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ABSTRACT: juice from commercial oranges has been treared wirh 1.0 ~le\'

elecHons and 6Oeo gamma radialion wüh the purpose lO study

rhe effect oí irradia(ion on irs preservarion. The analysis oí

organoleptic qua lides, physical characterislics and content of

rhe main \'jtamins, shows several changes non.acceprable for
consumplion.

A combined trealment of irradialjon following by a rhermal

shock 025 Krad, 60_0oC, during 2 minutes at each lempera.

ture) does nor produce changes of the organolepric qualiries,

color, refraclive index and absorbance. The content of the

majo \'itamins in the treared juice is comparable wirh rhat oh.
taineo with convenrjonal methods of preservarion. This

trearment. jrraJiation.thermal shock, offers a wide possibility
of aplicalion.

Instituto de Física. Universidad :\acional de .\léxico.



2

lNTRODCCTIO:-l

Adem,f'cal

00 January 1965 an internacional projecr1 began in SeibersJorf.
Austria, carried out by che European ~uclear Energy Organizadon (E~E:\).
ro examine the application of irradiadon to foai preservarlon in a "model
substancc". Fruit juices were selected fOf (hes e fundamental studics fOf the
following rcasoos:

a) the componcms are representari\'c fOf most fooos,
b) the components can be easily separated.
e) the microorganisms spoiling the Cruie are ma inl)' rease,

aoo
d) the ite ro has ce onomic va lue •
The maio problem is to reduce the close as much as possible. wirh the

purpose of minimizing the degradadon due tO radiadon of the constltuems of
£oad, assuring organolcptic qualu}', wholesomeness and rendcrln~ lh{"

p roo uc t ce onomic.
The possibilit)' oC preserving Cruit juices by irradiadon has been

outlined by sorne authors 2. S.

\\orehave selected the juice oC orangc Cruit Cor our initial stuJics in
Co<XIpreservadon for tWOreasons:

1) Our country is rich in orange Cruit proouction and its exportation.
so an}' investigation connectcd with lts prescn'ation is uscful.

2) Sorne rescarch has becn done bcCore b)' other authors. mainl)' by
Goldblith6• Shimba 7 and recently DharkarS, so it is possible tO compare

with our stud ies.
As we knO\\' that the dose neccssary to inhibit the multiplication ami

metabolic acti,'ity oC microorganisms responsiblc for the detcrioration oC
the juice, norma 11)'changes the chemlcal<.:onstltutLon ot the toodstutt 1Il ~uch
a wa)' that undesired organoleptic qu..'llities occur. we have selected a com"
bined treatment of irradiation and heat. following the preliminary investi ..

ga tions_ oC Dha:f.kar 8 and_Ga iscb.9 ••
A lso. anocher of our purposcs was to deve lop a ~cncral techniqu{'

for the us(' oí high"energy electrons in these kind oC stlkli<..'s. in which bOeo
gamma cadiatton is normally used.
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EX PERIMENTA L TECIINIQUES

l. Orange juice samples.

The juice, from commercial non ..treated Valenciana variety oranges,
was extracted and pipeued into the irradiation'containers described lauer.
In this way the juice contains [he natural microflora, but if was observcd
during the experimcnts, [hat the contamination duc mainly tO manipulation of
juice was nO[ always constant, so the conccntration of microorganisms varies
from sample to sample.

1I{)\\'ever, aH juice samples were incubated during 24 hours at
37 i: l°C in order to guarantee a more uniform prescnce of microorganis ms.
lt is useful to point out that in a normal industrial process, 24 hours 15

enough time for the extraction and manipulation of commerc ial juicc.

Fi~. l. Irradiadon are a at (he Van de Graaff accelerator Ehowing the arra y used for
electron irradiadon. ~umbcr 1 indieates the air •.conditioncd (ube to prevent
an excess al ozone in (he arca; 2 is (he TV ehamber (O control the expcrl.

ment; 3 is a SUpPO(( and 4 is (he aluminium rQ(ating table; S rdcrs tO (he

polye(hy1ene sealcd bags eontaining the juiec; 6 the scanner extcnsion 01
(he accclcra(or and 7 a control remate motor (O control the velocity oí (he

rQ(a(ing tablc.
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2 o Irrad iadon techniques

Electron irradiadon was carried out with loO \le\' electrons frorn the
Van de Graaff accelerator at the Instituto de Física. UNA~L IScc of juice
was pipetted ioto 1 Ox 4 cm polycthylene bags. sea led aOO i rrad iateo on a ro-
tating tabIe at a constaot vclocity in such way that the contact time was of
on(" second. Figure 1 shows the derails of the arrangerneot used in the ir-
radialion Olt thc accelerator laboratory.

Garnm..'l.irradiations were performed in two Gamma-cell units (Atomic
Energy of C..•."1Oi.\dOlLtdo)o property one, ~odcI200. of Laboratorio Nuclear,
UNA~1ano Olnmher, moJel 220, of Programa de Aplicaciones de los Radioisó-
topos a la Agricultura, CNENo In bmh cases, samples of 8cc of juice were
pipetted in Pyrcx test tubes, plugged with conon or sealed with bakelite
screws and supponed in a rigid alurninium arrarlO in order tO inuoduce it
ioto the units ocavities.

3. Dos imetry

Electrons.-Dose rate for the juice (/)R), was determincd by the relationll
]

(1)

wherc (IJR)d is the close rate for a secondarydosinrter, irradiated on the safre
conditions as the juice. S, and Sd are the mass stopping powers Cor the
juice and dosimeter respe~t{\'elyo :hich can be calculated from Bethe's re-
LHionll .

(IJR)d was determined using the common Fricke's solution12• The
mass stopping power fraction for our system is very close to l. so
(/Jln¡ = (/JRY~. We use adose ra,e 0£24 Krad/sec.

Dose d is te ¡bucion in che sa mple was s tud ieo by mea ns of a bloc k of
polyvinyl chloride pIates (P\'C) simulating the size of the juice sample.
Irradiation induced coloration1J and the opticaI density (01) reading gives
a mt:asure of the dose. As the samplcs were rotatecl under [he radia[ion
b<.'amoa lOO~, uniform clase distribution is obtained along the plane perpen-
dicular [O the ekctron beam dir<,'ctíon, A more ex[ensi,'e study is nect's-
sary along dl(' depth direction because of [he lo\\' penetration of L.O ~tt'Ve-
\<.'ctrons. Cun.c 1 llf [he figurc 2 shcJ'.vs [he results obtained for a block
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Fig.2. Depth-dose distribution obtained for PVC and ¡uice with 1.0 ~teV electrons.

Curve 1(PVC) was obtain.ed meassuring the optical de';sity of-each indlvidu-

al plate from a block simulating the juice sample and transforming to per-

centage of dose. Curve 2 is the retation to ¡uice obtained from Curve 17

arter correcting the ir values by the dens ity fraction PPVC/ p¡ = 1.32, in the

horizontal axis, and by the mass stopping power fracdon mSj/mSpVC 1.38,
along the vertical axis. Curve 3 is the final result, o'bta"ined after cor-
recting Curve 2 by the dose contribution of the back-scattering electrons

produced in the aluminium table.
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of 0.51 e m eh ic kness (sa me of (he juice sample). e onta ined l7 plares of P\'C.
¡erad ia red w ith 1.0 \le \' e lec te ons. The opt ¡ca 1dens iry of cae h phltc was
reading and the fraction (OlJ),./(O{)max "'as plotted versus depth. (OlJ).

and (OD)max arc rhe opeical densir)'. foc an}' plare and thar who ShlX:S chef
maximum reading respectively.

Curve 2 of same figure shows rhe reL1.tive clase percenrage versus
deprh for rhe juice, ohcained from Curve 1 afeer taking in accoum rhe dirtl'r.
ene density of P\'C and of rhe juice. A. factor of 1.32 is nceded [O corrcer
rhe horizontal and 1.38 che vertical axes. Finally. Curve 3 shows rhe deprh ..
dose distribution foc juice samples wirh a smal1correction due to rhe contri.

burion to rhe dose of rhe back.scaucring e lectrons proouced in rhe a lumini-
um rabie. From L1.ucr resulrs. a 55% close uniformiry is obrained ln rhis di-
rccrion. sodosc musr be correcred by this factor.

This depth-dose distribution for our juice sample impliecl many 10-

tcrpreration problems~ due to the faet that some of the microorganisms in
the sample do not receive enough dose to be inhibited. so we observed re-
proouction even at closes in which we assumed to have achieved a complete
sterilization. For this reason we turned to gamll'k'l irradiations.

Sorne cxperiments perforrned by other groupsH using 0.5 ~1e\'
electrons, sho\\' rhat when the juice is stirred by a magnetic roJ inside the
polyethylene bags, the close of stcrilization is lower, close to 1.0 ~1rad.
This result prm'cs our assumption.

Garnmas.-(IJR). wasderermined by means of
1

(¡J./ P) .
= 1 (lJR)d

(¡J./ p) d
(2 )

",hete (¡J./P). and (¡J./P)d are the mean mass total absorption coefficiems

for rhe juic/ and dosimerer. respectively. (VR)d was also rneasured using
Frieke's soluMon; wirn.-60Cogamma radiadon. \\:¡rh meanenergrof1.25 ~~\'.
the ratio of the coefficients is equal ro (Z/A). ¡ (Z/A)d' the mean elccrron
de os iry \'i.llues. that is a Is o e lose to 1 ; we ob{a in, fina lly, (1JR ); = (lJ R ) d '
The \'alue of ({J/?) , used was between Rand 10 Krad/min.

]

.1. Test íor su::rility oí juicc

Frlll1l dI(' wo\\"th oí natural microflora in the crcaced. as \\'<:11as un-
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treated orange juice, a cerca in amount \\'3S plated on tWo growth rnediums: a
Rac[o dehydra'ed Sabourand Dextrose Agar (Difco, 0109- 01), excc Ilcm for
propagation of molds and yeasts and a Hacto dehydraH:d Orange Serum Agar
(Difco, 0521 -01), recommen(.ed for the enumeration and culti"arion of organ'"
isms causing spoilage in cirrus prooucts.

AlI glass material was carefully sterilized, the medium prepared and
rhe juice samples saw as usw 110•

The number of colonies which appeared after 48-72 hours incubation
\Vere rec o rded.

~lany growth samples of unrreated orange juice were ana,lized in order
to idenrif)' the reproouced microorganisms and it was found15 that yeasts
were presenr, majnly Candida Parapsilosis, Candida Stellatoidca and
Torulopsis Sp. The fermenration of orange juice after prolonged storage is
attribured to contamination wirh yeasts. These organisms are active at low
pll (3.5) and cause also acid produc,ion and off-flavour of ,he juice.

5. Viramin assays

Analysis of vitamin C, "itamin A (carorene) and nlaCIn were per'"
forrned by the personnel of Di"isión de Nutrición. at the Instituto Nacional
de la Nutrición, Secretaría de Salubridad y Asistenci...1. Pública, by rncans of
the techniques descrihed in detail by lIorwitz et 3116•

6. Physical measuremenrs

The teea ted and unteeated juice pll was de ter mincd w ith a pll- metu
(Phmovolr, mooel111) wirh a prccission of:t 0.1 pll units. A rcfractome-
tcr (R. Fuess) ,,"as aIso used to measure the refractivc index at white light
of rhe samplcs and finaIly \Ve used a spectrophotometcr (lIitachi Perkin-
Elmer, mode I Coleman E PS -3T) to record ,he absorbance in [he 300-1400 miL
wave-Ienght interval for both samples.

7. Organolepric rest

A panel of 17 persons. which did not kno\\' thar lhe jUlCe :-.ampk:-.
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were treated, evaluated the changes 10 teSt and flavour.

RESULTS AND DISCUSSION

8. Electron sterilization of orange juice

The effcct of electron irradiation was studied betwcen Oand 16 Mrad
In order to study the sterility of juice in approximately 1200 samples at differ-.
em doses; rhis gives a very gooo sratistical approach ro the reL'uion berween
dose aOO lile number of colonies of microorgaoisms. The amoune of expcri..-
mental work is ncccssary beca use of the different contüminatJons in com-
mercialoranges. Upto24 Krad, irradiation proouces cxcitation of micro-
organisms and the numbcr of colonies observed in rhe culture of the treared
sample is greater than the number observed in the untreared ooe. This radio-
excitarion io the reprcxiuction of microorgaoisms has ...'lIsobeeo observed by
other amhors. After 24 Krad, it was clearly observed tbat the number of
colonies st..'l.rted to decrease until the close of sterilization is reached ar which
nocolooics were found.-\. picrure publishecl in reference (lO) gives a clear
picrure of the aparence of the culture dishes where rhe reproductiviliry was
observed. The value for the close of sterilizarion was found at 2.5 Mrad;
rhis value differs froro those of orher aurhors maybe due to the problem io
the uniformity of rhe depth-dose distribution, or due peehaps to the value foe
the dose ratc uscd in our experimenes. The possibiliry of the variadon of
the dose of stcrilization with dose rate has not YCt beeo investigared.

9. Gamma sterilization of orange juice

The effect of gamma ieradiation was alsostudied between 0.2 aod
2.5 Mrad and alter 1700 samples ir was found lhat adose of 1.0 Mrad is
enough tO sterilize rhe juice. iocubated during 24 houes; ir was also oh-
served rhar when rhe ;uice. is incubared 48 and 72 houes bcfore irradialion,
at 1.0 "Irad there is still reproouction of microorganisms. This laucr ob-
servation is srill oor clearly explained. It could bc, according roSzilvinyi17 ,.

that (he cffcc( of irradiation depends. tO a certain cxtCIll, on lhe phase of
lhe cell cvcle during which the irradiation is applied.

\\!h'(>olhe juicc is irradiated at a temperature Oand -li Oc the dose
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sterilization observed was the same; this result indicates that the dose of
srerilization is independem of rhe temperaturc of irradia.don in this rangc.

10. General analysis oí electron sterilizeJ orange JUlce.

9

The pll ami refractive inJex were studieJ as a function of the dose,
to obsen'e whcther irradi..'ltion produces a great change in these physical
propertics or noto No change was observeJ, however, wirh ('k'ctron irradi.
ation in the interval up to 3.0 ,\trad.

Tastc and flavour of [he sterilized juice a[ doscs as high as 2.5 ,\trad
wcrc considcred as "'s[range" by [he panel. No furthcr analys is was then
carried out in electron-sterilized orange juice.

11, Vitamin content of gamma-stC'rilizcd orang(' )lItee

The vi[amin comcn[ in gamma treated and umrca[cd samplcs 15 shov.'1l
in the rhird row of [able 1 where, after several dcterminations. a mean 1055

of 12 % is oosen'ed for dle contefH oí "itamin e ..A (11e ~rcrilized juicc with
respecr to the untr('atcd samplc, 11 pcrc('nt of the total content of carorcn('
and 47 perc('nr oí niacin. Ir seems tha[ irradiarion affccrs strongly rhe
srrUCfUre of thcse vitamins, mainly rhe niacine, but no furrher v,'ork was
done ro study whar producrs werc formed during rhe degradation of rhis
substance.

12, '.:ffec[ of rcmpcraturc of irrao iarion

As we observed rhis srrong cHec[ on rhe "iramins, and following rhe
suggestions givell in reference (1), we carricd out sorne exp,'riments irradi-
ating [he samples ,H [WO tempera[ures, -11 and O°C with 1.0 ~Irad of
gamma radiarion; again, [he viramin content was observed. The resul(s are
shown in [he firs[ and second ro\\'s of L.'1blel. for -11 aod aOco respeetively.
wher{' it can be seclI rha[ [he dcgradatinn of rhe "iramin is low('r rhal witCfl
rhe samplcs were irradia[cd ar room [emperarurc. Ir is also ohsef\'ed [har
rhe lowt'r ('mpCr,Hure affects the vitamin COIltCIlt more than a[ aOco



10

.•,
.~
•~,
•,
-~,
•••
1•
e~,
••

'" •... !~ ~<~ ~~
E:,
~
l
~..~
!•,
!•,
¡
!
>

~
i ~ ~ ~ o

N N ~ N...
!
.5 "i

z
8 ;¡;: ~ ~- . ,. ;¡ ~ "

,.
"

~ ~.- , ,o o o o o o o o
r:;

?I~ ::; ::; ~; ! =" ...
<,.¡
.~
> ~ ~ ~ o ~ N

~ ~ .., ~ ~ " •• ..,
"- ~ ~ ~ :;: ~ N ~ o- ~ ~ - ~ ~

e
~i ~ '" - o• - -!..•
••~.• - :; ~

~ o ! o '8-'5' ,~ ~ ~ '" "'~Ii~ i ~ ci
~ "S< ~ '1 $ ~ ~

'" ~ '"I

I~ - ~ N ::
I~ - N

u:, ~I.-••>'8 • •• ~ .., ~ ~ ~-., '; ~
'" ;: '" ~ ~ ~~ ~ N ~

r;

~ - .u.u , •
,~ u : o ~
¡ •• • t •. ó ,- e ~ '" ¡

S ¡ 1 ] • ..; ~~, ,~~ ~ • ¡ ~
j i o i

,
o • ~;

u • - - ~ N- -~
--- --~- -- _.- - - -

! •• - ';' ';' ., ~ ~ ~• , ,
; ~ ~ ~ - ~ - ~ -•z

Ad~m. et al



R"dialiOtlf 01 Orange J~jce

13. S,e,i1iza,ion of orange juice by gamma radiation and hea,
treatment

11

From a preliminary investigaríon,10 it seemed prOmlS1ng to carry out
exteosive studies 00 the combined effect of irradiaríon and heat on the most
resistan[ yeasrs. Doses ranging from 100 to 900 Krad alone, or hea[
treatrnent at [he tempera[ures used, alone, was not effective in s[erilizing
,he juice (colony count: million/ml). !lea, trea'ment (60, O°C, during 2 'o
5 minutes at each temperature) reduces [he number of colonies. Hawever,
juice exposed ro gamma radiaríon followed by thermal shock, shows consider-
able reducríon in the microflora.

The juice was irradiated in the same polyethylene bags, in order that
the [herma 1 shock was given uniformly to the sample, and then treated, first
a[ 60°C during 2 to 5 minutes and s..:cond at OOC during the same ríme. The
samples were then incubated at 37°C during 48 hours and the number of
colonies forroed was counted.

Microorganisms in general are sensitized to heat by irradiaríon, so
that sublethal temperatures become lerhal to irradiated microorganisms. The
radlation dose is considerably reduced, from 1.0 Mrad lO 125 Krad. This
dose was the minimum necessary to sterilize [he juice, with heat ueatment,
so this reduces the degradatíon of the consrítuents of juice. Several pbysico-
chemical as well as physiological fac'ors have been poin,ed ou' by Dharkar.
that, presumably, contribute tO increase the mortality of the irradiated micro-
organis ms by hea" e. g. c hange in ,he pe, meability of ce 11wa lis, hea, in-
activadon of enzymes, etc.

14. General analysis of s,erilized orange juice by combined
trea tme nt

The pH and refractive index show no ch'ange w ith the combined
treatrnent (125 Krad, 60, OOC, during 2 minutes); no color variaríon was oh-
served and also no change in absorbance spectra in ,he 400-1400 m¡'Lrange
was found. Browning in orange juice was observed pronounced only after
4 weeks after irradiation, when kept at room temperature. No gas develop-
ment was ohserved in the sealed bags containíng the treated juice, so it is
possihle toassurne that the enzyrnaríc activity was stopped. For the Un-
treatea juice, the gas evolution was pronounced. lt has been suggested
that during non-enzymatic browning ol fruit juices1B, hydroxyrnethyI-
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furfural, the degradation product of ascorbic acid aceumulates, causing rhe
ehange in color.

TAULE 1

Sample Tasre Flavour

LJntrea red juiee norma 1 normal
(room tcmp('rature)

Ice JUlee normal norma I

1.0Mrad irrad ia ted juice acid med ie lne
a,-lloC flayour

125 Krad, 60, O Oc normal normal
during 2 III lnute s

1.0 ~lrad treated ¡UlCe ae id "srrangc"

(The (aster panel, forrned by 17 persons. did not kilO'" wherher
the samples Wl're rreated or nor)

\l'e sho\\' in Table 2 the general appreciatlons of the raster panel; we
have included thcre sorne data abour the resr in !asre and flayour of sen.'ral
sarnples. Ir is imeresring tO noce thar juice rrcareó by rhe combined radj-

<-ltion-rherma! ...•hock prcsents no dif(crt:ncc in rasre alld £Iayour wirh respcct

ro rhe untreared juicc. This indicares rhar rhe application of chis rechnique
ro rhe prcs('f\'<ltion of orafl~e juicc. by a combined rreatmellr. is promi ...•ill~.
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RESUMEN

El jugo de naranjas comerciales6ca sido tratado con electrones de 1.0
MeV de energía y radiación gamma del Ca, con el propósito de preservarlo.
El análisis .:le las cualidades organolépticas, características físicas y con-
tenido de las principales vitaminas nuestra que el jugo presenta cambios no
aceptables para el consumo.

Un tratamiento combinado, a base de irradiación seguida por un cho-
que térmico (125 Krad, 60-0°C, durante 2 minutos a cada temperatura) no
pr<Xiuce cambios en las propiedades organolépticas, color, índice de refrac"
ción yabsorbancia. La disminución del contenido de las principales vita-
minas se encuentra dentro del intervalo obtenible por otros métodos de pre-
servación convencionales, por laque el tratamiento ofrece amplia posibili-
dad de a plicae ión.




