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Summary

This research was attempted in order to develop a long-term storage method for sp-
routing foods such as potatoes, onions, garlic and chestnuts using Co-60 gamma irradi -
ation combined with a natural low temperature. The sprouting of the irradiated groups,
150 Gy in potatoes, 50 Gy in onions and garlic, and 250Gy in chestnuts was almost com-
loss of weight

pletely inhibited until 8 to 10 months of storage . The rotting rate of

influenced a little by irradiation with a sprout inhibiting dose, and the weight of loss
of the optimum dose irradiated groups was reduced by about 6 to 24 % as against that of
the nonirradiated in the four stored foods . The chemical components relating to the

quality of sprouting foods were better retained in the irradiated groups than in the no-
nirradiated until the latter period of storage . Therefore, it was shown that the long
term storage of sprouting foods is possible using gamma irradiation of 50 to 150 Gy for
potatoes, onions, and garlic and 250Gy for chestnuts followed by storage at a natural

low temperature (10 + 5°C, R.H. 75-85 % ).

Introduection

The major sprouting foods eaten in Korea are po-
tatoes, onions, garlic and chestouts, and the pr-
oduction of these foods has annually  increased in

recent year. !'” Owing to the change of eating

habits and gross demands for fresh foeds or mate-
rials for mass processing, a stable supply of raw
materials is needed year round .

The over-production of sprouting foods, however,
brings about a sudden fall in their prices at harv-

est time, and the massive loss of foods during



storage and the supply deficiency resulting from
the absence of economical storage methods for
sprouting foods have resulted in an abnormal jump
at the market price in the off season by 2 to 3
times compared with that of harvest time  every
year . 1? Therefore, the demand for the develop -
ment of an economically feasible storage method
which prevents the loss of foods during storage,
stabilizes the price fluctuvation and provides steady
supply of rawmaterials for processing the whole
year round is urgent .

Root and bulb crops such as potatoes, onions and
garlic have a given dormant period of 2 to 3 months
after harvest, and after that period, almest all of
products sprout and the additional loss due to sp-
oilage and weight loss is significant .

Therefore, in order to preventlosses of  these
foods during storage, cool temperature (0-5°C)
and chemical treatments

then

storage methods '%°
{maleic hydrazide , MH) ¥ were studied and
partially implemented in commercial operations in
Korea. However, these methods are not sutitable
for the long term storage of sprouting foods bec-
ause of the ineffectiveness and problems of chem -
ical residues, storage cost and capacity.

Since Sparrow and Christensen ¥ first reported
that Co—60 gamma radiation had an effect on sprout
inhibition in potato tubers, many workers '%2’ have
indicated the effectiveness of gamma irradiation
for the storage of other sprouting foeds, and
recently, the worldwide uses of gamma irradiation
to inhibit the sprouting of roor crops ;  prevent
the reproduction of insects ; kill insects and par -
asites ; inactivate bacteria, spores, and moulds ;
delay ripening in fruits and improve technological
properties of food have been becoming the only vi-
able alternative to traditional methods of food pre-
servafion .

This experiment , therefore, was attempted on
the model business scale for the commercial storage

of sprouting foods by irradiation in Korea.
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Materials and Methods

% Irish Cobbler ¥, potatoes ( Solanwm tuberosum) ,
“Yong An Hwang”, onions ( Alfium cepa) and “Kor-
ean local late variety ”, garlic ( Alfium sativum),
which obtained from a major producing district ,
Changnyung , on 20 June 1982, were cured in circu-
lating air of 22-25°C and a relative humidity (RH)
of 60-70% for 2-3 weeks after harvest. Also, “Eun
Ki ™, chestnuts ( Castanea mollissima) were obiain-
ed from Kwangyang on 15 October 1982 and fumiga-
ted with CS, gas after selection by 6° Baume brine.
Approximately 1, 400 &g of potatoes and onions,
respectively and 90 bundles { 100 bulbs per hundle )
of garlic were irradiated with doses of 50, 100 amd
150 Gy, respectively and 900 kg of chestnuts was
irradiated with doses of 150,200 and 250 Gy. ACo
-60 gamma irradiator (U. K., 25Gy/hr ) was used
in each case.

The nonirradiated and irradiated groups were pa—
ckaged individually in units of 20 to 25 kg in perfo -
rated plastic boxes, and the chestnuts were
packaged layer upon layer with sawdust containing
50 % moisture. The samples were stored in a ce-
llar type natural low temperature storage room
(4.5%X6.5x25m)at 10+5°C andaR.H. of
75-85 % for 8 to 10 months. The storage conditi~
ons were controlled with a ventilator and a humidi -
fier (Keumsung Co., LTD.).

All physicochemical properties were investigated
at two-month intervals during storage. The spr -
outing of potatoes, onions and chestnuts was rec -
koned as more than 1 a= length of sprout growth
and indicated as the percentage. In garlic, howe-
ver, sprouting rate was expressed as the percent -
age of sprout length per total clove length. The
weight change of the samples was calculated as a
cunultative percentage of weight loss and rotting
rate was expressed as the percentage of decayed
number per 100 samples. Moisture content was de-

termined according to the 105 °C dry method ** and



total and reducing sugars were measured by the The nonirradiated groups of each sample all spr—
modified Somogyi method. * The content of as- outed after 4 to 8 months of storage, while in the
corbic acid was determined according to 2, 4-dinit- irradiated groups, 150 Gy in potatoes, 50Gy in

rophenylhydrazine colorimetry 2 | onions and garlic and 250 Gy in chestnuts, sprouti-

ng was aimost completely inhibited until 8 to 10

Results and Discussions months of storage.

During the storage period, the sprouting rate of I't was reported that sprout inhibition by gamma
potatoes, onions, garlic and chetnuts according to irradiation was influenced by the physiologicai state
irradiation dose is shown in Table 1. of the sample at the {ime of irradiation, the

Table 1. Sprouting rate of irradiated sprouting foods during storage

©
Perios:

It
(month) POSSGY 05 00 1500 0 50 100 150 0 50 100 150 O 150 200 230

(Uuit : %)
Potatoes Onions Garlic * Chestnuts

0 0 0 0 0 0 [ ] 0 192 19.2 192 192 0 0 ¢ 0

2 242 254 167 0 1830 0 0" 271 251 232 234 122 54 26 0

4 790 820600 0 472.3 0 0 0 656 58.6 588 594 10000 832 418 20
6 100.0 100.0 830 33 1000 0 O 0 936 682 67.8 684 - 1000 928 6.0
8 - 90.0 33 - 0 0 0 973 70.2 68.7 689 - - 1000 202
10 - 90.0 33 - 0 0 0 13590 761 7.2 70.8 - - - -

* The elongation ratio of an internal sprout leaf to clove length

radiation dose and the storage temperature after tion dose in all stored groups (Table 3). As in-
irradiation '® and the resulis observed agreed with icated by Hendel and Burr 2 and Mathur ¥’ , the
the reports of Khan et al ¥ and Cho ct al. ® In physiological losses in weight are mainly due to tr-
order to reduce losses due to rot attack, stored anspiration and respiration, and so it seems that
samples should be cleaned and well - ripened before the weight loss of sprouting foods can’ t be affec

irradiation. The rotting rate increased with storage ted by the irradiation dose for sprout inhibition if

time, and at the latter stage of storage,the.per the storage temperature and the relative humidity
—centage of rotted samples was considerably higher are well controlled .

in the nonirradiated groups than in the irradiated As the storage period was elapsed, the moisture
ones in potatoes, onions and garlic, although there content of the potatoes slightly decreased in all
was no significant difference between the nonirradr groups , whereas that of onions, garlic and chest-
ated and irradiated groups in chestnuts { Table 2). nuts was relatively constant except for the decr-

The weight loss of sprouting foods during storage ease of content along with sprouting in garlic at

was slightly decreased with the increase of irradia— the end of storage period (Table 4 ). These resu-
Table 2. Rotting rate of irradiated sprouting foods during storage (Unit : %)
em Potatoes Onions Garlic Chestnuts

Period Dose (GY)

(month) 0 50 100 1506 0O 50 100 150 0 50 106 150 0 150 200 250
0 1} 0 0 0 0 0 0 0 32 32 32 32 0O 0 0 1]
2 1.0 0 0 1] 6,6 10,0 33 33 661 145 11.2 10.4 22 20 0.8 24
4 24 0 4] 0 1000 13.3 6 7 33 184 149 120 11.1 4.8 44 42 4.6
6 33 L1 0 0 13.3 13.4 6.7 67 2L4 175 127 120 164 142158 134
8 67 33 3333 663207 177 18.3 285 183 143 124 30.8 312321 322
I0 2001 174 17.8 5.7 160.1 50.3 41.7 527 835 203 274 301 - - - -
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Table 3. Weight loss of irradiated sprouting foods during storage

(Unit : %)
£m Potatoes Onions Garlic Chestnuts
Period Dose (G
(month) 50 00 150 0O 50 100 150 i) 50 100 150 0 150 200 250
0 24 25 L3 0 37 18 18 20 141 127 123 126 +0.5+0. 4 +0.6 +0.5
2 28 30 24 L0 86 2526 28 19.2 187 17.9 177 1. 7+04 +0.2 +0.3
4 49 59 4.1 1.8 148 3129 47 225 204 189 120 318 0.4 0.2 01
6 8.4 7.9 64 26 - 7.7 59106 30.7 245 213 221 69 L4 1.3 L4
8 157 128 1.3 61 - - - - 538 30,6 30.0 209 - - - -
Table 4. Changes in meisture content of irradiated sprouting foods during storage (Unit + %)
nit : %
wlem Potatoes Onions Garlic Chestnuts
ose (GY)
Period (montty ¢ 50 100 [50 0 50 100 150 0 50 100 150 0 150 200 250
4] 77.1 78.0 T7.7 77.2 BU.6 B9.6 905901 666 667 6.0 670 612 6.2 619 6L5
2 7.4 760 76.0 77.1 9.3 9L 2 90.190.9 67.8 669 67.6 676 618 6L7 641632
4 7.9 76.1 76.4 76.2 9.0 9.8 91.5090L8 679 674 67.2 676 588 60.6 623627
6 786 767 745 761 920 9L 9 90.8 90.4 696 697 6.8 699 590 60.1 6L 4 614
8 76. 5 716.2 760 YL Y - 9.3 929918 65.3 68.1 671 67.3 626 6L 5 625632
i0 75.5 76.2 76.1 76 4 - 9.6 922 91. 8 - 671 67.8 67.38 - - - -
Table 5. Changes total sugar content of irradiated sprouting foods during storage Unit 2 %)
(Unit : %
Ttem . .
Dose (GY) Potatoes Onions Garlic Chestnuts
Period
(month) 0 5 100 150 0 50 100 150 0 50 100 150 0 150 200 250
0 1772 165 16.3 157 7.7 7.4 7.5 7.8 188 17.3 182 18.3 27.0 27.7 27.6 290
2 170 16.8 163 160 76 7.9 7.5 7.5 173 17.7 182 17.5 3L 4 3L 6 3.6 3L8
4 16.6 17.6 17.8 17.4 7.0 6 7 6. 4 63 14.3 151 155 151 288 29.9 206 30 2
6 176 171 189 17.5 54 57 67 67 141 150 150 155 261 239 254 24.8
8 165 166 169 17 4 - 49 50 48 124 132 139 144 177 2L 3 243 201
10 16,0 161 163 17.0 - 53 50 58 - la2 127 12 9 - - - -

Its were almost in accord with the works of Pah-
issa et al'Y’ and Cho et al®'.

Changes in total sugar content during storage
are shown in Table 5. In all stored groups, total
sugar content gradually decreased according to the
increase in dose and the length of the storage
period, and after 8 months of storage the content
was somewhat higher in the irradiated groups than
in the nonirradiated ones in all samples.

Also, the reducing sugar content i the four st—
ored samples was fructuated slightly during the
storage period, and at the latter stage of storage,
the content of the reducing sugar of potatoes and
onions was lower in the irradiated groups than in
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the nonirrated ones { Table 6 ). Accordingly ,. it was
evident that the irradiated potatoes, as material
for chip pracessing, were superior to the nonirrad-
jated ones because the color of potato chips is
affected by the sugar content. There are many
reports concerning the effect of irradiation on the
physicochemical properties of the saccharrides ,'™%”
and in general, it has been recognized that irradi-
ation doses for sprout inhibition don’ t affect the
chemical structure or content of sugar in foods.
As shown in Table 7,

of potatoes, onicns and garlic were obviously dec-

the ascorbic acid content

reased with the increase of irradiation dose and

the length of storage period, while that of chest-



Table 6, Changes in reducing sugar content of irradiated sprouting foods during storage-

{ Unit : %)
wm . .

DosE(GY) Potatoes Oniong Garlic Chestnuts
Period
(month) 0 50 100 150 0 50 100 150 i] 30 100 150 4] 150 200 250

0 0.26 0,36 0.15 0 11 5 39 4 20 384 472 L0000 93 0.93 092 0.350Q 49 0. 60 0 67

2 0.25 0.30 0.21 018 4 27 4. 19 4.27 468 0.880.93 070 073 201 L 51 L9893 209

4 0.24 0.28 0.28 0 24 5 40 4. 83 6.66 645 LO07 LO5 L11 L11 L 16 0. 94 0,80 0 88

6 0.18 014 011 0 14 1 54 350 389 387 0085192 088 085 0 49 0.52 L. 25 1 32

8 0.47 0.20 0.56 0. 56 - 446 370 294 096 0.77 0.95 0.83 1 42 1. 57 L87 198
19 0.64 042 G 45 0 44 - 284 292 3 37 - L25 L2? L27 - - - -

Table 7. Changes in ascorbic acid content of irradiated sprouting foods during storage v )
nit : %

Item . .

058 (GY) Potatoes Oniong Garlic Chestnuts
Period 0 50 100 150 0 50 100 150 ©0 50 100 150 ©0 150 200 250
(month )

0 245 221226 220 7.2 68 68 6.7 10.8 108 10.8 10.6 20,0 17. 9 22 4 23 4
2 226 20.92L7 197 62 62 6, 7 65 1008 96 93 87 191 201 240 221
4 19.4 18.6 197 153 61 63 62 5 4 94 94 93 86224220 246 256
6 188 177 17.8 149 59 6.3 66 61 86 88 92 1000 235 242 250 24. 8
8 121 96 B85 96 - 6.3 62 6 3 94 92 90 83246 2.7 223 237
10 123 I1L6 127 1L 7 - 59 63 6.0 - 1004 1004 84 - - - -

nuts increased inversely. At 8 months after stor-
age, the content of ascorbic acid of potatoes,
onjons and garlic was decreased up to 50.4 %, 18.8
70 and 13,3 %, respectively in the nonirradiated
groups and 60.6 to 65.3%, 8.3 to 16.2% and 14.9
to 23.5 %, respectively in the irradiated ones. In
chestnuts, however, there was about a 17.5 %
mcrease in the nonirradiated group and a 21 to 25
% increase in the irradiated group after 6 months
of storage. Considering of the overall effects of
gamma irradiation on ascorbic acid *, it seemed
that the above mentioned changes in ascorbic acid
content might be based upon the influence of irra-
diation on the metabolism of sprouting foods itself
and not on the chemical changes .

Similar results were obtained by other workers,
%19 and it was suggested, especiavy, that the
higher content of ascorbic acid at the latter period
of storage must be closely related with the incre-

ase of the reducing sugar content during the same
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peried in accordance with inter—conversion reactions .

ko

AL WEskn gl 72, ofg), )
B0 3y 1)
WEE 7HE
A G A e Azkndl Az A sgleh A7E
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wel 250Gy o] feko B~1079zt A2 sials]
A, gkl 24 e} Yo g gus] 7
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HI7EA] A Boll 4 6~ 24 %2] 7h4 A g3E ey
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R B e B B B S S o M E ) R K
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