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INTROIUCTION 

The story of the development of food preservation is as old as the 

story of man. Cavemen and nomadic tribesmen uave little heed t o food 

preservation. They threw away the food left when their hullber was 

satisfied and searched for more when faoished . However, from the tine 

men began to settle dO\vn and have permanent homes , the need for some 

means of retarding food spoilage has been eviclent. 

Salt , at an early age , was employed as a food preservative . Drying 

and smoking, as methods of food preservation, were utilized before the 

Christian er-<> and are still in use in many parts of the world . 

The use of low temperatures as a method of food preservation has 

been applied since the time of llero when slaves brought sna.t from nearby 

mountains for this purpose. By the 17th century, atte:opts to prese rve 

food by low temperatures were made. The creation of an ice making 

machine by William Cullen in 1775 boosted this method of food preserva

tion . The first successful mechanical refri geration unit was made in 

the late 1800's; however, no commercial use was made of this discoverJ 

until the 1930 's. Freezing , an outgrowth of the process of preserving 

food with low te!llperatures, has recently been developerl and expanded. 

In 1809, Nicholas Appert invented the process of preservin [; food 

which is today known as canning. His process consisted of placing food 

in tightly corked glass jars which were then placed in a boiling lfa ter 

bath. It was not until some 5o years later that Louis ?asteur brought 

about understanding of this process by his bacteriolobical discoveries . 



Appert•s process has been i::tproved and expanded into today's modern 

canning industry. 

These rethods nentioned, while .:;rea t and valuable assets to rnn

kind , have inherent features which still leave much to be desired in 

the way of an ideal process of food preservation . Salting and nmoking 

are practical only for meats and fish, drying is time consuming, freez

inG requires equipment for stora.;e , and canning utilizes heavy con

tainers. In addi lion to these characteristics, all of these methods 

mentioned alter the food so that it is not in the fresh state. 

In lookin.; for a new and desirable ~mthod of ;>reservine food , one 

might consider the drawbacks of those methods previously mentioned . 

With these factors in mind , development of a process which could be used 

on a variety of foods, is time and eneri;y savin;; , and which requires no 

special equipment for storage would be advantageous . It is also 

desirable that such method keep the food in the fresh state . 

In 1953 the availability of nuclear ene r gy for peaceful purposes 

was announced by the President of the 'lnitec States . Since that time 

the use of radioactive I".a terial in a,;ricul ture , particularly in food 

preservation, has been under study. 

It is plausible that throu,;h this investi.;a ti ve wort. a new method 

of food preservation, which meets many of the desired ch«racteristics 

of an ideal food preservation process , can be developed . This method 

of food preservation is desi cnated cold sterilization. This is because 

the hit;h frequency rays are capable of killing rnicroor.;anisms which 

contarnina te the food . Such a process may take place at cool tempera

tures without contributing adverse chanL~s in the food. 

The studies set forth in this thesis concern the effects of 

~adiation dose on the quality anrl shelf-life of S apricot varieties and 

2 



6 sweet cherry varieties. Also included are the effects of radiation 

dose on the quality, shelf- life, and chemical changes in 2 red tart 

cherry varieties and the effects of radiation rate and dose on the 

quality, s helf-life , and color changes in 5 strawberry v~rie ties. I t 

is hoped that the pr ocess of radiation may eventually prove feasible 

for use as an additional means of food preservation. 1his will depend 

not only on the effects of the process on the products but also on the 

availability and econor.Ucs of the radiation source . 

3 



REVl &7 OF LITERA 'LURE 

According to Kertesz (9), "there is some hope that the importance 

of peaceful uses of atomic cnere;y may overshadow its application for 

destruction . A comparatively new and little explore d idea is to use 

radiation for the processine and preservation of food." It has been 

observed that various high enerey radiations can alter che,Ucal co~

pounds and kill microorganisms like bacteria and nolds , but it is only 

durinG the past decade that such information has been made use of in 

the field of food processinG and preservation. Relatively small ~ross 

chemical changes occur in products during irradiation bringing about 

profound chan,;es in acceptability of the products (20). Ionizing 

radiations used in sterilizin& foods may cause changes in flavor , 

color, texture, and/or odor (17). Certain enzyme systens are not in

activated even with sterilizing doses of radiation; therefore, break

down of the fats, proteins, and other constituents ma. occur to such 

an extent that the product would be unacceptable (20) , 

Considerine the scope of tJ1is thesis, the radiation effects or. 

quality and shelf-life of foods can be divided into five cate"ories , 

namely: flavor, texture, color, odor, and shelf-life. 

Flavor 

The undesirable flavor changes in fruits are possibly due to the 

destruction of the aromas and bouquets wh ich are cl>..aracteristic of 

these products , Proteins probably are the most important source of 

radiation induced off-flavors. ~ercaptans , sulfides, disulfides, 



5 
a:mines, and cany of the carbonyl compounds have their ori;;in in proteins. 

Sulfur containin;; amino acids appear to be the oost radiosensitive of 

the amino acids. Other objectionable flavors may also ori;;inate in the 

micro constituents of foods , such as vitamins and pigments . These are 

highly susceptible to and easily deeraded by ionizing raG~ations (22) . 

It is also thought that radialion sterilization mieht bring a bout 

a more rapid de terioration of food substances by rendering ~roteins 

more susceptible to hydrolysis by proteolytic enzymes (12 ) . This would 

be due to the fact that whenever pro teolytic enzymes are not inactivated 

and their reaction rates are accelerated a more rapid breakdown of the 

food may result. This might cause flavo r changes . 

It is possible to control undesirable off-flavor producinc changes 

to some degree (4). Color, flavor , texture, and odor of products tested 

remain unchanged when they were irradiated in the presence of a free 

radical acceptor. To prevent reactions of solutes wi~~ free radicals 

produced by ionizing radiations , certain com!~unds that will com?S te for 

the free radicals can be mixed with the solute, thus affordin.; protection 

against undesirable side effects (17). 

Aeration during irradiation of :'I"Jits and vegetables is essential 

to extend the s helf-life as well as t o retain the natural f lavor of 

fresh fruits and vegetables by supplyl.ng oxycen for t he normal res pira

tion process and at the same time re:novi.ng carbon dioxide and other 

gases 6iven out as a result of res piration and of radiation (19) . 

Texture 

Text re changes in fruit durin;; matu ration and stora;:;e have been 

associated with the conversion of protopectin to soluble pectins and a 

reduction of total pectin substances (lJ ) . As the ?Sctin materials 
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are converted to less complex units, a decrease in firmness occurs . 

Because of the importance of pectins and cellulose to the cellular 

structure of the fruit, it is important to determine the effects of 

irradiation on these constituents. It has been found that textural 

changes in fruits are directly attributable to radiation de&radation of 

carbohydra tes (22). It was also observed that some of the fraQ:Jents of 

these det;radations are reductone-like products which form brown pi
0
;ments 

resulting in discoloration of the food. 

h.'cArdle and Nehemias (lJ) found an indication of a relationship 

between radiation induced softening and the changes which occur in 

pectic substances . In their study, eamma radiation caused a decrease 

in protopectin and total pectic substances and an increase in soluble 

pectin a nd pectates. These changes were accompanied by depolymerization 

of the pectin, pectate, and protopectin molecules as indicated by a 

decrease in relative viscosity of the tl1ree fractior.s. 

Color 

Red colo r development has been found to be inhibited by exposure 

to ionizing radiations. This is thought to be due to a reduction of 

lycopene content following irradiation (3). It has also been observed 

that the red anthocyanin piQments of the fruits such as strawberries 

and cherries are easily de graded by sterilizing doses of radiation (7). 

Carotenoids appear to be among the more stable plant pi(;ments. 

Beta carotene content of ma turin_; tomn toes was unaffected by irradiation 

and increased with f ruit maturity as was found for no~l fruit (22). 

However, bRmrna carctene was affected by the irradiation, its development 

decreasine with h i,;h energy electron treatment (J) . 

Odor 

Odor molecules are altered as the dose increases (21). This may 



lead to the developnent of undesirable off-odors as found by Pratt and 

Ecklund (16). 

Shelf-life 

7 

Proctor et al. (17) state that sufficient doses of ionizing radia

tions can cestroy all types of microorcanisms. The amount of radiation 

required depends on the type and number of spoilar;e orr;anisms present as 

well as the type of food material being handled . 

Surface sterilization by radiation of food products susceptible to 

spoilace through molds will make the foods keep longer than without 

radiation (9; . This can be acconplished with only a sli{jlt rise in 

temperature--not more than 50° F. (10). 

Kertesz (9) believes that in most instances doses around and above 

l x 106 rads are required for sterilization and preservation . Variabil

ity from product to product has been found . Also, the same food may be 

capable of different types of reactions depending on the circumstances 

attendant to irradiation. 

Radiation lethality is also influenced by factors such as product 

composition, spore load, ;:ii , moisture , salt content , su car content, and 

radiation temperature . Therefore, the exact doses for each particular 

food must wait upon definite research involving large inoculated packs 

(22) . 

It appears that the treatment of foods with radiation will express 

itself first in the form of combination treatments , complementing 

rather than replacinJ present conventional processes such as canning, 

refrigeration, and dehydration (4) . 
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GENERAL PROCEUJ RE 

Four fruits were used in this study. These i nclude d apricots 

( Prunus armeniaca L., varieties Perfec ti on, Hungarian, ;n l s on Delicious , 

vtella , and Chinese), sweet c~crri~ ... (~ ovi:J.~ :..., V3!'let:~~ Iinu , 

r:apolcor, 'Yindsor, Lambert , Sch'Tliat , <J.r.d Black rartc.tr~_an~, reJ tart 

cher r1e_. (~ ~ L. , varieties ~rlv :iic:.r.1ona c.nd .... or.t ... or!:)nc 1 , 

and strawbe rries (F ra~a ria ~· :. , vari~t.os Kas~~~, Lindalici. Jw, 

Carshall, Robinson, and SjBri<le ) . 

The experimental procedure was divided into the f ollowing cate

gories: selection and preparation of food for i r radiation, radiation 

proce s s , taste quality evaluation, c he~Jcal and r.icrobiolocical chan~es 

subsequent to irradiation. 

Selection 

Food s el cc ted was of ;>r ime quality, of the sa:::e variety, '0-nd as 

far as pos s i ble, of unifo rm rna turi t;; . It wa s obtai ned fro:- ei t1E>r the 

farms of the Utah State Expe riment !";tatlon or from the Pacific Fruit 

and Produce Company, Logan, Utah. 

Preparation 

In preparat i on for irradi ation the fruit s and ve .:;etables we re 

packa .:;ed . Prior to packingin~ some foocs r ece ived a fungi static chemi 

cal treatment ( 2) , the purpose of ·nr..ich was to inhibit :nold .;rowth. 

The foods were dipped in the 1 percent a queous solution of s or bic ac id 

and packaged subsequent to drying; as fo r t.'Je untreated , the foOd '.'fas 

placed in brown Kraft paper ba,;s . I f t he foods 11ere of such natur e that 



they T.ijht be easily bruised or c~Jshed, carboard dividers were used to 

divide the ba~ into 3 or 4 compartments alonu its length. Also , cush

ionin,: rn.:.terial -~as put in tilt; bottoD of some bags for protection . 

The ba.;s were placed in number 10 tin cans, and the cans were then per

forated at the botton . This was done to facilitate normal respirdtion 

and to allow for use of air during radiation. The tops of the bac;s 

were then folded, stapled, and the cans sealed with a sealer . 

After pacYA,:ing, the cans containing the food were stored at 40° 

F. CJntil transportation by refri._;erated truck , within 6 to 12 hours , to 

the Material Testing Reactor Station near Are a, ldahe. 

Radiatio~ tec~nique 

The source of the u~mrna radiation facility was the t~terial Testing 

Reactor Station. The facility used as its fuel source Sp?nt fue l rods 

from the t<aterial Testing Reactor. These spent rods were discharged 

into a water-filled canal 18 feet deep . The rods, 6 x 6 x 2h i nches in 

size , were moved into frames. In order to stop the .;amoa rays which 

are emitted from these spent fuel rods, ~~ese frames remained under 18 

feet of water. 

In the canal in which the frames of spent rods were placed, there 

was a 20-foot vertical aluminum pipe. This pipe was weighted with lead 

and sealed at the bottom. It is ref~rred to as the U.I.A.l column. For 

irradiation foods were lowered into this column . A container known as 

an aeration chamber (fi;;ures 1 and 2) was used for lowering the food in 

~~e U. T • column. This cha:!lber was constructed fro:n a 2-foot section 

of 7-inch diameter alQ~num irrigation pipe. One enc was welded shut 

with an alumirrum bot tom and <feijhtec! l'fitr 35 pounds of lead. '!he top 

1
Named after the University of Idaho at Aberdeen . 

9 



Figure 1. The aeration chamber used to hold the can containing fruits 
during the process of irradiation 

10 
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Figure 2. Parts of aeration chamber 
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consisted of an alucinun: lid made tij t >y a rutber gasket. Into this 

lid was fastened by means of a gasket a 6-inch piece of 3/4-inch iron 

pipe . To this piece of pipe "!las clamped a 25-foot length of l-inch 

Tygon tubing . Threaded thr~u.;h this l-inch tubing was a 25-foot length 

of 1/2- inch outer diameter Tyt;on tubln_; . When 2 punctured No. 10 cans 

were pla.ced in the aeration chamber, o.ir could be forced at 10 pounds 

pressure per square inch into the cans . To accon;>lish this, l1i thin the 

chamber the air or <;as was divided with a class Y and taken by auxiliary 

tubing to each punctured can. The exhaust air escaped from the chamber 

through the space between the s:nall tube and the wall of the laree tube . 

For irradiation, 2 No. 10 cans of food were placed in the aeration 

chamber . This chamber was then lowered to the bottom of the water 

column. It was allowed to rell13in for a calculated len.:;th of time. 

Dosimeter measurements were used to calculate the dose (amount of 

radiation) and rate (len:;th o: expos:.tre to camma rays ) . Details of 

this procedure are given by Cotton and Siu (5). After the dose and 

rate ~Yere determined , they ·.1ero controlled ty t!1e dista::~ce bet~een tho 

cans and the fuel elements and the len.;th of the the cans remained 

exposed to the ,;am:na rays . To insure equal dosa;;e for both cans in the 

aeration chamber, at the end of half of the allotted radiation time the 

chamber was brought to the surface and the two cans rearrani.;ed , putting 

the top can on bottom and the botton can on top. 

After irradiation, each can of food was inspected by health offi

cia ls for the emission of radiation. In any case of sus;:>ected conta!7:

ination the product r.as kept at the center :or furthe::- study. ::one of 

the fruits used in tilis study were the1s retained. 

The food was then transported fror.1 the reactors to Lo.:;an ty 
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refrl,:erated truck (40° F.). Upon arrival at Lo,;an, it was stored at 

40° or 50° F . 

:;.uali ty evalua t:.~n 

II!VIlediately after stora,;e and at intervals thereafter, the food 

was appraised for taste quality by a panel of 10 trained judces , persons 

familiar with the flavo r properties of the products to be judt;ed . 

Jurlges 11ere fa:niliarized wit.'> the test proced'-lres by oral ex;:Jlanation . 

As su~zested by ?eryam and Girardot (14), instructions were also printed 

on the scorine sheet. For scorin,; a Hedonic scale fom su,;gested by 

Peryam and Pil,:rim (15) was employed (fi£:Ure 3) . On this scale 9 terms 

were used to describe deGrees of acceptance . These range from like 

extremely (score 9) to dislike extremely (score 1) . The judges were 

asked to report their i~diate response by tastir~ of the sample , 

spittinc it out into a waste receptacle , and immediately circlinG the 

term on the scale which most nearly described their res ponse to the 

sampl e . ;>coring was done individually, without knowled.;e of the results 

fro:n the other panel "'embers. r:o conversation, social activity, or 

other interruption was made in the test room and no psycholo.~ical 

pressure ~tas exerted on judges . 

Judcing was done in a large darkened roo:n which was relatively free 

f r om noise . A large table in the roo1o was divided into inii vidual 

cubicl es by cardboard dividers . Each cubicle was furnished with red 

illumination and waste receptacles . The purpose of the coloreti illu:nina-

ti.on was to present each Sa::lple as nearly alike visually as possible . 

:7ate r anti cro.cke r s Vlere provided for rinsin..; the mouth bet.-1een sarnJ.>les . 

Simples were prepared raw anti/or cooked , dcpendin.; on the ,>roduct. 

All preparation was done in a uniform manner so that like products would 



Name Date 

Score Sample Sample Sanple t.ia~?le 

9 Like Like Like Like 
"lSctreme l y Extremely "lSctremely Extremely 

8 Like Like Like Like 
""Very Much Very Much Very Much V ery L!uch 

7 Like Like Like Like 
Moderately Moderately Moderately Uodera tely 

6 Like Like Like Like 
"""S'li r;htly """S'li .;htly s lightly Slightly 

s !lei ther Like Neither Like Neither Like Neither Like 
Nor Dislike Nor Dislike Nor Dislike Nor Dislike 

4 Dislike Dislike Dislike Dislike 
Slightly Slightly Slightly Sli.;htly 

3 Dislike Dislike Dislike Dislike 
Moderately Moderately '1lodera tely t;lodera tely 

2 Dislike Dislike Dislike Dislike 
""Very Much ""Very Yuch """Very Much """Very J.!uch 

1 Dislike Dislike Dislike Dislike 
"""Extremely """Extremely ""1!xtremely """!xtrecely 

Comments Co=ents Cements Comments 

Directionaz Completely encircle the category which best describes your 
reaction to the sample written above the column . Then unde r 
Comments, give your reasons for rating the sample as you did . 
did. (i . e. Flavor too strong , odor not pleasant, too much 
seasonin.; , etc.) 

Figure). Hedonic Scale to estimate the acce ptibility of foods by 
sensory evaluation 



have only one variable. Each product was presented in a coded standard 

waxed cup. T~o separate codes were used with each set of samples , five 

judges receiving each code. 

After judgin£, the flavor score of each sample was obtained by 

addine the scores earned by that sample and dividing by the number of 

judees. The like responses indicate the percentage of judges rating 

the sample 5 (neither like nor dislike) or above. 

Comparison of flavor scores for foods at the be e.-innin,; of the 

storage period and after varying periods of stora;;e provided one basis 

for judging the decrease in taste quality of the food after storabe • 

Also, c omparison of the non-irradiated foods at:ainst t.'1e same food which 

received varying doses of radiation was made. This provided a basis for 

judging the extent to which radiation improved the stcrage quality of 

the food. 

Chemical chanees ~ other observations 

Color.--Golor studies were made usinc t hree methods: 

1. A Junior Coleman Spectro]Xlotorneter was used to measure 

the ligh t transmittance of cherry juice . The readings 

taken were at &alvanometer settings of 530 and 550 ~ . 

The readil1!; indicated density of the juice. 

2 . The Hunter Color and Color Difference mete r (1) (figure 

h) was used for determining (a) Rd--lurninous reflectance , 

(b ) a--redness , (c) b or yellowness to gra,~ss , and (d) 

a/b--relationship of redness to yellowness of strawberry 

color . To obtain these measures a standard "red" plate 

with readings as follows was employed : Rd e 7.3, a • 

+ 61. 5, and b • + 20 . 6 . 
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Figure 4. The Hunter color and color difference meter with the galvano
meter attachment; to the right of the galvanometer is 
Beckman's pH meter. 



). Other color evaluation was conducted visually. A scor

ing scale with five levels, from excellent natural red 

color, X, to extreme fading or color change , XXXXX, was 

employed. Foods were scored after observation . 

~.-~cidity was measured by using a Beckman pH meter . 
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~ growth.-Estima.tion of mold ,;rowth was done by visual means 

according to the followin;; index: X-no mole growth , XX--slight growth, 

XXX--moderate gr~nth , XXXX--very much growth , XXXXX--p~~use mol d 

growth . 

Softness . -softness \Vas judced subjectively by comparing like foods 

which received different levels of radiation. 

Statistical analyses were conducted whenever possible, according to 

Duncan (6) , with adjustments made as su,;gested by Dr. R. L. Hurst, Head, 

Departrne~t of Statistics, Utah State University . The least significant 

range (L .S . R. ) was obtained by IIIIlltiplyi.ne the standard error of means 

by the studentized range in Duncan •s IIIIlltiple range test . Since there 

is a small difference between the largest and small est value , only the 

la rgest and smallest are included in this thesis . The smallest value 

corresponds to the least significant difference (L.S . D.). 

Studies were divided into 4 experiments: 

Experiment l : Effec t s of :r-adiation dose on the quality and shelf- life 

of 5 apricot varieties . 

Experiment 2 : Effects of radiation dose on the quality and shelf-life 

of 6 sweet cherry varieties . 

Experiment 3: Effects of radiation dose Qn the quality, shelf- life , 

and che:nical chan.:;es in 2 red tart cherry varieties . 

Experiment 4: Effects of radiation rate and radiation dose on quality, 

shelf- life, and color chanees in 5 strawberry varieties. 



RESULTS 

Ex;?erirent l.:. Effects of radiation dose ~ the c,uali ty ~ shelf-life 

of .2. apricot varieties 

Five varieties of apricots, Perfection, Hunc;arian , 'oVilson Delici-
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ous, Stella, and Chinese (larbe Early gonto:;amet), were irradiated too, 

l, 3, and 5 x 10S rads . After 2 days of stora,;e they were evaluated by 

the penel of jud,;es . Taste scores are presented in table l. It will 

be note<i that there was no consistent decline in scores of most of the 

varieties as the radiation increased. The possible exceptions were 

l!unr;arian and Stella varieties. All varieties seened to be sl i{lhtly 

softer as the radiatio!1 dosa,_;e increased. Perfection, Fun;;arian , and 

'Tilson Delicious varieties developed brown spots on the skin when 

treated v:ith the hiuner dosa;;e of radiation . The scores indicated that 

all varie ties at all doses were 7. (like moderately ) to £' . ( (like very 

much) by the jud~s . 

The apricots were tr.en judb9d after 8 days' stor2;e at 50° F . The 

results are presented in fi~<.~re 5 and table 2 . The non-irradiated con

trols of most of the varieties, except Chinese, had not chan.;ed signifi

cantly during the week . The Chinese decreased l classification. As 

the radiation dose increased the fruits ex.l-tibited brown spots, bruising, 

and softenin.:; . However, the judges still liked the taste ":node:t"a.te ly" 

to ''ver.f !!!Uch . 11 The Chinese variety had developed rr:old at the 0 and 

l x 10S rads levels but no mold was developed at the 3 and 5 x 105 

rads levels. 



Table 1. Effect of radiation dose on the preference of apricot varieties, evaluated 2 days after 
irradiation 

Dose
5 

Perfection Hunifirian Kilson Delicious Stella Chinese 

X 10 Prefer- Like Prefer- Like Prefer- Like Prefer- Like Prefer- Like 
ence res ponses ence responses ence responses ence responses ence responses 

rads score E!:rcent score ~rcent score ~rcent score ~rcent score ~rcent 

0 7.6 100 7.6 100 7.5 100 7.2 100 8. 2 100 

1 7.6 100 7. 2 90 7.3 90 7.5 90 7.9 100 

J 7.1 90 7.5 90 7.6 100 6 . 6 90 7.1 90 

s 7.7 100 6 . 7 90 7.2 90 6.8 90 7.5 100 

L. S . R.:a 
o.os 0.9 - o.B 1.1 - 1.0 C. 9 - 0 .8 0 .9 0 . 8 - 0 . 7 

3 The L. S . R. (least significant range) is obtained by multiplyin~ the standard error of means ty the 
studentized range in llincan 's Multiple Range test. Since there is a small difference beb1een the largest 
and smallest value, only the largest and smallest values are presented in this thesis . The smallest 
value c o rresponds to the often misused L.S.D. (least significant difference) . Tnis interpretation is 
nuggested by Dr. R. L. Hurst, Head, Department of Applied Statistics , Utah State University , Logan. 
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Table 2 . Effect of radiation dose on the p:reference of a pricot varieties , evaluated 8 days after 
irra diation 

Dose Perfection Huncarian Wilson Delicious Chinese 
X 105 Prefer- Like Prefer- Like Prefer- Like Prefer- Like ence responses ence responses ence responses ence responses r-ads score percent score percent score percent score percent 

0 7.6 90 7. 7 100 7.6 l OU 7.1 90 
l 7.4 100 6.6 90 7.4 100 7.0 90 
3 6.5 90 7 . 2 100 6.6 90 5.9 80 
5 (;.6 100 6. 8 90 6.6 90 7.7 100 

L.S.R.: 
o.os 1.0 - 0.9 0. 8 0 . 8 1.3 - 1.2 



Exper.O.ment 2: Effects of radiation~.£!! the quality and shelf- life 

of ~ ~ cherry varieties 

22 

Six varieties of sweet cherries, Binc; , llindsor, Lambert, Napoleon, 

Schmidt, and Black Tartarian were irradiated at o, l, 3 and 5 x 105 r-dds. 

The Bing and Windsor were at the sta5e of excellent commercial ripeness , 

the Lambert and t:apoleon were on the ~Teen side, the Schrn:!.dt wa s on the 

over-ripe side, and the Black Tartarian was very ripe. The samples of 

sweet cherries were stored at /;0° F. and were evaluated for taste qual

ity by a panel of 10 trained judges at l day, 10 days, 4 weeks , and 5 

weeks after irradiation. 

One ~ storage after irradiation.--It can be noted from table 3 

that all varieties at all doses of radiation were scored between 6 . 5 

(like slit_;htly) and 0. 6 (like very much) . '.1ith each variety, the lowest 

score was at the 5 x 105 rad dose . The Bin~ averaged 8. 3 (like very 

ruch) , Lai:lbert , Black 'fartarian, .Vindsor, and ~chmidt avera._:ed 7 . !; (like 

moderately), while the Napoleon Tlas 6 . 7 (like slit1Jtly) . 

In all varieties, the jud~es stated that increased radiati~n dose 

gave a softer oruit, The Napoleon and Lambert varieties were so~r.ewhat 

sour or bitter because they were harvested ahead of their best eatin& 

quall.ty . 

Ten dars storage after irr<~diation.--Ta1::le 4 shows that three 

varieties , Bine, LaMbert , and Black Tartarian, decreased slijr.tly in 

quality, but re::~ained in the same taste (;roups tlmt they were in when 

evaluated at one day after radiation. Two varieties , !:apoleon and 

Windsor , decreased enough in taste quality durin;: the 10-day period so 

as to decrease a unit in the taste Group classification. The sixth 

variety, Schmidt, see!'!ed to increase in quality but remained in the 



Table J. Effect of radiation 
dose on the preference of sweet cherry varieties, evaluated 1 day after irradiation 

Bin~:; Na~1eon Black Tartarian Lambert Schmidt 'Nindsor Dose 
Pre- llke Pre- llke Pre- Like Pre- Like Pre- Like Pre- Like X l OS fer- re- fer- re- fer- re- fer- re- fer- r e- fer- re-rads ence sponses ence sponses ence sponses ence sponses ence sponses ence sponses score percent score percent score percent score percent score percent score percent 

0 8 . 2 100 6 .7 90 7.G 90 7. 90 7. 1 90 7.7 100 
1 9. <; 100 6 . 7 90 7 . .. 100 8 . 1 100 7. 5 100 7.2 90 
J fl .6 100 7.0 90 7 . s 100 e.•) 100 7.1 90 7. 6 100 s 7. 8 100 6 . 5 90 v .7 90 7 . 4 100 6 . 6 Bo b.7 90 

L.S.R.: o.os 0.6 0 . 8 0 .7 1.0 - 0 . 9 1.1 - 1.0 0 . 9 - 0 . 8 



Table 4. Ef f ect of radiation dose 
on the preference of sweet cherry varieties, evaluated 10 days after 1 rradia tion 

Bi!!£ Naf22leon Black Tartar ian Lambert Schmidt Windsor Dose 
Pre- Like Pre- Like Pre- Like Pre- Like Pre- Like Pre- Like x 1oS fer- re- fer- re- fer- re- fer- re- fer- re- fer- re-ence spcnses ence s ponses ence sponses ence spcnses ence sponses ence spcnses 

rads score percent score percent score percent score percent score percent score percent 
0 8.3 100 6.6 90 7. 7 100 7. 7 100 7. 8 100 6.5 90 
1 8.3 100 ~.9 80 7. 7 100 7. 9 100 7. 7 100 7. 2 100 
3 7. 9 100 5.6 80 G. 7 Bo 8. 2 100 7. 5 100 6. 2 Bo 
5 7. 4 9C 5. 6 Bo 6.6 90 7.1 90 7. 6 100 6. 9 90 

L. S . R.: 
o .os 0 . 9 - 0 , 8 1.1 - 1.0 0 . 9 - 0. 8 1.0 o . e - 0.7 1.2 - 1,1 



same taste eroup . 

Within each variety, cherries irradiated at S x 10S rads were 

softer in texture than those of lower doses but in some cases were no 

worse than those irradiated at 3 x 10S rads. In general there was no 

mold growth, an exception being on a few fruits with ruptured skins at 

low doses of F~diation . 

~ ~ after irradiation.--Table S presents ~~e taste accept

ance scoren of the irradiated sweet cherries stored for 4 weeks. 

Before being presented to the judges, however, nearly all spciled 

fruits were removed, It may be noted that the average scores of 

Napcleon and Lambert remained in the same taste classification, Bing 

and Black Tartarian dropped 1 step, and Schr.tidt and '.Vindsor dropped 

into the second lm1er group when all were co:r.pared with the scores 

obtained when jud~ing one day after irradiation . 

Tables S and 8 leave a false impression because no adjustment had 

been made for s;x>iled (moldyj fruits. An estioate of the percentage of 

edible (non-spoiled) fruit at the time of sa~plin~ was then ~de . An 

adjusted score for each variety at each dose 'lias calculated by :rrul ti

plying the estimated percentage of JOOd fruit by the score obtained 

from tables 5 and &. For exar.1ple, if t.~c avera..;e score was 8 . 0 and 

8o percent of the fruit was edible, the adjusted score became (8.0 x 

. Bo) 6.4. 

These adjusted data are presented in tables 6 and 9 . The scores 

obtained from 3 and S x 10S rads doses of radiation are noticeably 

better than those at 0 and l x 10S rads doses. There was much less 

spoilage at the higher doses of radiation . The Bin;: and Lao bert 

varieties showed up well at the hi_;her doses, 7indsor and Schmidt ·nere 

2S 



Table 5. Effect of radiation dose on the preference of sweet cherry varieties , evaluated 4 weeks after i rradiation 

Bing Napoleon Lambert Black Tartarian Schmidt ·nndsor Dose 
Pre- Like Pre- Like Pre - Like Pre- Like Pre- Like Pre- Like X 105 fer- rc- fer- re- fer- r e - fer- re- fer- re - fer- re-ence sponses ence sponses ence sponses ence sponses ence sponses e nce sponses rads score percent score percent score percent score percent score percent score percent 

0 8. 0 100 6. 2 90 7.8 100 6 . 6 90 6 . 2 100 5.4 70 
1 7. 'J 100 6. 6 100 7.6 100 6. 8 100 b . ) 90 6.0 90 
3 8. 0 100 5 .9 90 7.3 l Ou C-.9 100 6.2 100 5. 9 90 
5 7.0 100 6 .1 100 7.2 9li c.. . b lOu 5 . -.~ 60 5.7 80 

L. S.R .: 
0.05 0 . 8 - 0 .7 1.1 - 1.0 0 . 3 - 0 .7 1.1 - 1.0 1.4 - 1.) 1.0 - 0 .9 
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Table 6. Effect of radiation dose on the preference of sweet cherry 
varieties , evaluated 4 weeks after irraaiati on . Scores 
adjusted for spoila be . Percenta.;e spoilec es ti:!l!l. ted by 
interpolation of spoilage from 10 days t o 5 weeks. 

Dose 
Black X 1Q5 Bing Napoleon lambert Schr.lidt Windsor rads Tartarian 

0 3.0 3.1 2. 6 4.2 L 2 h. 3 
1 3.3 3.3 3. 2 2.9 3 • . , L6 
3 7.3 4.6 4.4 7. 5 5. 7 ". 3 
5 7.8 4.5 ( .2 7.0 4. 9 5. 2 

Aver ar;e 5.3 3. 9 4.1 5.1. 4. 6 !, . 8 



fair and Napoleon and Black Tartorian were ;.><>or . 

Five ~ after irradiation.--The spoiled ('lloldy) fruit "Nas re

-noved from the cans of sweet cherries and the percenta,;es of the sane 

were calculated and presented in table 7 . 

28 

Fieure 6 and table 8 present the taste scores ;;iven to the eciible 

fruits of the 6 varieties of sweet cherries i rrndia ted to different 

doses and stored for 5 \Yeeks. The average scores far the varieties 

decreased durinc; the '9eek , Black Tartarian nrop::;in;; to the next unit 

lower in the clas cification while the o~~er 5 re~ined in the ones they 

were in the previous week. 

To ive a more accurate picture of the true value of the radiation , 

an anjusted score was determined by multiplyinc the scores in table 8 

by the JXlrcentage of edible fruit. These data &re presented in fiGUre 

7 and table 9. The average scores of all varieties were decreased dur

ing the week. Ding and Lambert irradiated at the hi,;her doses were 

quite acceptable . 'lbe other varieties irradi;,ted at the hi;;her doses 

ll'ere on the border line of acce;>tabil"lty. All varieties at low noses 

of irradiation were poor in acceptability beca!lse of spoilage. 

In summary, after 5 weeks of storac;e, each variety in the study 

showed similar color development. The controls of each variety were 

darkest because of normal sweet cherry ripe nine . The highe r the dose 

of radiation, the lighter was the flesh color of the edble fruits . 

The color of fruits of the highest dose of radiation was hardly changed 

from the color of the fruits at the ti~e of the beGinning of the stor

age. The hi;;her doses of radiatio retdrdea tnc rate of maturation 

(figure 8) . 
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Table 7. Effect of radiation dose on keeping qualities of 6 varieties 
of sweet cherries evaluated after 5 weeks stora ge at 40° F. 

Dose Edible fruit Non-edible frui t 
Variety X 105 No . of Percent No. of Percent 

rads fruits of total fruits of total 

Bing 0 31 15.0 176 8S .o 
1 33 l L. S 143 81.2 
3 153 89 .0 19 11 .0 
5 155 98 .1 3 1.9 

Black 0 45 18.9 193 81.1 
Tartar ian 1 88 24.6 269 75. 4 

3 111 49 .6 113 50.4 
5 183 92.4 15 7.6 

Napoleon 0 43 30.5 98 69 .5 
1 43 30 .7 97 69 .3 
3 100 70 . 4 42 29.6 
5 96 61.9 59 38.1 

Windsor 0 190 70.1 81 29 .9 1 117 60 .9 75 39.1 
3 165 85 .5 28 14.5 
5 190 88 . 0 24 11.2 

Lambert 0 40 36.1J 70 63.6 
1 20 12 .5 140 87. 5 
3 1.49 94 . 9 8 .> .1 
5 177 96 . 7 6 3.3 

Schmidt 0 81 54 .0 69 46 .0 
1 100 43 .3 131 56.7 
3 173 89 . 2 21 l u . 8 
5 20 8 96 . 7 7 3.3 
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Table 8. Effect of ra diation dose on the preference of sweet cherry varieties, evaluated 5 weeks after 
irradiation 

Dose 
Bing Napoleon lambert Black Tartarian Schmidt 'lt'indsor 

Pre- Like Pre- Like Pre- Like Pre- Like Pre- Like Pre- Like X 105 fer- re- fer- r e- fer- re- fer- re- fer- re- fer- re-ence sponses ence sponses ence sponses ence sponses ence sponses ence sponses rads score percent score percent score percent score percent score percent score percent 

0 7.1 8o 6.4 100 7.6 90 ;' . 8 70 6. 2 8o s .o f:iJ 
1 8.2 100 S.9 70 6. 7 70 5.7 60 6. 4 80 S.7 8o 

3 7.6 100 6.1 80 7. I 100 s . 4 70 s .o so s.4 f:iJ 

5 ? . 7 100 5.7 70 7.1 100 5. 7 70 4.6 so s .o 70 

L.S.R.: 
0.05 1.1 - 1.0 1.5 - 1.4 0.9 l.S - 1.4 1.2 - l.l 1. 0 - 0 .9 
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Figure 7 . The effect of radiation on the preference of sweet cherry varietieG evaluated :5 ·;~eeks after 
irradiation. Scores adjusted for spoila5e 
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Table 9. Effect of radiation on the preference of sweet cherry 
va r ieties evaluated 5 weeks after irradiation . Scores 
adjusted fo r spoilace . 
weeks time . 

Percentaae spoiled counted at 5 

Dose 
Black 

X 105 Bing Napoleon Lambe r t Schmidt ·nindsor 
rads Tartarian 

0 1.1 2.0 1.1 2.7 J . J 3.5 
l 1.6 Le l.h 0.9 2. 7 ) .5 

3 6.8 4.3 2.7 7. 3 !, .5 4. 7 

5 7.5 3.5 5. 3 6.9 u.s 4.8 

Average 4. 2 2.9 2. 6 4.1t 3. 8 4.1 



The e:fecL of rQdiation dose on the ~icrobial grOftth and 
maturation of Bin~ sweet cherries (photographed 5 weeks 
after irradiation; . Left to ri~t: l • control, 2-
control (sorbic acid), 3 • 1 x 105 rads, 4 ~ 3 x 105 rads, 
~ a 5 x 105 rads . 

• 



Experiment J: E.ffects of radiatior ~ ~ ti:e <.j'lality, shelf-life, 

and che:nical chan.aes in ! red ~ cherry varieties 

35 

~no varieties of tart cherries--Early Richmond and Uontmor ency-

were irradiated to 0 , 1, 3 and 5 x 10S rads. The Montmor ency was at a 

pre-commercial stage of ripeness wh ile the Early Richmond was on the 

over-ripe side. Both varieties were evaluated raw as well as cooked 

with IJO percent sugar syru p. The Uontmorency was evaluated for a taste 

study at 1, lL, 18, and 25 days afte r irradiation . The Earl; Richmond 

was tasted at 1 and 10 days after irradiation . 

Figure 9 and table l C present the data on the ~ont~orency cherries . 

~e r aw fruit sc ores increased durin;: the first 18 days of stora Le , 

pr obably indicating a ripenillb of the fruit . The:::-e was not r:uch chance 

durine the next 7 days . The results of the low doses at 18 and 25 days 

of stor~q;e are open to c;u estion since no adj.1stment was n.ade for the 

spoiled (r:1cldy) fruit . 

The cooked fruit scores were hi,;her U.<in the ra;v fruit scor"s , 

showinb the need of suga r for a mor e acceptable ;;r oc!uct . nS time went 

on , hmfever, the taste scores oec lined , especially at the hi,;her doses 

of irradiation. The reason for t hi s change is not evident at t his time . 

There was l ess mold on cherries ,;iven hij)er doses of irrac!ia':ion . 

Figure 9 and table 11 contain the data of tte Early Richmond 

cherries . There seer.>ed t::> be no consistent differe nce s on the taste 

score s as ra diation i ncreased . ·,lfj t..~ tir·e , there ·Ras a dec :-ease in 

score, ;:> r ol:al:l y d:>e t::> t he extre!:'le ripeness of t~e fruit. <t r1as noted , 

also , that there was less n:old growth at hi,~l-Je r (3 and 5 x 10S rads) 

doses of i rradiation (fi.;ure 10) . 

Cher.:ical measu rements .--It ·,•as noticed in the ~:ont:norency cherr i es 

fo r t."le taste panel that the ju ice ?: the cooked sa:ople which had 
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Table 10. Effect of radiation dose on the preference of raw and cooked Montmorency tart cherries 

Evaluated 1 day after Evaluated 10 days af ter Evaluated 18 days after !;'valuated 25 days after 
irradiation irradiation i rradiation irradiation 

Dose 
Rav1 Cooked Raw Cooked Raw Cooked Raw Cooked 

X 105 Pre- Like Pre- Like Pre- Like Pre- Like Pre- Like Pre- Like Pre- Like Pre- Like 
fer- re- fer- re- fer- re- fe r- re- fer- re- f er- re- fe r- re- fer- re-

rads ence s ponse ence sponse ence sponse ence sponse ence sponse ence sponse ence sponse ence sponse 
score % s core % score % score % score % score % score % s core % 

0 5.4 60 7. 7 100 5.6 80 7.3 90 6.3 80 7.G 100 6.2 80 7.4 100 

1 5.1 70 7.5 90 5.6 80 7.8 100 6.2 90 7. 8 100 6.0 90 7.3 90 

3 5.3 70 7.6 100 4. '1 60 6.L 70 6.0 70 6.3 90 5. 3 60 6. 7 90 

5 s .L 60 7.1 100 5.0 70 6. 7 90 5. 9 70 6. 5 90 6.1 90 5.9 70 

L. S . R.: 
o .os 1. 2 - 1.1 1.0 1.2 - 1.1 0.9 - 0. 8 o.8 o. B - o. 7 1.0 1.1 - 1.0 



Table 11. 

Dose 

x 1oS 

rads 

0 

1 

) 

5 

L.S . R.: 
o.os 

Effect of radiation dose on th~ preference of i':arl y Richmond tart cl:erries 

Evaluated 1 da~ after radiation Evaluated 10 daz::! after radia tion 
Raw Cooked Ra\f Cooked 

Prefer- Like Pre fer- Like Prefer- Like Prefer- Like ence responses ence responses ence responses ence responses score percent score percent score jJBrcent score percent 

7. 3 100 8. 0 100 L. B 90 7.1 90 

7. 2 100 7.8 100 6 . 7 100 8.0 100 

7. 2 100 7. 7 100 6 . 8 8o 7. 3 100 
6 . ( 90 7.9 100 7.0 90 7.) 100 

o. 7 - 0.6 0 . 7-0.6 1.1 - 1.0 0 . 8 - 0 .7 



Fi b"U!"2 1n . The effect of radiation dose on the r.rl.crobial grD".,th and 
lll!lturation of Early R.tchmond tart cherries (photografiled 
5 weeks after irradiation) . 

5
Left to ri:;ht: 1

5
• control , 

2 a l x 105 rads , 3 • 3 x l t.J :mds , 4 ~ 5 x 10 rads . 

39 
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r·•ceivJd the •,i._;hest :rndia:.ior. nose (S x 1 - r ... ds) was less red ir. color 

than thP. control sam~le . The st'-idy ·.•as, tlcereforE, ccnd·~cted to evalu-

ate color changes yuan10itativel;,. 

A sarr:ple of ra .• cherries WdS squeezed in a clotr . The juice thus 

extracted, sample A, was fir st t r ied for lieht t ransmittance and l'oC~nd 

to be non-tr:.ns~•issable due t) density . Fi ltration was tried, but it 

Was too slow. Centrifu;;ation l'l<lS round t" Lo tr.e iiDS,er to tl:e ;;roblem. 

All of sa~ple A was centrifu5ed . ?art of sa~~le A wao ~iluted 1:1 with 

distillen .va ter to .,roduce sa11,>lc D. ?-art <>f s .. :::;>le D was exo.r:Uned by 

t 10 S;>ectro;>hoto~neter . A sli~ht oecrease in li_;.t cransr. . .Cttance ~<as 

found at both 530 and 550 mm settin..:;s as r.;di..ltion dcs<.~e increased . 

Part of satr.ple B ~InS boiled fol" 6 minutes, coolea, and then re.;d :\.n the 

Spectrophotometer . There was ar. increase iL li 1~ht tra.nsrr:i tto.nce i.n 

both macb.ne aet t~ngs as the radiation inc rea sed up to ;, x 10S rads . 

At hi...;her dosace , Ytowever, the tr<:J.nnrnittc..nce aecreased sli.):tlJ' . Part 

ture VIas t~en boiled 5 minutes, cooled, and ;:,;_en exa.:::~ned ic, the 

Spectroot otJr.teter . An increa::;e in trc-r.s:-r.i.tt.a'lce ;1a3 founu as t-he -..os -

a,;e increased to 5 x 105 rads , but t:.is .vas reversed as L' e c.:osa.:;e .venc 

~ tn 2C x 10- rads . 

In surn.':'a ry , l D ml. samples of the juice of eacr. dost. - sO>r::,;le wer~ 

exa~ned in a S~ectrophotometer for licht trans~ittance . ~t ~oth SJu 

and 550 mm wa ve-len,;t.'1s , ther~ is a cirec t rcla tio!:ship of tra •1s::-..:. t-

tance and do~a0e . As the dosa:;e inc re(j.:;;e.,~, the lic_;h t tr.:ln:;mi tt...a.nce, 

that is the c!ilutior. of the red ~i.:;ment , increases. 

A port~ou of sample B was examineu for acidity with a Beckron :il 

meter . There seemed w be a sli,;ht cec rea.se in acidi t;,· as the nosa...;e 

of radiation increased to J x 10S r ads . 
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E:xperi,-.ent !:..! Effects of radiation ~ and radiation dose ~ quality, 

shelf-life, ~color chanGeS in .2. strawberry varieties 

Five varieties of strawberries were dipped in a 0 . 2S percent solu

tion of sorbic acid and were irradiated at 2 rates and to S dose levels . 

The varieties were Kasuga, Lindalicious, Yarshall , Robinson , and 

Sparkle . The rates of i rradiation were l x 106 and S.S x 106 rads per 

hour. TI1e doses ;;iven wer e 0 , 1, 2, 3 and 4 x 10S rads. 

The results of the taste tests after l day on the above straw

berries are presented in fi@lreS 11 and 12 and table 12 . The results, 

as far as the rate of irradiation, were quite erratic and should not be 

considered different . ilhen considering the dose of radiation , there was 

no difference between 0 , 1, 2, and J x 10S rads . The fruits at h x 10S 

rads were less acceptable t.han the rest . There was a decrease in firm

ness with an increase in the dosage of radiation . 

The creater part of each sample of strawberries as described in 

table 13 were left in the J;o . 10 cans in a 4oo F. s tcrase for a period 

of 6 '!feeks. At the end of this tbe the fruits were evaluated as to 

mold grO'Ift:', (fi.,ure 13) . 

Table 14 presents the results of vimml color estimation . The 

color of the fruits attacked uy the ~old faded and the color of the non

moldy fruit ·.tas as excellent natural color which was confirmed by Hunter 

color values Rd , a , b , and a/b . Table l S indicates that in general , a/b 

values are increased as the radiation dose advanced , which 'llBans that 

t he red color of strawberries was retained at ~~e higher doses of radi

ation (3 and 4 x 10S rads) , regardless of varieties studied. This was 

presumably due to the lack of ~old growth on strawberries irradiated at 

the high doses. The :cold growth absor bed the red color of the fruits 

studied. 
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after irradiation at 1 x 10 rads/hr . 
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Figure 12. Effect of radiation dose and [ate on the r efer ence of strawberry varieties evaluated 1 day 
after irradiation a t 5 . 5 x 10 rads/hr. 



Table 12. Effect of radiation dose and rate on the preference of strawberry va rieti es , eva1ua ted 1 day 
after irradiation 

Rate Dose Kasu~a Lindalicious ~rshall Robinson S~rkle 

X 106 X lOS Prefer- Like Prefer- Like Prefe r- Like Prefer- Like Prefer- Like 
ence r esponses ence responses ence responses ence responses ence responses 

rads/hr. rads score percent score percent sc ore percent score percent score percent 

1 0 8. 0 100 7 .0 90 (.8 100 6 . 9 100 7.5 100 

1 6 .4 8o 7. 1 100 G. B 8o 6 . 4 90 3.0 0 

2 6 . 5 20 7. 0 100 5 . 9 70 6 .7 100 6 . ') 100 

3 7. 0 100 5 . 8 80 5 . 7 8o b .O 90 6 .8 100 

4 3 . u 20 2.0 0 5.1 {JJ 4 .8 60 5.2 60 

L .S. R.: 0 .05 1.3 - 1.2 1.1 - 1.0 1.3 - 1. 2 1.1 - l.O 1.1 - 1.0 

s.s 0 7. 8 100 7.1 100 7. 2 100 5 .8 70 4.1 60 

1 6 . 7 90 6 . 9 100 o.S 90 7. 2 100 7. 5 100 

2 5 . 6 8o 6 .4 90 6 .1 90 5 .3 30 6 . b 90 

3 5.2 60 6 . 9 100 6 . ) 80 b . 6 90 3.1 20 

4 L. 7 60 5 . 2 60 L. 6 40 5 . 4 70 u. s 50 

L.S.R.: o.os 1.4 - 1. 2 1.2 - 1.1 1.2 - 1.1 1. 2 - 1.1 1.2 - 1.1 



Table 13. Effect of radiation dose on the microbial browth scoresa 
for 4 strawberry varieties after 6 weeks' stora .,e at 40° F. 
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Dose
5 X 10 Kasuga Lindal icious Marshall Sparkle 

rads 

0 JCX:O:X XXX XX xxx:a JCXJCXX 

1 xxxx xxx:a XXX XXX 

2 xxxx X X X 

3 X X X X 

4 X X X X 

8 xxxxx Profuse &ro-Nth 
x:ax Very much GrOWth 

XXX Made ra te growth 
XX Slight growth 
X No growth 



Figure 13. The effect of radiation dose on microt:ia l growth and color 
changes in Kasuga, Ma r shall, and S!JBrkle strawberries 
( photogra::Jhed 5 weeks after irradiation) •

5 
Left to ri ,;ht : 

1 2 cont r ol , 2 • l x 105 rads , 3 - 2 x 10 rads , 4 • J x 
10" rads , a:-.d 5 • 4 x 10S r ads . 
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Table 1.4. Effect of radia tio, dose on visua l color score sa for 4 
stra·Nberry varieties after 6 weeks' stomge at 40° F. 

Dose
5 X 10 Kasuga Lindalic ious Marshall 

rods 

0 

1 

2 

3 

4 

XX XXX XX XXX 

x..uxx xxxx 

XXX XX 

X XX 

XX XXX 

axxxxx Extreme fading or change of color 
XXXX Very much fading or color change 

XXX Moderate fading or color change 
XX Very slight fadine or color change 

xxxxx 

xxxx 

XX 

XX 

XXX 

X L~cellent natural red color--no fading 
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Sparkle 

xxxxx 

XX XXX 

XX 

XX 

XX 
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Table 15. Effect of radiation dose on the a vera ;;e iiunte r color and 
color difference values obtained on 4 strawberry varieties 

Variety 
Dose 

X 105 Rd a b a/b 
rads 

Sparkle 0 ~ .1 1. 15 . 4 0 . 06 
l 5 . 6 2 . 3 15 . 8 0 .11 
2 3 . 0 .7 12 . 9 0 .05 
3 4 . o 3 . 7 llj , ,J 0 . 26 
4 5.4 2. 8 13.1 .21 

Mar~ hall 0 ) . 1 2 . 4 14 .6 0 .16 
l )j . 7 v • ..J ll+. ~ c . 05 
2 3. Q 4.2 1) , 0 .32 
3 3 . i 3.4 l3. J 0 .26 
4 4.4 6 . 7 13.4 0 . 50 

Kasuca 0 5 . 0 1.2 14 . 6 0 . 08 
l 5. 7 1.4 13.3 0 .10 
2 s.o l. ll 11.0 0 .12 
3 3. 8 l. t.- 13.4 o.n 
4 ll .l 5 . 4 13.4 0.40 

Lincia1icio•Is 0 5. 7 1.8 1~ . 4 0 .11 
l 5 .3 ~ . 9 1l. . 4 0 . 06 
2 4 . 5 2 . ::. :.2. 3 0 . 20 
3 L.S 2. 1 12. 0 0 .16 
4 I •• 6 1.9 13.4 v . 11 
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In general it was found that the ·nhi te mold was rather predorri.nant 

on the product at the control and lower dose (1 x 105 ) levels whereas 

this mold was not sufficient to be recorded at the higner levels . How

ever, on the products irradiated at the higher dose (3 and 5 x 105 

rads) bluegreen mold was noti ced . 



DISC !;::;IOJI 

The res,~ lts obtained i!1 the experiL1ents conducted are discussed 

under three ca te.;ories as follows: pas teuriza ti on and retGntion of 

quality in fr-.lits by .;arnna radiati on , chemical chaf16eS in fruits ind •• ced 

by .ar.nr .... raaL,tion, o.nd pre-irradLtion chedcal treatrent of fl"'Jits. 

?.lsteJrizati)r. and retentio: ~ <juali• · in ~ ~ ; .... ~~ radi~tion 

Ir 'tl i ... s tud~,t bacteria :.1rHi f~1n<J~ .verc destro.;·ed at oases over 2 x 

l• 5 rads qnd le~s than 4 X 105 rads. As ca:1 be S' i:o tables 6 and 9, 

after I, weeks 1 Btora"e, fr.Jits wh.l.ch received doses of 3 x l OS rads !lnd 

~- x l Or racL .ved much less sooila.;e than ~he f ruits at lower doses . 

Thi~ concurs .v :, 8revious findin;;s by Gerber et al. (7,. A reduced 

s poiL. '8 of ~roducts by bacteria and fun.:;i is apparently due to the so

called "raeio-pasteurization" of the fruits with gamma radiation . 

"t Moses over w x 10S rads eatin< quality declined rapic!ly . T~is 

·:tas d'•e to de~raCatio:: of food consti tL1ent::1 sucn as ;>roteins, carbc

hJd!"d \.<;s , vitamins, and pivments and foi'"la tion of off - odors, flavors 
1 

colors, and textures as found l y .,:mo ( 221 and MeA rdle and Dcsr~sier 

(12). At lower aoses the deGradation of these constituents was loss 

severe thus producing l ess changes in flavor a·,d other ct.aracteristics . 

At lower doses such as 2 x 1 

desirable flavor, texture, color, ' d odor <.h'-<r .. cteristics. In -ost 

cases these ., :"0~ c ... s were 1-,o. 'l C«l tJ tt.e noc.-irr~'iatec • 

trols ln these res~cts. '· ~ t" ~ ~e ti e, t!. 

:1h.:.cr ir. t'Jn: .A.r.creased ...... · i:r .Jht~ .. -1 ... • 

were ;:asteu:r .. zed 



Chedcal chan;es in fnits ~ £L (flmma r-c~dia tion 

As was found by ~dsen (11) softeninL increased as tLe dosa~e of 

gamma radiation increased. Such softenin<; was due to the rac iation 

breakdown of carbohyd rates in the fruits . The ?r otopec tins and pectic 

substances which provide the cellular structure of t!1e fruits were 

broken down; hence , the fr~its became softer . Tnis is in ~Gre~ment with 

Simon (22) and :.~c.\ rdle and ·•e::e'llia s (13, . 

11'e color of s.,yeet cherries, red tart clcerries , and st::-x11terries 

was affected by radiation. In the sweet cherries arrl in the red tart 

cherries the "'·a tura tion rate, henc" t!1e develop:r.ent of reG eel or , Nas 

retarded by the hi~her doses (3 ann 5 x l u5 rads ) . AL ~ , ~oc;j.Xlred to 

juice fro- the non-irradiated control cherries, less color was ir. the 

juice from the red tart che rries at the hij1er doses . 'lhe strawberries 

after 1 month's stora,;e had more red color retaired by fruits wroich 

received hij1er (over 2 x 105 rads; doses than b:,- fruits reccivin" lower 

doses . The Spark l e variety shoNed less color loss tr.an the other 3 

stralfl.Jerry varieties . The retardation cf color develov:~ent in SlVeet 

cherries and red tart cherries a;;rees with E>lrn2s (3) wh:> noted such a 

chance wl ich he attributed tJ a reduction of l?co;>ene content following 

i rr-c~diation . 

·r.~ere ·vas very little difference in the pfl of juice extracted from 

red tart c'lerries at c!ifferent dose levels . Y,e readin,;s incO"Sased 

!roo: 5. 25 at the control level to a l:i-:h DC ~ . 35 at 3 x 1C: , S x 105 , 

and 10 x h.5 rads and drop,in..; t.o ~· . JL at 2G x 1()5 rads . It is ;x>ssible 

that the Pi may influence ~!oe lethality of certain Ticrobes l.y radiation 

(22) . 

Relatively firr.J fruits such as sweet cherries and o.pricots sr a11ed 

less softeninc with radiation than U.e relativel0 soft fruits sue'. as 
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strawberries and red tart cherries . The aCJount of pectin and cellulose 

de:;radati~n varied between cr:Jps , va r ieties :>o t.".e sar.-.e crops , and 

ir.tmature and mature fru its of the same variet;,·. Im""'-tu re fruits we r e 

found to withstand the radiation wi tL less char.~es in texture than the 

rna tu re fruits . 

Little variation in the amount of softenint; of the 5 apr-Leo\ 

varieties was found. ln swee~ chen ies , r.owever, some varietal differ-

ence was observed. The BinL a!'d Lambert va rieties showed the least 

softenin.;, the Napoleon and Elack Tartarian varieties showed :ooderate 

softeni•1 ; , and the Schmidt and finds or YarieUes sha:¥ed t.11c :::os t soften-

in,; . In red tart cherries, the ;·or,horc:Jcy variety showed sli.;htly less 

softe nin ; than the Early Richmond vu r iet? . The Spa rkle variety of 

strawbe rries had less softcnin · than the Kasut;a , Lindalicious , a nd 

!Iars!: all varieties. 

As shown in fi.:;ure 5, .Ja steur:!.zing doses of radio.tion slow donn the 

normal ripening process . Tl:is is at' r ibuted to slowed respiration and 

s lowed metabolism as was found ir. other studies (7 , 31 • Such a slow 

da:>'ln in r ipenin,; would be of ~ re<>t val~e to shippe rs and transporters 

since it would oake it possil>le for pr oduce to be hel d in transit over 

longe r pe riods of tb.e withou t res ultin.; in an '-lndesirable product . 

t'roduce could also be stored for relatively l on
6 

periods of time before 

bein.; sold fresh or being processed. 

Pre-irradiation chemical treatment of fruits 

The f rJits dipped in s or tie acid before irradiation displayed a 

s l i Ghtly ~reater resistance to the ~ ra:~th of bacteria and fun~i than 

those fruits which did not receive the dip . The use of s•lch a c.'1enical 

treatment 'llirht inhibit the fungus c rowth whicl: could not be killed by 

lower (1 and 2 x 105 rads) levels of radi.tion . 3uch a combination 
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treatment mi,;ht prove more desir~:.ble than radiation used alone. Tnis is 

also proposed by Schweigert (20) and Proctor et al. (18) . 

For practical purposes, the "threshold dose" of radiation at which 

a product could be preserved without producing undesi r able chant;es MaY 

be in the vicinity of 2 x lOS to 3 x 10S rads . It seems that this ·Nould 

be sufficient to pasteurize , to retain quality, and to lenethen rif)Cnin:; 

time of fruits studied. 



SUI.:lARY ANfl cOJ;CWSim;s 

':'he studies ;oresented in this thesis wer e cond ucted to detennine 

the effects of garrana radiation on the shelf-life and quality chances 

in 5 varieties of apricots , 6 varieties of sweet cherries , 2 varieties 

of r ed tart che r ries , anci 5 varieties of strawberries . A s unmary of 

the results obtained and conclusions drawn the r efrom are below . 

I. r1rowth of mold -.vas inhibited on all fruits at doses of 3 x 10S 

rads and highe r. 

II . ~e taste acceptability of t he fi"Jits was lowered at doses of 

3 x 10.? rads and hi ;:her . 

III. A pre- lrradiatio CJ dip of sortie acid (l percent) for fruits 

showed some promise in combatin& funga l ~rawth which was not 

destroyed by irradiation. 

IV . Varieties of the fruits st .. d led had an increased shelf -life with 

doses of radi<> tion exceedin:; 1 x 105 r ads. l.!.a tura tion r ate of 

the fruits was slowed down by hi t;her (3 x 10S rads and 5 x 105 

rads) doses of gamma radiation. At doses of 2 x 10S rads the 

fruits retained their desimble flavor, color, texture , and od or 

characteristics . 

V. llo consi s tent trend of effect s 11as noticed as a result of ra dia 

tion rate differences . 

It is a well rec ocnized fact that certain varieties of fruits and 

vegetables are suitable for certain pu r poses . For example , specific 

varieties are bred fo r canning and other varieties are develope d for 

freezin.;. 1: ence , it seems fro r.> the observations presented in this 
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thesis thdt sor.te varieties of fruits are much more suitable for preserva 

tion by radiation than others . Likewise, prope r maturity of a 5iven 



fruit ~::: ;.n e.:ser t~al factor in o't.taininc o:,>ti ~1 c.;uz.li ty of the pro

cessed (canned ar.d frozen) _)roduc . S·.1c', :s also true i11 cast of 

preservat.on of fru~ts by radio-pasteurization. 
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