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. As par t  of a large scale program in i t i a t ed  to evaluate the use of 
radiation i n  food preservation, human feeding studies of the nutritional. 
aepects and possible toxic e f fec ts  of i r radiated foods have been con&lcted 
periodically on the Metabolic %search W a r d  of the U. S ,  Army Medica3 
Nutrition Laboratory (1,2,3,4). 
the acceptability, d iges t ib i l i ty ,  available metabolizable energy, and? 
t o d c i t y  of some 42 d i f fe ren t  foods s t e r i l i zed  by.ganm?. radiation am% sW&d 
frozen u n t i l  use have bean completed (1). In  addition, o m  irradiu*d food 
(pork), stored a t  room temperature f o r  approximately one year, was evauated 
in a short-term feeding study (4).  Thus far them have been no discem&b& 
toxic effects  a t t r ibutable  t o  i r radiated foods, whether stored froz-agt gI$ oe&. 
ambient temperature, Differences h acceptabili ty of some of the fo& i%m 
have been noted in previous n p o r t s  (3,b). 

To date, four human feeding studies g'p 

The present repart  describe8 the resu l t s  of the s h t h  and seventh short- 
term human feeding studies of i r r a d h t e d  food item. Eighteen different 
fooda were tes ted in these studiea, a l l  stored a t  room temperature for approx- 
imately three months after irradiation. This brings the number of food items 
t h a t  have been i r radiated and stored at  room temperature pr ior  to b s t b g , t o  
a t o t a l  of nineteen. 
a t e r i l e  and nontoxic i n  animals pr ior  t o  use. 

A l l  of these foods were found t o  be bacteriologic- 

METHODS 

Test Subject8 ',. 

Thirteen young men served as t e s t  subjects i n  the present studies; six 
of them participated i n  both tests. 
had volunteered f o r  this program as a means of f u l f i l l i n g  t h e i r  Selective 
Service obligation, 
had passed a careful  medical exvninat.ion pr ior  t o  admission. 
study, the men l ived  on the Metabolic Ward. 

They were conscientious objectors who 

A l l  of the men were between 20 and 23 years of age and 
During the 

General Plan 

Each study was  approximately 30 day8 in'length. During November. 1957, 
each of ten subjects received an irradiated food d i e t  f o r  two 7-day period8 
al ternat ing with two control diet  periods. 
i r radiated d i e t  during any one period while the other subjects were receiv- 
the control diet .  

H a l f  of the group was on the 

During March 1958, each of 9 subjects received an i r radiated food d i e t  
f o r  one lS.;day p d o d  and a control d i e t  during the other period. Again, 
the subjects were divided in to  two groups, each group received i r radiated 
food f o r  one of these periods while the other received the control diet .  

Thus, each subject was given irradiated food f o r  1s days and served 
as his  own control f o r  the other 15' days, 
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procured l o c a l l y ~  c :  

Since these were not balance studies, every attempt was made t o  
serve the food items i n  forms t h a t  would be most acceptable t o  the 
subjects . 
Bacteriologic and Animal Toxicity Tests 

All cans of processed food, both control and i r radiated,  were t u sbd .  
The raw foods, white potatoes and oranges, were sampled a t  random. 
i r rad ia ted  coleslaw was sampled by random selection of several  polyethylene 
bags. 
and was not tes ted bacteriologically. 
and i r radiated w e r e  tes ted by random samplings. 

The 

The control coleslaw was prepared from cabbage purchased loca l ly  
The cans of f lour ,  both control 
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Each sample was tes ted  f o r  s t e r i l i t y  by the following procedureat 
After mixing, approximately 1 gram w a s  placed in each of four tubes of 
f l u i d  thioglycolate medium. 
a t  70°C. f o r  30 minutes t o  destroy vegetative bac ter ia l  ce l l s ,  but not 
spores. All tubes were then incubated a t  37OC.  and observed f o r  e ight  
days. On the bth day of incubation all tubes w e r e  subcultured t o  f d g h -  
thioglycolate medium, and smears =re prepared. 
incubation samples of both or ig ina l  cultures and subcultures were-ag&i-n 
examined by G r a m  stained smears and subcultured on 5% blood agar plaws.  
A l l  m a r s  and cultures were negative. 

I 

Two of the tubes were placed i n  a w&r bath 
A? 

On the 8th day of 

,ExotoAn assays were performed i n  the following manner: To 10 gram 
. of each food sample was added 10 t o  15 ml. of s t e r i l e  d i s t i l l e d  water, 

and the material  shaken f o r  10 minutes. 
was then injected intraperi toneal ly  in to  each of f ive  CF-1 white mice 

One-half ml.  of the supernatant 
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Tes't foods, both i r rad ia ted  and control, w e r e  received through the 
Quartermaster Food and Container Ins t i t u t e  f o r  the A m d  Forces, Chicago, 
I l l i n o i s .  
subjected t o  varying doses of gama radiat ion a t  e i t h e r  Xdaho Fa l l s  o r  
Dugway, Utah, and subsequently stored a t  mom temperature approximately 
3 months pr ior  t o  testing. 

During November X957, 8 different food i t e m s  were tes ted (Table I). 

Most of the food items were canned; half of each l o t  was 

All t e s t  foods, both i r rad ia ted  and control, came from the same l o t ,  
except control potatoes which were procured locally. Three .rotating . 
menus w e r e  used, which su  pl ied approxhately 80% of the calor ies  from 
i r rad ia ted  foods (Table 2 P 

During March 1958, 4 di f fe ren t  food items were tested, four  of 
which were a l s o  fed during the previous atudy (Table 1). 

potatoes and cabbage (for coleslaw) which were procure$ locally. Again, 
three ro ta t ing  menus were used, with approdqttely 80% of the c a l o r ' h ~  
befig derived f r o m  i r rad ia ted  foods (Table 3). 
were used t o  supply the balance of calor ies  i n  both studies, were ' ' 

A l l  test foodr, 
* .- -c both i r rad ia ted  and control, came f r o m  the saqe l o t ,  except control 
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. .  . . .  
.:.]wigbing 20. to-.25: grams; ,..All. mice. we'm :,*o$seryeil for np'.cighttfirg.pe 
1 and .Are then: again, .injected .intrsrpdriterneUy'.uith 0;2:;@~, o f  $fLa .." i .  . ,  I .  

. .thioglycoXate -cul tures .  and. o\ijc&& for '  Pnother,lperiod.' of.' 9 o$f days. .',' 

' 

None of the mice suffered a n y ' i U  e f f e c t s  from the . injections of e h r a c t s  ' 
. .  ' 

o r  cultures from irradiated food samples. 
' 2 . 2 . .  

Chemical Analyses 

P r o a a t e  chemical analyses were performed on random sampler of the 
individual test  foods, both control and irradiated.  
were those of the A.O.A.C. ( 5 )  as util-by t h i s  laboratory. 
calorimetric studies were done by a standard method as modified by 
Cleland and Harding (6). 
acid reactants (7), carbonyl containing compounds (8), non- ro te in  
nitrogen (9,10), and the content of several  vitamins (11,12 P were 
performed on these samples, 

Anplytical methods 
Bomb 

In  addition, determinations of thiobarbiturf<c 

Cl in ica l  Examinations 

Pach man received a physical. exadnation, electrocardiogram pnd 
chest x-ray before and a t  in te rva ls  af'ter each i r radiated food study. 
subjects were weighed each morning upon arising, 
repsirat ion and body temperature were meamred several times daily. 
Each man was  encouraged t o  report  any symptoms which might have bearing 
on the tests. 

The 
Blood presrnre, pulse, 

Clinical  Laboratory Tests 

&fore, during and a t  in te rva ls  a f t e r  feeding of i r radiated food, 

Hematology: 

the following c l in i ca l  laboratory tests were carried out: 

hemoglobin (13), hematocrit, t o t a l  and d i f f e ren t i a l  
white blood c e l l  count (a), 

Liver function: 45 minute brornsulfalein retention (151, both 
t o t a l  and one-minute serum bi l i rub in  (,16), thymol 
turb id i ty  (I&), alkaline p3osphatase (17), and 
prothrombin time (18) 

Renal. function: complete urine analysis and phenolsulfonphthalein 
excretion tests (14). 

Urinary Excretion Tests 

I n  an e f fo r t  t o  fur ther  aseess possible toxic e f f ec t s  of i r rad ia ted  
foods on humans, several urinary excretion studiea were performed. Since 
m a n y  foreign substances are frequently detoxified by the l i v e r  and excreted 
i n  combination with glucuronic acid, urine glucuronides were measured 
(19)* I n  addition, determinations of the urinary excretion of t o t a l  
ketones (20), nitroprusside-reacting substances (21), and indophenol 
reducing substances (22,231 were performed. Total urine organic acidi%y 
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. . .. .. 
. ' " '  Acceptability . . : 

Acceptability data on i r radiated foods were obtained i n  two waya. 
Several times during each feeding period, the subjects noted their 
reaction to each individual food in the diet  on the five-point hedonic 
scale developed by the Quartermaster Food and Container Ins t i t u t e  
(Table 4). 
study in order to  obtain his impressiohs abWt any differences noted 
in color, texture, odor pnd f lavor  of the food i t e m s ,  during tbs 
feeding periods. 

In addition, each man wa8 interviewed a t  the end of the 

RESULTS 

Clinical. Examinations 

Physical e x d n a t i o n s  revealed no changes tha& could be at t r ibuted 
t o  the ingestion of i r radiated food. 
remained essent ia l ly  unchanged from normal controls obtaihed prior % 
tetuting. Fluctuatlona in weight, blood pressure, pulse, qmp%ratipn, 
and body temperaturn remained within no& limits except duriag those 
periods when the subjects had seasonal respiratory t r a c t  infections, 
influenza and other unrelated disorders. 

Chest x-rays'and e lec t roca rd iog rw 
1 .  

Clinical Laboratory Tests 

The ser ies  of tests t h a t  were performed a t  various interval8 before, 
during, and a f t e r  the feeding of irradiated food showed no s i@if icant  
changes i n  any of the subjects (Appendix), 
results tha t  might be considered outside the normal range, theme variations 
did not appear t o  be of c l in i ca l  significance and could not be relolted t o  
the ingestion of i r radiated food, 

Although them were occasional 

Urine Excretion Tests 

Determhations of urinary excretion -ducts revealed no significant 
differences between the average values f o r  the control and irradiated 
food periods in the case of t o t a l  glucuronide8, t o t a l  ketones, total. 
organic acidity, and nitroprusside-reacting substances (Figures 1 and 2) 
The excretion of indophenol-reducing substances was significantly in- 
creased (p( .005) during the i r radiated food periods of $he November 
study, but, on the other hand, was signif icant ly  decreased (p  < .OOl), 
during the feeding of irradiated food in the Maych study. 

Chemical Analyses 

Proximate analysis of i r radiated and control food samples q v e d e d  
some minor differences i n  nutr ient  composition, but no consisteqt alteration8 
were apparent (Tables 5 and 6). The gross calor ic  content of the food8 
appeared essent ia l ly  unchanged as a resu l t  of irradiation. 
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foods. 
i r rad ia ted  foods containing a re la t ive ly  high proportion of f a t ,  No 
increase i n  the non-protein nitrogeneontent of i r radiated foods was 
observed (Table 7). 

Compounds contain-bg carbonyl ,groups were markedly increased in 

Accept a b i l i t x  

control foods revealed s ignif icant  differences i n  &'he average valuer 
of s t r i n g  beans and orgnge juice (Table 8). 
the control food was preferred. 
i t e m s  received the higher ratings, whether control o r  irradiated,  
indicating a dis l ike  f o r  these foods on the par t  of t h i s  group of 
subjects . 

S t a t i a t i c a l  analysis of acceptabili ty ratings f o r  i r radiated and 

I n  both of these instances 
In general, moat vegetables and f i s h  

I 

i '  

Individual i n t e r v i e w s  with the subject8 revealed t ha t  they had no 
d i f f i cu l ty  i n  distinguishing the feeding periods of co!at,rol and i r rad i -  
ated food, Observations of the subjecta concerning diffemnces between 
i r rad ia ted  and control food items are summarized i n  Tablqs 9 and 10, 
It i s  apparent t ha t  the majority of subjects noted diffe-mnces %n color, 
f lavor,  texture,  and odor of a l l  foods except items made with potatoes 
and flour.  These diffemnces mm more consistenZly obviona i n  the case ~ 

of green beans, corn and carrots where al terat ions in odor uere noted. , 

DISCUSSION 

I r radiated 4 ood produced no evident c l in i ca l  abnormalities when 
fed t o  the t e s t  subjects in t h i s  study. 
reported i n  the previous short-tern human feeding studies (1,l.t). 
t o  produce tox ic i ty  was fur ther  evidenced by the lack of any consistent 
changes in the excretion of cer ta in  urinary constituents which may 
r e f l ec t  a l te ra t ions  i n  ingested foodstuffs. 

Similar resu l t8  have been 
Failure 

-4 
It is of in t e re s t  tha t  i r rad ia t ion  produced few changes in nutr ient  

and calor ic  composition of the foods used i n  this study. 
balance studies, the apparent d iges t ib i l i t y  of protein, carbohydrate and 
f a t  in irradiated and control d i e t s  wem similar (2,L). 
the a b i l i t y  of the two d ie t s  t o  maintain nitrogen balance was shown t o  be 
essent ia l ly  unchanged. The decreased thiamin and ascorbic acid content 
of cer ta in  i r radiated foods used here is in accord with observations of 
other investigators. Proctor and Goldblith have reported tha t  in 
solutions of various vitamins, ascorbic acid and thiamin are the most 
radiosensitive (25). Ziporin and coworkers (26) and Alexander, e t  al. 
(27) have shown tha t  bfi the vitamin8 i n  several  foods, thiamin is tha 
most ea s i ly  destroyed as a resu l t  of irradiation. The degree of radio= 
sens i t i v i ty  of vitamins apparently varies great ly  among d i f fe ren t  food 
items . 

I n  previous 

I n  addition, 
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. <  . ' :'&thoggh there .is* evidence. t ha t  '?,rr&ation. of carbohydrates,, .' . 
. * protejae,.: w d  fats produces .certa$.n. degrk&+ion. produc$s; no uhtoward . >. * 

e f fec t s  We're detected as a r e su l t  of the ingestion of these prbducta. 
It ha8 been shown t h a t  the i r rad ia t ion  of carbohydrate produces some 
polymerization of breakdown producta, leading t o  the formation of 
products typical  of browning reactions (28). The urinary excretion of 
nitroprusside reacting substances, indophenol reducing substances, and 
ketones, which seem t o  re f lec t  ingestion of these products of browning 
reactions (231, were not a ignVicant ly  increased i n  the test subjects 
during the i r radiated food periodse 

Fat soluble carbonyl compounds and thiobarbituric acid reactants 
are generally increased i n  foods subjected t o  i r rad ia t ion  (28). 
of analyses of the foods used i n  t h i s  study a m  i n  harmony with theW 
observations. Alterations i n  proteins are known t o  occur as a result, 
of i r radiat ion,  but s ignif icant  protein breakdown, as indicated by 
non-protein nitrogen values, was not apparent in the foods teated. Thus 
an increase i n  products of proteolysis could not be deteated in theae 
room temperature stored foods following i r radiat ion,  although the dozrej. 
of radiat ion uaed are known t o  be insuff ic ient  t o  inactiwate enq#neLb; 
(29) 

Resulta 

I n  general, moat of the i r radiated foods tes ted  wrw acceptabW 
t o  the  subjects. AJterations i n  several  vegetables reeulting from 
i r rad ia t ion  wen? profound, leading t o  a preference fer the control  
food. On the  other  hand, foods such as potatoes and f b u r ,  subjected, 
t o  lower radiat ion doses, were not detectably d i f fe ren t  following 
i r radiat ion.  
of these acceptabi l i ty  datu hove been discuss6d i n  a pmvfous mportc 

Limitatgons affecting the interpretat ion and iapplicatiosafl 

(3 )  

These r e su l t s  do not preclude the possible development of toxlhC 
effects from irradiated foods when fed t o  tes t  subject8 over a mow' 
prolonged period of t i m e ,  I n  t h i s  regard, ;I long-term humnn feedin'& 
study of i r radiated food i s  planned. 
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