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Abstract

Some physicochemical properties of gamma-irradiated soybeans (0-20 kGy) were investigated. Proximate com-
ponents, fatty acid compositions and minerals of the soybeans irradiated at 2.5 - 20 kGy showed no diff-
erence from the nonirradiated control. Irradiation doses above 10 kGy and long term storage caused decrease
in extractable phenols and phytate content, whereas increases in acid value and organic acid content. The total
amino acids content of the soybeans irradiated up to 10 kGy was not changed as compared with the nonir-
radiated control. Sulfur-containing amino acids, however, were changed by 10 and 20 kGy irradiaton. Gamma
irradiation and long term storage caused minor changes in the color attributes of soybeans. Hunter's "L’
(lightness) and “b" (yellowness) values were decreased whereas “a” (redness) value was increased with in-
creasing dose levels and the elapse of the storage period.
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to) b TARS 2AB ©3E Folv]
918l YEH PVC 87](05 cm xH 8 cm)el] w7t &b
Aat A4 A9 108 Ci Co-60 73elAl ZAPAA
o ol aafo] AeolA] A7 25 kGyel AHE A
2.5kGy, 5kGy, 10 kGy, 20 kGy?] % F4Aleks
=2 Fdod. FeAlzke] el ceric cerous do-
simeterg- o] -3} " & FeAde] abe £5%
Wslolaieh, bl FARE AR 0] 2A HEAR
oF @A Aol AAshEA] 60 meshe EHE F A
ol AH&-shsict.

Ugia 24

o] YO S¥, a2, 2H P
AOAC™ el olste] Zxsle] Wu-ge vhehulel
o.

ZE 200miE 7lsbe] 30°Coll A
120—\._—71} stlrnngfﬂ* F 2555 7hale] AHEkE 250 ml
Z 3kgdc). o] A3 elg LAIE-2](3,000 rpm, 10 min)
sfo] AFAlel-& o3 1 micro-Kjeldahl'] © 2 dispersible
nitrogen-2- A} eFs}o] 2 4-8-8)| X (nitrogen solubility in-

dex)E the Ao o]sto] Faksialch

Dispersible N
Total N

NSI(%) = % 100

A7} al 07|A} Hat

viv) &4 30 miE 7hal gslldt § ¥£3} NaCl 10 mie}
1% phenolphthalein -8 2~34}2-% 7}sle] 0.1 N
KOH-ethanol 2. F-3}2 A 3}o] 4715 Alakshsd ob™.

F714F A F7H 5 g8 200 ml AH7) flaskol) 3
# 8} 80% ethanol 50 mlS- 7}3le] Al &o|4] 3027}
kb F ol ek of ool 25 misl) 254 25 mi
2 7}8F % pH meter (Corning Model 120)8 A}-&
0.05 N NaOH=Z. A A3}l A8 100 g citric acid &
H(mg)© 7 Lhehh ek

ZF&M phenols ¥ phytate M2t

F24 phenol k2 F7LE AlE Sgeol 80%
ethanol 70 m/S- 7}8}o] A 2ofla] 3417} wul =53]
Z oy 3}stod 80% ethanol® HEkS- 100 miE s}glch.
o]e} 3te] %% polyphenol4] #3HE-9] a2 Fol-
in-Denis X|2F-& o] &gk n| Yo g Aeksle] AR
g4 tannic acid ¥eF(mg)e & vfefglc}.

Phyta[e AL F7LE Alg 5goll 2.4% HCI 100

I 7}3te] A2ofA] 147 253 §F ofFsie]
24% HCl 5588 dqh o] FFEE o83y
ol -8k uj Ao 2 Hksleict.

pd

ion-exchange -

ofplizat, Xgat U 27| £4
E et g ARREon Dol AL

Fersle] 6N HCl 10 miS }a}
7taE FHE ﬂ 15 psi, 121°CellA] 327k Fat
3 Alzict. 718l -2 Whatman filter paper
No. 29} membrane filter (0.45 pm)@2A] z}hzh o 7431 ¢}
Cdrt[‘ldge C A},.Q.g}q _'_r7]/<]. ;{]tﬂ-;ﬂ xn/\ %’_%
AR F o}l at B LA 2 TS
Awpal EAe Bkl g5 %o x| (Whatman, 26
mm X 10 mm)oll 23 diethyl etherZ 7}3}] Soxhlet
FZYHoR 1647 A& 353 F A 5
Z3hoivh. 28 AR E Metcalf 572] wh o
Z petroleum etherel] 43 A]7A GLCZ ¥AI3}gict
714 gk AR A4 %k% A e}
A x| 2] & ¥ Ca, Mg, K, Na, Fe, Cu, Zne UAE-35
A 7] 2 A}-8-8}9] 31, P= Molybden blue B] 45 Vel o}
o} gakatoich,

9] MLl 60meshs HHF 7FFEe FxHA
(whole soybean)E color & color difference meter
(Model No. 100/DP, Nippon Denshoku Kogyo Co.,
Ltd.}& A}-8-3}o] Hunter scaleol] 2]+ L (| Xx), a (4
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4%), b @) 2 E () b el ol o
A-2-3k g Ewlat (standard plate}S Lgko] 90.6, azko]
0.4, bzro] 3.30]g]c}.

|
(Table 1). o]218 A 7H= Hossain S| 4138 w7

F}aks)A] A 28 W Al 3% (1996)

A ol

At o B i A Ao w2l 5o B
gFgk 2ol AAA] R chilale] Wi o g i)
GallAdo] AshEche. & Adgell el A B
S oF 89% HERA] ok el o] wheld g
=2} 90% W #f”l 7 wis=gh x| el i) gt
oA FAbel] Wl A rfe)ze] kg vy 5 kGy

At 2] = vlx
kGy arAdef 2Als H% u] Z Aol wls) ok 2% A&
o] g akg Bk ARoa] 15 AR Fe| A
o Bl e AR A FEcl E ATl haE
A, b gafel] whE oS gl vi(Table 2).
Saio 5 R vhg 23lo] AR A4 e
chil A FZAdeo] Al it 819 2o, Hafez 5

L
2t 5l 0, 1, 5, 10, 20, 40, 60, 80 = 100 kGy2] 7

o2 3 05-3kGy?l oA EaRs FHel 4wle] vl ZARLS o 20 kGy o] ko] EAbdellA] A
dnbgdr Al 2 daE A Ao ®ael adel st AaE i, olefdh e S ghEke]
217}, Fo ARUSE 2 Ago] Fasldrkn yshel
Table 1. Proximate compositions of gamma-irradiated soybeans"
Irradiation Components (%)
dose (kGy) Moisture Crude protein Crude lipids Carbohydraes Ash
0 9.01 37.36(41.06)” 22.57(24.80) 26.47(29.09) 4.59(5.04)
25 9.09 37.38(41.12) 22.39(24.63) 26.65(29.31) 4.49(4.94)
5 8.99 37.31(41.00) 22.60(24.83) 26.67(29.3) 4.43(4.87)
10 8.95 37.10(40.75) 22.61(24.83) 26.70(29.32) 4.64(5.10)
20 8.96 36.90(40.53) 22.59(24.81) 26.96(29.61) 4.59(5.04)
"Each value is the average of triplicates
“Parenthesis values are expressed in dry basis
Table 2. Some physicochemical properties of gamma-irradiated soybeans"
Parameter Storage Irradiation dose (kGy)
. period
{unit) (year) 0 25 5 10 20
NSI(%)” 0 89.97 89.97 89.97 89.52 87.68
1 87.23 87.25 87.03 86.79 85.34
Acid value (KOH mg/g) 0 0.11 0.11 0.14 0.14 0.16
1 0.19 0.19 0.23 0.27 0.34
Organic acid 0 32.11 31.90 32.32 32.61 34.74
(mg citric acid/100 g) 1 38.96 38.78 39.05 39.37 39.96
Extractable phenols 0 1.49 1.40 1.42 1.41 1.38
(mg tannic acid/g) 1 1.31 1.32 1.30 1.31 1.26
Phytic acid (g/100 g) 0 1.16 1.15 1.15 1.14 113
1 1.07 1.07 1.05 1.01 0.98

ach parameter was analyzed immediately after gamma irradiation and after one vyear of storage al ollowing irradiation,
"Each p t lyzed diately after g diat d aft 3 f storage at FT following irradiat

and each value was the average of triplicate determinations
“NSI: Nitrogen solubility index




SLEGEREILER

th olE A& R F9 vt Ralef o4
YR BRI ZAR B B e
719k Agate] sl S sl aloludr] WL

A 2=}, Diehl 5%, Alexander %% A e

A o] 7hubd Zabs bl SaaAde] flle] Hr
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Ao = 12.0%2 AsHA A= Hvhe vt old
@ wjeb B AgeA o) Ae SR 240
Ag 9al oE = 2k 2AR (10 kGy W2l
M A gskg W] eskar A2kl W gk

ol v Zrt.

wave)?] 42l microwave

MU RIIN B2
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0.11, 5 kGy$} 10 kGy= 0.14, 20 kGy= 01607 &
Apidske] Zte) A & R E ey ALl
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F&4M phenols ¥ phytate &zt

52 hardening®] B3 2h8-2 27| HAF3H
phytate o] #A4-2] odglztg 2pgshd, A A7)
zke] 7 xkel vjBo] phenol thAbr} Fo g Atz 2}
£3hch= 8 37F 9 ub®. Hentages $™% hard-to-
cook defect 841 2] 131-S phytate, minerals, pectin¥}
Fhado] gloha Pt & Aol kA xal X
52 %4 phenols TS ] FAL v u”
A FARRS RAbA ] Folel o Eo] vhae]
g Ve, ARl 1 A3 Felli=
Al el 4] EAb A Fel vl Ao vt
EAbilepl B Wk A asleh FUa Ao
ch(Table 2). durd o g zajx Fo| HAxi= F
phenols &refol] 48k ko nd phenols ko] &
] Y& hardnessE Holu} wiz] 1 3heko] °LE
2] o] &}ol| ] H-E] hard-to-cook 3 Ate] elojiim
Prheg e Aweskel Ash ”“/h— b
tannic acids &eke] 7HA) FEskicts: v % gl
@ Kadam -2 winged beano] & ‘157} Z71&
£ polyphenol geFo] 7hasle] ze] A|7ke] F7bE
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phenolic -2l 2] W3l B8] v}l Fgae] A
A0} BhElE matrix™ b ch A ahe] Agke] 2
g 7lo g B e b 334 phenols?] o]2]%t
Wshi Ee el 9AN shirEel 2Y0| 2
712} polyphenolic HgHE-2] Abslel| ofa] AAE lig-
nin Z lignification (& 3ha} 7t Ao 7 AE]
=] lignification& & A~ (cell wall bound peroxidase)
S wAAH 02 Qlofud 4 aleba Pek.
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beansoll 4 pectin 8314 3} pectin esterificationo] 74z
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-8 W 3slgdcl & o} 2 hard-to-cook HAFS] Relo
2= Bl 2al o] g ke wede] 9

F9f 3 712 soluble sugar®l= ©d2] A
protein &kl Aol HAglE B uE 9o Zo
7bebxd FAle]] 2]3F phytate 3FEF¥H 3} Ahmed ™
o] chickpea®} mungbeanoll 5 kGy7}x] FAFE S uf
phytate ga2ke] 7442 }g;ﬂg}c}atlr ]_ﬁ ZAbel] 2)&F
membrane®] Z}¥ 7} 7 flele g AjztE]n] H Al
M5 8-ALgE A s ehiglcl

A5} B3] Al Hfel Alek ofrl Al lysine]
TR hdoluh & Al F9 5 U3 direll &
S W] 24 oplxal 1758 Yasielon]
DAl FeFd wlEART 2.5 kGy Ao
39.9%, 5~20 kGy FAkro] 41.0~41.6%Ac}. dlF-2] o}
oAb 2AE Bl AR olw| Akl glutamic acid7}
8.2~8.7%%. 7}-XL =9kor] oS 9% aspartic acid7}
4.4~4.7%¢%]1 1, proline, leucine, serine, arginine®] 2.

e ge uebdeh wml B9 oinial
methionine®} cystein<- Y2 &hek-g- v}elu] o] (Table 3),
7)3Eoll sl St el 2] F opvineal 2R AL
3 3be waleh o) ojul ek gekel Wk Zhubl
FAFe] ofgk 3l o}v]:4kql methionined} cystein
o) ZApael Z7he} g ol Me) R vehg)
t}. 10kGy ZA sl ™3k 50 kGy AR U712
10~30 kGy FAFd red gram " 2 ¥l A 2= (40% 4~
¥ ) A0 25KGy 2ATE $ St E of
wlia) gl 2 ehe vlaA) eekeka gk o
e} el 4] ol ofulreare] o] Algieks ¥ E

glov]® cial 2l o)l 4] sulthydryl (-SH)¥} disulfide (-S-S)
Pz 23] bl 2ol v dare
5] 57 9leh®, Khattak®s. 5o} 82| 5kGy %
AbEA] 8FEF olp| - Abe] EF] TFFolla] EolAEre W
&}l 37, Abdel-Rahim 5“'% broad beansell 5 kGy7}t
| 2] FA}= methionine, cysteine, arginine, phenylalan-
sl RlekT s oleler Ahs 3 Al
el = FARE Ak vrebdigdoh gl 2 AlA el
Al o552 tyrosine ek Zhebd 2ARRA oA S
L el =d, b Aelrb A sl st
tyrosine2] #-2l& 7}438ks}el 7] wlE o g Azt o]
= Nene 2] ahe} 3 shadeh. seat b @1l 4
L ausA wskent 2Ab R TRl A
&) odopol 452wl EAkEol Mlal Z7)5le ol 2}

7] HE Zlem

ine, lysineo]

Table 3. Total amino acid contents of gamma-ir-
radiated soybeans"

Irradiation dose (kGy)

Amino acid
0 2.5

il

10 20

Aspartic acid 4537 4422 4710 4605 4.558

Threonine 1.446  1.463 1.561 1.490  1.504
Serine 2.080 2006 2.147 2072 2.071
Glutamic acid 8.434 8230 8718 8690 8.583
Glycine 1.613  1.641 1703  1.728 1.700
Alanine 1.788  1.747 1.821] 1.821  1.803
Cysteine 0.530 0535 0424 0291 0.407
Valine 1.616 1.630 1.742 1.661 1.685
Methionine 0.287 0342 0257  0.142  0.058
Isoleucine 1.475 1456 1550 1498 1.532
Leucine 2920 2977  3.069  3.080 3.080
Tyrosine 0.979 0994 1.047 1.074 0.990
Phenylalanine 1.842 1.897 2.03] 1.998 1.957
Lysine 2,557 2562 2667 2641  2.705
NH: 0.955 0936 0965 1404 1.090
Histidine 0.954 0969 1.032 1.001 1.006
Arginine 3.141 0 3142 3196 3.258  3.260
Proline 2829 2917 3016 2867 3.053

Total 39.954 39.867 41.656 41.321 41.041

“Total amino acid was analyzed immediately after gamma ir-
radiation and each value was the average of triplicate de-
terminations and expressed as the percentage of the sample
on a dry basis
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Aobal Fabe ope

Aol 7o)z} olek™. alubd o & B} oilseedsol
Alpe] MHALAL 2AbE Aol ofd kg vl A=

s T gleh WrhEel 100 kGy2] Zhehad
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A= 223} 2]ub4ba} carotenoids, tocopherols )
g g ow™, wat dlffol 60 kGye] Fhet
A #A}= linoleic acidE E&) 3} Cip 9 Cioa, oleic

acid®2 HE] Cpoy, Cios 3} Cpu2] B 5452 A S
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Table 4. Fatty acid compositions of the total lipid of
soybeans" (unit: relative weight %)

Irradiation dose (kGy)
0 2.5 h 10 20

Fatty acid

Palmitic (16:0) 994 1004 996 10.02 10.09
Palmitoleic (16:1) 0.07 006 007 005 0.08
Heptadecanoic (17:0)  0.08 007 0.08 005 0.08
Stearic (18:0) 286 303 305 313 305
Oleic (18:1) 2231 2226 2291 2245 2240
Linoleic (18:2) 54.69 5438 5395 5424 5414
Linolenic (18:3) 9.81 990 975 9.78 9.93
Arachidic (20:0) 025 025 023 026 022
TUFA” 86.81 86.54 86.61 B86.47 86.47
PUAF” 64.50 64.28 63.70 64.02 64.07

"Fatty acid was analyzed immediately after gamma ir-
radiation and each value was the average of triplicate de-
terminations

“Total unsaturated fatty acids

*Polyunsaturated fatty acids (18:2+18:3)

olsatd ¥ 54 563

el 7l AdgrEk
- S =] Ul"llﬂ‘g‘, 7&}'%‘, L}'E%‘.
o, w7k, A, %Lal ‘Q °}°L & FAsklch el o
7 deizl AEF el

Fol woldal vkl gl A,

5 vepial ook

B_Di('Tablc 3), LHkA | o] 8-¥] 2AMA
ol = B H—l AJ o] g ok Ao s

(51)
A1) =L

Table 5. Mineral contents of gamma-irradiated soy-
beans”

Mineral content

Irradiation
dose (kGy)

wiw, % /w, ppm

Ca Mg K Na P Mn Fe Cu Zn

0 0.21 024 1.50 0.030 045 39 73 6 28

25 021 024 1.50 0.030 046 39 73 6 28

N 0.21 0.24 1.46 0.044 044 39 67 6 27

10 0.22 024 1.51 0.039 045 38 68 7 29

20) 0.22 024 1.51 0.032 044 39 69 7 28
"Mineral content was analyzed immediately after gamma ir-
radiation and each value was the average of triplicate de-
terminations and expressed as dry basis

Table 6. Changes in color parameters of gamma-irradiated soybeans"

Sample Storage Hunter's Frradiation dose (kGy)
period color
(year) value” 0 25 5 10 20
L 53.60 53.20 52.33 52.20 52.04
0 a 6.20 6.76 6.84 7.00 7.01
b 21.40 20.84 20.46 20.25 19.96
Whole AE 0.00 0.89 1.70 1.87 2.27
soybeans L 52.10 52.21 52.03 51.80 50.95
| a 7.02 7.10 7.12 7.50 8.10
b 20.53 20.57 20.30 20.05 19.80
AE 1.96 1.85 2.13 2.60 3.63
L 84.40 84.30 83.70 83.70 83.40
0 a 1.30 1.40 1.60 1.60 1.9G
b 20.10 19.80 19.50 19.05 17.60
Soybean AE (.00 0.33 0.97 1.30 2.75
powders L 83.25 83.20 83.00 82.74 82.15
1 a 1.55 1.55 1.68 1.75 2.00
b 19.80 19.85 19.30 18.90 17.30
AE 1.21 1.25 1.66 2.10 3.66

“Each parameter was measured immediately after gamma irradiation and after one year of storage at room temperature fol-
lowing irradiation, and each value was the average of triplicate determinations
“L: Degree of lightness (white +100 <  black), a: Degree of redness (red +100 «» 0 «— -80 green), b: Degree of yellowness

(yellow +70 «— 0 «— -80 blue), AE: Overall color difference (AE= V(ALY+{Aa)+(Ab))
y
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