complete diets contained the specified levels of thianin and were
similar to the semi—pur i f ied  diets , except tha t  ground chicken replaced
the casein , lard , and corn oil. Anal yzed th iamin  contents o~ r ep le t ion
diets are given in Table 4 . The calcium/phospha te  r a t i o  of the mea t
d ie t s  was ca lcu la ted  to be 1.294 compared to 1.25 in the. s e m i — pu r i f i e d
diets; therefore , no adjustment was made in these two minerals.

Each meat was ground through a 1/4 inch plate and mixed wi th  i ts

3



cor responding  dry p r e m i x  in  the  sp e c i f i e d  r a t i o . The d i e t s  worn
pr epared  no longer  in advance of f ee d i ng  t i t an  24 hours . rac h feed

~ar was t ’o j ~~~ when p l ac e d  i n to  and removed f rom thp  cage t o  al lou
e s t i mat e s  c~ food con sumption . Th e d i e t s  roma i n e~ i n  t h o  n i ge s  no
longer t h an  4~ hours  be fore  b e i n g  rep laced  by f r e sh  d i et  In  c~ em i ar q ~
Fee d ~ars c o n t a in i ng  each d iet  were also p laced  in empty cages  to serve
as evaporation controls .

Blood Samo l ing and Analyses

Blood samp les  were ob ta ined  by c a r d i a c  p u n c t u r e  f r o m  al  1 r a ’  no
day s 7 , 14 , and 27 of rep le t ion .  ( The last samplirir was set at da’: 27
r at h e r  t i ta n  day 2~ to avoid Thanksg iv ing  h o l i d ay .) The a n i m a l s  we re
a n e s t h e t i z e d  ~‘i th p en th ran e  gas and samp les  (1.5 ml each ) we re c o l l e c t e d
Into RT)TA—containing syringes. hteTlatocrit determ inations were done in
duplicate on each sample. Alicpiots of each wore centri 1uged , t!o red
cells  were washed , hemolvzed and s tored f rozen  u n t i l  assaye d . F rv t h r ec v te
t r a nsk ot o ia s e  (ETU) activity was determined In the  presence an~ il se nce
of added t h i am i n  pvrophosp hate  (TPP) by a metho d based on that of rnents
or a l . (6) hut  adap ted  fo r  the  a i i toana lvzer  (W a r i n g ,  P .P ., et m l .,
P r ep a r a t i o n ) . En zy m a t i c  a c t i v i ty  was expressed as r 1’v = T . ’ . f r I  P m r (~( ’
r l ’d ce l l s  t ’here T .T . = ij mole g lv c e r a l d e h vd o— 3— p h o s ph a t e  ( f l iP )  p r n t 1~’ i - -~
n er  r i i n u t p  at  37 C~ The s t i m u l a t i o n  in a c t iv i ty  In th e  presence o~ T°~
‘as ca i c t i l a t e d  as:

~‘P ’ F’l oct  = 
1F ~T~ s t imu l a t e d  — rm< tinstlmulated’ (iflfl )

ETK unstinulated

°tia lir v control summaries are presented gran i’icai 1’: in ct~~ r ,t . I
an d 2. Tn both figures , the dotted lines represent 2 standard dcvii—
tions on either side of the means (solid lines). r i - ~~ - o 1 i l l u c ’ - r~ t n F
tile day—to— clay chart unit response to 3 different concentrarin”~ o~ C~~ ’
added to a c a r r i e r  heriolvsate.  (The ca r r ier  was a cn~’r ’s i  r. ’ ni h’ no

samples prepared i-i advance and f rozen  in a li qu ot s  ~nr  use t t t roi ’~~n i t ,
the studs ’ ) . In add i t i on  to the  c a r r i e r , t’-’o o t h e r  horn i ’ ’ - it
prepared in ad’,ance and frozen in aliqitots for o , i a l I t v  con trol
FC , a composite of blood samples from non—deficient r a ts  a nd  r~~~, a crc’-
p n s i te  of blond samples from th i a r i in — d e f i c i en t r at s . r j rur f .  2 i~~l u ~~t r a r o s
the  d a y — t o — d a y  ET!< a c t i v i t y  values (and the  c o e f f ic i e nt s  of v a r l a r i ’ r )
obta ined fo r  ~C , ED and  the ca r r i e r.  A ll th r e e  c o n t r ol s  dr o n n ~~d 1” .’ an
average of 167 on assay day s 17— 7 7 corinare d to the f i r s t  16 . (The reas”-
for  the drop is not known , hut  a t r ans i en t  “arm in g  during f r e e ’n ”  de-
f r ost in g  is susp ec ted) . Since the  cha r t  u n i t  responses re~~a in e d  c- ( r~~~a~~tthroughnut th e  study  and anparent ETE a c t i v i ty  In a l l  t h r e e  c o n tr o l
hemoly sa tes  dropped equivalently , their vil t ies In 1~ig :ro ? amd i l l
sar ’p los assavor l on those days have been a d j u s t e d  i t ”  1”: 16’ .

Data Acci t tj ~~j tj~~p and Bandling

Animals  were weighed usine an e l ect ron i c  ba lanc e  i n t e r fa c e d  w~a nro grr i c’~- -, i l i e  c a lcu l a t o r .  The weigh t d at a  were permanently nrin’ r- 1
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on paper  tape and recorded ni t  a r i n i a t i r ’  t a j e ( o r t r i ( h ’ e .  The
in f o rm a t i o n  on the  m agn et i c  tape was t h e n  t r a n s f e r r e d  to a n i n i c o mn i t t e r
(Data  f lei ter a) Fc lip se  C330) to he r lr oces’~ ”~ a o l  re leased in rep or t  fo r—
nat. Prcu~’rari s for  t r a n s fer r i ng  and p roce ss ing  t h e  data  uer c ’  dt ’ve3n ~ ed
locally in t h e  In f orm at i o n  Sciences Group .

Ervtltroc”te traps~eto1ase dat,t were recorded in dI gi ta l  pr i n t — o ut
form , on paper  tape  from the au t o — a n a ly z e r .  These da ta , as wel l  as
the hena toc r it  val ue s , were m a n u a l ly  t r a n s f e r r e d  to the  computer  t h r o u g h
.i remote t e rm i n a l .  All  progrars to process enz v r ’at i c  da t a  were developed
by personnel in the Division of !u t r it i o n  Technology .

S t a t i s t i c a l  Anal y s i s  of Er v th r o c yt e  Transize to lase  Da ta

The neasuir er tent s  t a len  on the three  sanol” days (7 , 14 , and 27)
were analyzed senarately for the effects of the design v a r ia b l es  ( i . e .
diet , level of thiamin and sex) along with their i n t e r act ions  on
ETK— stimulated and TI’? effect.

Based on t1i~ assumptions of normality , statistical indepen dence
and the e q u a l i ty  of subgroup variances , three—way analyses of variances
were performe d ~‘Itlt a paci.aged computer program , B~ThP Biome dical Con—
putter Program P21 T (7). The analyses revealed t h a t  t he  e f f e ct s  o~ d ie t
and level of thian i r were different for the d i f fe r en t  sex groups. Thus
it was decided to separate  the ana ly ses  f u r t h e r  between the  sew -: gro ups
and a tue — wa y anal”sis  of var iance ~,as p e r f o r m e d  on each of the thre e
deperudent variables to deterr iine t h e significarco of t he  two m a i n
effects (d iet  and thtiamin level) and their interaction s.

The fo lipu ing  mode l was u Sed In t h e  t~Yo— Wa V a na ly s e s  of var ian c e s:

v = n + a + b . + ab ‘~
- e1 .1 1)

~.zhere v thip observe d ~T}~
= overal l  mean e f f e c t

a1 = effect due to d i e t  groun
= e f f e c t  chute to t h i a nin  leve l

ah i~ = e f f ec t  due to d i e t  by thc i am in  level i n t e r a c t i o n
e = error  tern

Duinnt tts nethod of multip le comparis ons (8) was tlSP(! to test
potentially significant differences br.,ween specific treatment groups.

RF$1 ~LTS

Observations on Growth

Growth (weight )  curves for the males are shown in Figures 3—B
and for  the females in Fi~ uires 9—14. (Phases 1 and 2 are represented
in Figures 1 and 9 .)  Groups A and B were i ndis t i ngu i shabl e  for  at le,ast
10 days a f t e r  the b eg inn ing  of phas e 2 and then cessation of growth in
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animals on the d e f i c i e n t d ie t  was reriar l:abl’i ab r u p t . Both male s  ~ t t l

females  met the c r i t e r ion  for  d e f i c i e n cy  (weigh t gain less t i t an  0 .5 g/ l a . ’)
14—1 6 days a f t e r  be ing  placed on t h e  t h t i a n i n  d e f i c i e n t  (h l e t .

• F igures  4—8 and Figures 10—16 slio~, t h e  growth curves  fo r  a l l  groups
on the various rep le t ion  d ie t s .  T h e  growth curve of Group A has been
i nc lu de d  in each f igu r e  (dashed l ine) . A s t r i k i ng  nhser ’t a t  ion  was the
f ac t  that t ihi en the  t h i am i n — d e f i r i  out animals  were p 1 arc h on t he  r e n]  e t i  en
die ts , a l l  c,h i i c l zen— f ed  groups gained f a s t e r  than those r ep l e t e”  on semi—
p u r i f i e d  d ie t s . In f ac t , wi th in  two weeks a l l  group s on ch icken  d iet s
had caught  tip to the n o n— d e f i c i e n t  group and the  f em a le s  had s t r i k i ng l y
surpassed t hei r  Cretin A.

A few a cc i de n t a l  deaths occurred a.s a r e s u l t  of the an es thes ia  or
card iac  punc tu re . These losses , as wel l  as the  st resses  of b l e e d i n r
all an ima l s , r esu l ted  in p ot en t i a l ly  m i s le ;u d i n p  s h i f t s  in sore gro wth
curve s a f t e r  days 7 and 16. To e l i m i na t e  the  p o t e n t i a l ) ”  n i i s l ea d i r c
e f f e c t s  of animal  dea ths  on group means , t hu r  growth d a t a  were r e c a l cuu —
lated and expr essed  as mean uei~ !’t ga in  per group per div . Tab les  5
and 6 su irn ar l ze  th e  average d a i ly  weig ht  gain fo r  the  males  and fe” a l e s
fo r  weekly periods as well as the overal l  means  fo r  t h e  f our  cobs of
reple t ion . No consis tent  e f f ~ ct of v i t a u t in  leve l on we igh t  g a i n  was
found , nor  were there  any d i f f e r e n ce s  obse rve d h c t u e c o  ch i c l :o n — f e d
groups . As p o in t e d  out above , t h e  average  gains  for  a n i m a l s  fe. ’ sem i—
p u r i f i e d  d iets  were less than those for  the m e a t — f e d  g r o u p s .  The da i ly
mean weight gains from which the numbers  In Tables 5 ar id were c a I r n —
la ted are inc luded  in Tab le t; 7 and 8.

f le st i l t s  of F r v t h i r o c v t e  Tr ansketolasv  ( rTK) Analy ses

Erv th iro cv t e  t r an sh ct o la s e  (1:TI:) d at a  ( u i t sr i r u u l a t c d )  a r t -  s i l t ’r a r i  ;~ed
in Tab le  ‘1 and nr ( ce ’nted gr ap h ica l ly  by di” in F igu re s  15—2 f l . In  each
f i gure , t h e  f a r  II r bar  re p resents  Crcnip A (n on—d c f i  c i en t  an im a l s)
Group B means ( r e p re s e n t i n g  t h e  d e f i c i e n t an i mals  at  day 1 , i e f ~~re
reple t ion)  have been do tt ed  in to  aid v i sua l  conp ari si ’: is . The bars  ar e
pa i red  t oge t h e r  a c cor d i n g  to food group and in each p a i r  t h e  open and
diagonal ly  h a t c h e d  lia rs  represent  low and high v i t amin  leve l , r o - ; p ’c t i~’e1v .

Be fore  r ep le t ion , the de f i c i e n t an ima l s  (Group B) ba d ETg ac t i” i  t i e s
20 — 25~ of t h e  levels ob serve d in n o n — d e f i c i e n t c o n t r o l s .  From F igures
13 and 16 , it is oh ’y io uis  t h a t  w i t h i n  7 divs , ETI< a c t i v i t y  of these animals
had increased st r Ik i ng ly  regar d less of the  rep le t ion  d i e t .  fr t a l l er
increases were observe d in all  groups on cii” 16 and in t h e  f em a l e s  on
div 27 . The hi gh v i t am i n  group in each p a i r  of r eple t i on  (h o ts  c o n s i s t —
en t lv  had the higher ETK activity . At 27 day s , a l l  e x re r i nen t a l  group
means (both h i g h  and low v i t am i n  levels)  were s t i ll  lowe r than gro in,  A
moans ( F i g u res 15 and 18).

In c on t r a st  to the enzvr iat i e  a c t i v i t ie s , the in vitre e.ffect of
TJ ’P cofa c,tor was not greatly influenced by t h u i a m i n s t a t u t s  or d iet ar y
t r ea tment  (Tab le 10). Although the Group B males d i d  hive ,, h igh er  mean
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TP1~ effect than Group A (and also a h i g h  s t a n d a r d  d e v i a t i o n ) ,  there was
no d i f f e r e n ce  between the  corresponding fem ale  gro u ps .

S t a t i s t i c a l  A n a ly s i s  of Ery th r o cy t e  Tran skcto lase  Data

Two—way analy ses of variance (diet  and v i t a m i n  leve l at ; g r o u p i ng
factors) were done on the ETI: data from Groups C — L and P values are
presented in Table 11. The enzymatic parameters , ~TK , ETK—stiruilated
and TPP e f f e c t  ~-,i i I be discussed separa tely .

1. ETF and E TK—sti ruula t e d  (both r e l a t ed  to t h e  amoun t of enzyme
present) .

Significant differences were found between the  h i g h  and low
v i t am in  groups on all three  days in both male anti  female  groups . ~o
e f f e c t  of diet  was found In t h e  males , except  on day 7 (p 0 .03 and
0 .05 for ETK and F T K — st i m ul a t e d ) .  This was p r o h u a b l v  due to the high
means of Groups .T and L (both  high v i t amin , i r r ad i a t ed  groups)  on
t hat  c m v . The fem ales  showed no d i f f e r e n c e  between diet  groups except
on day 14 (P = 0 .02 and 0 .t ) 5 ) .  This e f f e c t  may he a t t r i b u t e d  to the
d i f f e rence l ’etween Groups C and C ( low vitamin: semi—p etrified and
therma l diets). Tints there was no consis tent  e f f ec t  of d iet  on
act lv i t “.

Since t h u e  los’ v i t amin , i r r ad ia t ed  meat Groups I and K were
conside red t he  cr ’ic ial  test  groups , these two were exam ined more closely
w i t h  respect to  the cor responding  f rozen  chich:cn group . In no case was
an i r r a d i a te d  grouP rican found to be sufficient1~’ lower than the frozen
group to war ran t  f u r t h e r  scrut iny .

2. TPP !: f fect  ( r e la ted  to the % un satu ra t i on  of enzyme wi th  c o f a c t o r ) .

~bo e f fe ct  of diet was fouin l on TPP e f f e c t .  There was a s ign i f i c a n t
e f fec t of v i tamin leve l in t h e  males only on day 7 (P = 0 .004) .  Inter-
actions appeared in the males on day lit (P = 0 .04) and female s  on div 7
(P 0.05). Thus the TPP effect appeare(h to he u n a f f e c t e d  1w d i e t  or
thiamin status.

• DISCI gSION

In the  present stu dy , absolute ETE enzyme activity rather than
~
‘ stimulation by cofactor was the more sensi t ive index of thiaruin
status. ETg in deficient aninals had dropped to 20—25 of that present
in non—deficient animals. The responses of animals  repieted with low
th t i a ru i n  intake were significantly less titan those of animals  rep ieted
with b ig ht vitamin Intake . ETI activity in the marg ina l  th iamin  groups ,
thus provided valId test systems for t h e  nresence of an t i t h i amin
substances. No evidence  of any thu i an in  an tagonism was detected .

ETK activity in thinmin deficient rats increased 2—3 fold within
7 clays during repletion , bit t still avera:~ed approximately f0~ of the
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;u c t i . v l tv o~ n o n — d e f i c i e n t  an imals .  Those f a c t s  In d i c at e  t h a t  t in t  a l l
of the decreased FT1 a c t i v i ty  In de f i c i en t an imals  was due to an
lu te  loss in enzyme . N earl” ha l f  of the enzym e remained c i r c u l a t i n g
as inac t ive , but  In t a c t , apop rotein , ready to he r e a c t i v a t e d  b” the
app earance ( in  vivo) of the v i t amin .  The slower rise in ETY act~ vitv
a f t e r  the  f i r s t  ~-‘eeh : of r ep let i on  is presuirtahuly lii i ted by red cell
turnove r rare , i.e. maximal PTI activity would not be at tu ne d u n t i l
new er vthr n c”t e s  rep laced  a l l  those circulating red cel ls  wh i ch con-
t a ined  reduced FT~ apon ro te in .

In v i t r o  a d d i t i o n  of th i a m i n  pyr oph iosp h i a t e  c o fa c ro r  react  i”ated
the apoenzvme l i t t l e , if any . The small TPP e f f e c t s  ~-;erc at f i r s t
d i sc o n c e r t i ng ,  b u t t  t he  phenomenon is not w i t h ou t  precedorce  (9)
Br in  (1 ( i )  b ias po in ted  out that  TPP s t imula t ion  max’ not a lways ~~
elicited in h ieno l”sates  of rat  e rv throcvtes  and t ha t  it varies
greatly among different strains of rats (11). The snail , varIable
reactivation bY TPP in vitro appears to be due to a labilit y of
ano t ranske tol a se  upon henolvsls of the red cells (HcCo~m , E.L. and
~

1 .G . Rusnak, unpui’l Ished observations). The reasons for this apparent
lability are not known bu t t  are c u r r e n t ly  tinde r investigation In this
lah’oratorv . Thin magnitude of the TPP e f f e c t  is grea t ly  in f luenced  by
sampl ing,  h and l ing  and s torage procedures .

Thermal process ing is known to cause destruction of vitamins.
Table 3 reveals  t hit  gamm a i r r ad i a t i on  is also d et r i m e n t a l  toward the
t h u i n n i n  content  of chicken.  Fiect ron i r rad ia ted  cI;ic~ en fa red  be t ter ,
b u t t  did not re ta in  as much of the vitamin as the  f rozen  con t ro l .
h !o~iever , the d e s t r u c t i o n  of th iamin (75% in therma l and gamm a i r ra b ia ted ,
3O~ in e lec t ron  i r r a d i a t e d , relat ive to f rozen  cont ro l )  d id  not r esu l t
in an t iv i tan tr i  substances.

CON CLT T SIONS

1. Under  the condi t ions  of these s tud ies , ETI enzym at i c  a c t i v i ty
ra the r  than TPP e f f ec t  was the more sensi t ive  ind icato r  of thianin
s tat u s ;  ETT~ activity was highly dependen t on the amount of dietary
thiamin while TPP effect was largely unaffected .

2. Thiamin—deffcjen t rats were repleted wi th semi—puurifjetl diets
or diets containing chicken (frozen , thermally processed , gamma irradiated
or electron irradiated). No difference was found among the groups in
growth (weight gain) or FTK response. Specifically , neither gamm a, nor
electron irradiated chicken had a detrimental effect on thiar’in status
in ra ts , compared to ra ts  fed non—ir rad ia ted  (stored f rozen)  test meat .
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Figure 1. T)av_rn_Day Precision of (‘,— 3— P Internal • 13
Standard s

Figure  2. Day— to—Day Precision of Control hlenolvsates 14

Figure 3. Growth Curve s , Males , Phases 1 and 2 i s
Gro ups A and R

Figure 6 . Growth Curves, Males , Phase 3, Groups A 16
C and 1)

Figure 5. Growth Curve s , Males , Phase 3, Groups A /
E and r

Fig ure 6. Growth Curves, Male s, Phase 3, Groups A 10
G and 11

Fig ure 7. Growth Curves, ~!alcs, Phase 3 , Gr oups A 19
I and .1

Figure ~~~. Growth Curves , Males , Phase 3, Groups A 2~
)

K and 1.

Figure 9. Growth Curve s , Females , Phases 1 and 2 21
Groups A and B

~igure 10. Growth Curves, ~enales, Phase 3, Groups A 22
C and P

Figure 11 . Growth Curve s , Females , Phase 3 , Gro ups A 23
L and F

Figure 12. Growth Curves, Females , Phase 3, Gro u ps A 24
G and hI

Figure 13. Growth Curves, Females, Phase 3, Groups A 25
I and J

Figure 14 . Growth Curves , Females , Phase 3, Groups A 26
K and L

Figure 15. Transketolase A c t i v it y ,  Males , Day 7  2 7

Figure 16 . Transl’ntolase A c t i v i ty ,  Hales , Day 14 20

Figure 17 . Tran sketn lase  Ac t iv i ty , Males , D~ v 27 29

APPENDIX A
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Figure 18 . Transketolase Activity, Females, Day 7 30

Figure 19. Transketolase A c t i v i t y,  Fenales , Day 14 31

Figure 20 . Transketolase Activity , Females , Day 27 3~

12 

—‘— —- .— . .  -. .—- .  .—...- —-— .—.-- .—~~~—~-... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _--~~ ... .- —.———— - -. -.~~ .—— -... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- d
•1 •~ 2 •I C *‘ 0
C CM ‘7 C” 

—C I . I . I

~ C ‘
‘7 C CM C — C

I I I

I I I I I
- -

I CM

I I I
I I I I

- C
I I i I CM

I I I I

I I I I I

I I u
I I I I I
I I I I

I u I CM

I I I I
I I

I 
I

I I I I —

I I I u I —
I I I~~~~ u u I

I I I I ~~I I C
z

I u I I I I —
I I u

I u I
C

_ _ _ _ _ _ _ _ _ _ _ _ _ _  

L~~~1 

~~~~~~~~

N
I /i i i 

‘ ‘ C M

I u I
I I i  I i

S~~~Ufl ~1V4~ 7

13

i

_ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



d d~~~.P.C . P.7 CU C#~ CC ‘7I.. . . I~. CM
CM Cfl CM V~ —

I. —o •~ C1’C I • • I C M  I
I~ CM — CM I-. CM

C • I~ C • ~~~CC C I > C lo e  • • • CM
U X C U U X C  U U X C U

I t I / I  ~~~~~~~ I —

I I I / I I ~I I I \ I  I ‘ / I  CM

• I I I I I

I I I I I

~~~~~~~~~

• 

I

I

~~~~~~~~~~~~~~~~~ I T ~~~~~~~~~~~

H
~~~~- :  :~ :~~ ~
K

~~~ TW/fl i - Y~L~~

14 

--



__________________  -. ‘ -r - -
~- ~

—‘
~~“- 

—
~~
-. ---

~~
-‘- -- -r — -~ — .  - ---~ - - -~~~ ~-—.—~~~~ - r ~~~ - -

• - - -—— —.— -‘ 
7 .

j 
~

I I I I I ! J I I I I t I IH C ?

Itwel./ ~~~~~~~ ~LV~I NV~~.

15

____________________________ ______________________ ___________________ ~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I I I I I I I I I I I I ‘ I  I I I I I I I I I I I

~WC~~ ~SiIt3I~iII iva

16

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •.~~~~~~~~~~~~~~~~~ ‘-•--‘ - - - - - -~~~~~~~~~~~~~~~~~ .— ...-‘•~ 



rw--
~

. ___~~
___ .

~.____  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

C-
C

- ~~ CI

~~. <

~
‘ C M  C

C
C C  C
I.• C

• C
I J r ~ CM . C  C.

—
-t C.. C.

C C- I- -
7 1.. 1.

~~~~~~~~~
—• C.

I I I  C I I I  I ! I ~~~~ I I I  ! I I I I I ~~~~~~~~~I I~~~ 

C

• $J.HJ131i j.V~ NV1~

17

- -‘ -

~

‘ -

~

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~~~



r _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _

\\\ C

\ \ \

~~~~~~~~~~~~~~~~~~~~~~

— C-
L

~~~~~~ S~II3Iah LV~I

18

L-____ 
_  

- 

_  — --- -- - - ‘.. —---.-—-•• - .-.•- --—-- • - -  - -
----—- —- ..— -.— ~~-‘•-—.~~~~ - .--— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



J~~

- C

\.
—

III
C. .•

C

C 
\
\ ‘

I I I I I I C I I I I I I I I I I I I I I I I I

C C C C C 0 0 C C C C C C
C ~~ .~ .1 C C  C ~~ CC ‘7 CM C ‘C
C C” ‘ C’~ I ~~ CM CM CM CM CM — —

su~vi2 1
~~~~~ j~~~ 1.v~ NV~ H

19 

- -.-- .- ‘ —-.~~~~~~~~~~~~~ ~~~~~-~~~~~~~~~
,-~~~~~~~~ - - - - - - -



-•

\~~~

‘

\\ \
C

III
•

~~~~

~
L I I I I I I I I I I I I I  I I I I I I I I I I I

LV~ NV~D~

20

----

~

--- -

~

..-- ._.______ ___ S__ i_ i__ 
— - _~~~~~~~~~~~~~~~~~~~~~~~ f -

~~~~~
--S..,--- 

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
.4



-.__—~ --- - -— • --~ -_~ —-—--—‘•_~ — ‘-.. --

I I j I~~~~~~~~~~~~~~~~~~~~ I I I ~~~~~~~~~~~~~ I~~~~~~~I 1~CICV.1 8 
~~~~~~~~ ~~~~~ NV~~

21

~ 

.. .____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-, - 



-

- ii ~~~~~~~
_
~

’
~~~~~~~~~~~ 

__

C
I-.

S

.

C

z
C

\\\ ~ d

I ’  — ‘C
C- ~

— ‘C C.

C C  C-

Ii~~

. - \ \  
-

~~~~~~~~~
.

1~~~~~~ \\\

CC

U

‘
~~~N~~

I I I I I C I I I C I I I I j
C C C C C C C 

—

‘7 CM C . ‘C
CM CM CM CS — —

s,Ie~~~ 
4 SJH~)I I1i LY~J ~TV~li’~

22

_ _  _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _  

--- .
~~~~~~•



T~~~~~ -~- ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CM

\..,,,
,

~~~~~

CM

-C

~ 

I
C C C

— C ‘
I~ C” CM

— 5C.C... - . C IC
C. C C — CI

‘C ~ ‘S -z
I ~ 

, C-
C C C
C C - h .

C-
~~ C.

• ‘ I
I 1..

• S
< C - C - . U

S \\

• CS -

C.
• C

I I I I I I .1 C I I I I I I.~

uime~ 7I s~.iI n~z-i 1V8 NV~1~

23

— . .. .~~~~~ -. ~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~ . ‘ ‘

~~~~
.-•, — —~~~~—— ~~~~~~~~~ ~~~~~~~~ ~~~



- ——.- ‘

~~~~~

—‘

~~

-“

~~~~

-.
~

S

‘ eq

ea~ 
1
~~ u~i~~ iY~ NV~~

24 

_ _ _ _ _ _ _ _ _ _ _ _



_________  _ _ _ _ _

C~~ ’C~~I . _ ~~~_.~____

CS

C
’ C

S

i l l  :

V ‘C

I I I I J I 1 j I I j i l I1 ~~~~~~~~~~~

• SIJWWI 1.V~I NV4I~

25

________ ~~~~~~~~~~~~~~~~~~~~ —-~~~~~~~~ . . ,  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ - - ‘ - “ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



7 . -

~\

\ \  \
\ \  \ ‘7

.5

,

C

\ \  \
\\ z
\ \ \ C

\ \  “5_. I E -
~

~~~. J~ z~~~ ‘V
I I . 1— C-. C
I f  C I C- CC

I I..
\ ~ I I C
I C ‘C
~ C —

IC

\ \  \ .

I t  I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C~ V1~ ‘S~ II ) I~~t .LVd

26

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
—- .L,. ~ ~~~~~~~~~~~~~~~~~ —~ -——~~—~ —-



____________ -5--- -.. --‘—--5— -~~~

~~~~~~~~~
_____________________________________ C

I ~~~~~~~~~~~~~~ !~1I 0 7 .

C .7

.I
.
~ ~~~~~~~~~~~~~~~ ~3H 

I 

Uj H. 
I H!

I. C.. “.C
______________________________________________ C
F I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Sc

I • C-

I~4 —

D5I U (/f l I  - ~ tALI.3V ~SV tO~L35SNVU s’4•~ 4

27



__

______________ _ _ _  

fi
I 

_ _ _ _ _ _ _ _ _ _ _  _ _ _

~Li

F- ~~~
F L

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

L

C

I ’ L  ~~~~ C - .

I 

~~~~~~ 

_T~L~[!~1 !U
C- 07 CM

CM -
0 d

3q~ 5X/flI - A.LIALL3Y ~SY1~~~~ ISNVtL NV~,4

28 

5—-- .- ’ - .5-- -5 5’  —~~~~~~~~ -~~~~~~~~~~~~~~~~



_ _  -5 —-5” - - ’ 
~~~~~~ T — -‘- --5-5—-..-5

~

- - 5

i

I- ~~~~~~~~~~~~~~
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~ i~ r

I- 

_ _ _ _ _ _ _ _ _ _ _ _

F 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I I C-
.1.. ~a C O

I I — -SCI I

I 

~~~~~~~~~~ 1t~~.
— o_ - t.

F 

I 
7

7

I’4 —
d

~~~ 
- LLL~LL3V ~SV1OL~)IS~WLL

29

_ _ _ _ _ _  

t

, -5,,, _ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



.---
~ 

— ---- - --—
~~~~~

-55-_--- - --.’-5.- — - - 5 -’ 5--- -——- — — -  -5 —--—---‘.S-5.’

F-H_ —__

H________

~~~~~~~~ 
-

~~~~

~~~~~~~~~~~~~~~~~~

HI~~A ñ

I

;’
~~~ f l 4 /f l I  - 1.LIALLZV ~ s ~:~~swv~~t

~0 



-- “~~~~~~~‘ I ~~~~~~~~
5-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

‘—- 5-5—

C

I 
_ _ _ _ _ _ _ _ _ _ _

I 
~~~~~~~~~~~~~~~~ ;i

~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1
1.1 7. 

~~~~~~~

•

_

I — 0 ”’.~~ C

L 07 
- CC C C C

C
I. LI —

C 
C O O

I • 0 7 C M
CM —

0

~g1 — ~~IAIz~v asYIos25~Issv1L sv~~

3] .



‘5.- -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ C.

I 
_____ •‘ 1 .j ~:

~~~~~~~~~~~~~~~~~ 
j E

F—:

- ~g~j 
-u I/ni — A.LIAI~~~Y ~1S L )IS5V~LL 5Y~~S

32 

—-5 5- ,.- ’- -  --—



- . -.5 --‘--5  .~~~~~~~~ 
-‘ - “ C  -

r

Page

Table 1. Composition of Diets • 34

Table 2 . Schedule and Diet Codes for Antithiarfin Studier,. . . . 35

Table 3. ProxImate Analyses , Calcium , Phosphorous and 36
Thiamin Contents in Chicken Test Meats

Table 4. Thiariin Contents of RepJ.etton Diets 37

Table 5. Growth of Thian in—Def ic ien t  Rats Repleted 38
with Semi—Pur i fi ed  or Chicken—Based Diets
(Males)

Table 6. (‘.ro~
,th of Thianin—Deficient Rats Repleted 38

with  Semi—Pur i f i ed  or Chicken—Based Diets
(Females)

Table 7 . ‘sean Daily Wei Cht  Gains of Male Th iamin—Defic ient .  . . 40
R a t s  During Repletion wi th  Semi—Pur i f ied  or
Chicken—Based Diets

Tab le 8. Mean Daily Height Gains of Female Thiariin— 41
Deficient  Rats During Repletion with Semi—Pur i f i ed
or Chicken—Based Diets

Tab le 9. Sunnar’~ of Ervthrocvte  Transketolase Activi ty 42
in Thianin—Deficient Rats During Repletion with
Semi—Purified or Chicken—Based Diets

Table 10. Summary of Thianin Pvrophosphate Stimulation 1,3
(TPP Effect)

Table 11. Analysis of Variance Significance Levels . 44

APPFN DIX B

33

S.- - -- -

- - -.‘. - . C-~~~~~~~ .- ~~~~~~~~~~~~~~~~~ 
-



‘• ‘
~

‘ - ‘ — -

TAB LE L Compocition of Diets

Semip uri f ied Cb~ ck en
1 1

Chicken (dry weigh t) 1 — 35. 0’

Cae.in~ vita min free 2 1 . 8  —

Lard 8. 8 —

Corn Oil 4.4 -

L— cy.tine O •2 0 .2

Vitamin mix2 2.0 2.0

Cholin, chlori de 0.2 0.2

Mineral iiiix 3 4.0 4.0

Caroloce 58.6 58~~
100% 100%

1Lot Libeled “Prod 3” and “Prod 3A.

2The vitamin premix wee made up in a celluloee carrier and con t ributed
to the final diet the folloving vitamins in mg/k g: gela t in co at ed
retin al (500 lU/mg) 26; Choleca lcifer ol (400 tJ / mg) , 5; DL— n— tocophery l—
acetate powder (250 lIJ / g) , 440 ; Men adione — sodium biqu lfit e  t rihy d rate
1.0; Riboflavin 10 ; Pyridoxine • SCi 20; Niacin 60 ; Ca — D— Pantothen at e

5 30 ; Pou t Acid 2 .0 ;  Biotin 1. 0 ; 8i~~. 0. 1% tri tura te , 30. Thl amin . HC1
was incorporated into a second premix and added to th e diet s to achieve
the specified levels.

3The mineral mix contributed to the diet the following salts: in g/ k g :
CacO 3, 4 . 78; CaRPO ,, 22 .21; NaI4CO 3, 1.164 ; M aC i , 1. 494 ; K Z SOh , 6 . 728;
MSSO,. 2 .99 1;  ~S% SOh . H 2 O , 0 .23 8;  in mg/kg:  ZnC O 3~ 3 7 . 6 ;  RI , 0 . 3 3 7 ;  PeS0~~. 7R2 0 ,
292; CuSO h. 5 52 0 . 33.2 ; Ma2SeO3, 0 . 3 3 ;  C r (A c e t a t e ) 3 . H 2 0 , 4 . 78; MoO 3 .  1.51 ;
COSOh . 7 82 0 , 4 •7 9 .

34
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TABLE 2. Schedule and Diet Codes for Anti th ia mi n Studi a~

PMAS E LENGTh OP P 1ASF~ DIET GROUPS

I .  (Quarantine) 1 week A

2. (Dep letion) 14—16 days A~B

3. (R epletion) 4 weeks A , C —L

TMW’fIN LEV EL
DIET COD E DIET tst/~~~ dry weight

A Semipurified 20.0  (non def ic ien t
control group)

B Semipurified 0 (deficient die t)

C Semipurif ted 3.0

D SerIipur ified 20 .0

Chickan—Contai nth~ Di cta

E 1ro~ en Chicken 3 . 0

F Fro zen Chicken 20.0

C Thermally Proceeae d 3.0

II Thermally Proca~aed 20.D

I Camaa Irradiated 3.0

.1 Gaimaa Ir r adiated 2 0 . 0

K Electron Irradiated 3.0

L Elictton Irradiated 20.0

35
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TABLE 4. Thisain C~~tsats of ~epletj om Diets

Thiami~

~,g/kg vet weight1 pg/kg dry weight 2

M e a n ± 5 ~~
3.0 mg/kg Diet s

Froiee~ 1.82 z 0,19 3.0

Thermal 1.68 2 0.16 . - 2,8

c~~~~a I rr adiat.d 1.71 ~ 0.18 2.6

Electron Irradiated 1.88 2 0.06 3.1

Semi—pu rifi ed 3.38 ± 0.08 3 .4
20.00 g/k~ Diet,

11.6 2 1.9 19.0

Thermal 11.6 2 2.0 18.8

C~~~~ lrrad~~~t.d 12.6 ± 1.3 20.2

Electron Irradiate d 14 .6 2 1.3 24 .2
Semi—purified 22.7 2 2 .3 22.7

3fliCrobiologtcal aaea y
2Calculpt,d by esti.agi~g the moisture conten t of each diet on the baa t , ofthe or(g1.m.1 pr oximate analyses of the teat mea ts (moat diet. contathed351 dry weight of the re spective teat ma st).
3
~wo sampl es vers removed fro m each diet. Each of the.e yes extr acted sadclasped at three dii feren t dilution s. The means and ~~s of each set of sixvalue, ar e pre sented .

- 
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TAZLE 9. Ss~~~ary of Erytbrocy te traneketolase &ctivtty in Thiamin—Deficient Rats
During Rep letio n w it h Semi—Purified or Chic ken—Based Diets 1

Semi—Purified Froc en Therrta l Gamsna E lect ron

Day of
Repletio n Males — 3 mg t h i an in /k g

7 0.17 ~ .04 0.17 .02 0 .16 .03 0.17 .03 0.17 .03

14 0.23 ± .03 0.20 .02 0. 20 t .03 0.20 .02 0.20 .32

27 0.21 .04 0.19 ± .02 0.20 .02 0.18 .02 0 .2 0  0 .01

Males — 20 eg th iamin/kg

7 0.20 ± .04 0.19 .03 0 .19 .02 0.21 .03 0 .24 .06

14 0.25 ± .03 0. 24 .02 0.26 .04 0.27 .03 0. 26 .35

27 0.25 .03 0.26 .03 0.26 ± .03 0.25 .03 0.26 0 .04

Females — 3 m~ t hiaoin/k ~

7 0.15 ± .04 0.15 .02 0.16 .01 0.15 .02 0.16 .02

14 0.18 t .02 0,20 ± .03 0 .21 ± .02 0.20 .05 0.19 .02

27 0 .22 ± .03 0.21 ± .04 0.24 .06 0.23 .04 0.23 ± .03

Females — 20 ssg th iamin/k g

7 0.17 ± .03 0.18 .02 0.19 ± .03 0.18 ± .02 0.18 .02

14 0.21 .02 0.22 .03 0.22 .03 0.21 .03 0. 21 0 .04

27 0.24 .03 0.25 .02 0.26 2 .04 0.25 0 .04 0. 25 ‘.36

1 1U /&.. r.d cells; sean 2 S.D.

42

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _



_ 
5 

-

~~~~~~~~

TABLE 10. Si.~~~~ry of Thiamin Pyropho .phata Stimulat ion (TPP E f f e c t ) 4 4

GRO UP MALES ?82tALES

DAY O DAT O

A Mean 5.47 1.56
S.D. 4.59 3.46

B Mean 16. 79 1.39
S.D. 17.47 4.81 -

Day l Day 14 Day 27 ~~~~~~~~~ Day 14 Day 27

A Mean 1.76 5.53 5.88 2.26 4 .85 2.45
S.D. 3 .17 2.03 4 .22 * 3.58 0.84 4.06

C Mean 1.89 2,17 5.74 4.01 3.86 2.39
S.D. 3.44 2.84 2.22 6.62 4.05 4.18

D Mean 3.20 5.85 3.95 3.51 4 ,83 4 .80
S.D’. 3.72 3.78 3.60 4.37 3.17 4.08

E Mean 2 ,64 7.35 4 .84 6.13 4 .31 5.68
S.D. 3.99 3.92 3.15 5.48 5.88 3.92

P Mean 1.26 5.35 5.36 3.79 3.00 4.68
S.D. 2.63 3.31 2.99 4.71 3.16 3.52

G Mean 6.57 5.28 5,17 1.52 4.22 2 .80
S C DC  5.98 4.06 2.79 3.37 4•53 3.28

H Mean 1.35 4.85 3.18 2.54 3.71 5.33
S.D. 3.00 3.01 2.79 4.95 3.37 3.14 4

I Mean 4.15 3.68 5.06 3.58 2.29 3.89
S.D. 4.43 3.95 4.73 3.24 4 .34 4.57

.1 Mean 1.37 3.33 4.73 2.52 3.06 2.56
S.D. 2.48 3.35 2.75 3.52 3.34 2.97

K Mean 4.37 7.95 4.51 2.30 3.80 3.89
S.D. 6.03 4.83 4.29 3.98 4.02 5.38

1. Mean 1.31 5.34 4.55 8.14 3.17 3.43
S.D. 2.69 4.66 3.95 6.25 3.44 4 .28

*A11 st isiulatton values are •xpress~d cc perc ent.
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TABLE 11. Analysis of Variance Significance levels ’

~‘ara rs eters Food V i tar s i r. l n teroc tj c ’ n

Males

Day 7 ETK 0 .03 0 .00 , 0 .~~’
F,TK St±rs 0.05 0.00 0.63
TVP E f f e c t  0.54 0.00 0.10

Day 14 ETK 0.37 0.00 0.0~
E11( Stim 0.50 0,00 0,16
TPP Effect 0.15 0.92 0.04

Day 27 ETK 0.43 0.00 0.55
ETK Sties 0.52 * 0 .00 0.38
TYP Ef f e c t  0,94 0 .30 0 .5~

Females

Day 7 ETK 0 .3 5 0 .00 0.90
ETK Stim 0.52 0.00 0 .98
TPP Effect 0.14 0.56 0.05

- Day 14 ETR 0.02 0.00
ETI( Stim 0.05 0.011 0.64
TVP Effect  0.60 0 .83  0 .85

Day 2 7 ElK 0.32 0.01 0.94
ElK Stim 0.32 0.00 0.39
TPP Ef fec t  0. 49 0 .6 3 0 .31

values obtained by ANOVA on five food groups , two vitarsin levela.
(Groups C through L).

Erythr ocyt e  tr ans keto lase ac t iv i ty .
ElK—Stimulated , ElK activity in the presence of added thiacin pvrophosphate
co—factor.
TPP Effec t , 1 increase in ElK due to added TPP.
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