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Effect of Gamma Irradiations on Physical Properties of Buckwheat Starch
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Abstract

The prepared buckwheat starch was treated with gamma irradiation at different levels (0, 5, 10, 20, 30
kGy). Viscosity, Hunter L, a and b value, To, Tp, Tc and AH of the irradiated sample were selected by
the means of central composite design with several factors (NaCl, water, temperature) and analyzed by
response surface analysis and multiple regression analysis to determine linear, quadratic and interaction
effects among the independent variables. Using response surface methodology and multiple regression
analysis, a model equation on the viscosity of buckwheat starch solution containing independent vari-
ables was derived and it was found to be highly significant at a=0.05. Gelatinization temperature To
and AH of the buckwheat starch found to be 59.70~66.57°C and 0.22 J/g~1.315 J/g, respectively were

examined to use the development of multi-functional food material.
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Table 1. Composition ratio of buckwheat gel formula

Ingredient Weight (%)
Buckwheat Starch 45
Water 55

2 g g2t BE 249 reference panl 2
= ¥l panE ARE-31992M, indium, ‘H(lead), °}¥(zinc)
< P%a}cl 2574 HHor BASN, ME 7] 5~
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-‘?—ulv Mol gl 233} At
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Table 2. Variables and their levels for central composite
design of buckwheat gel to determine the effect of
gamma irradiations

Coded variables
Variabl, S 1
‘ariables ymbols I — o ; >
¥- irradiation
treatment (kGy) X1 0 5 10 20 30
Temperature (°C) X2 40 50 60 70 80
NaCl (%) X3 0.8 1.0 12 14 16

Table 3. Coded levels of ingredient ratios for experimental
treatments and their responses

Treatment bVariable”) Responses

XY x22 x3° v1° v2' v® v4°
1 -1 -1 -1 478 3243 —026 ~3.21
2 -1 -1 1 324 2948 -035 -3.06
3 -1 1 =1 311 2944 -035 -3.52
4 -1 1 1 327 31.10 —0.39 -3.57
5 1 -1 -1 212 2919 -0.52 —4.53
6 1 -l 1 309 3014 -0.52 —4.61
7 1 1 =1 239 2932 —048 4561
8 11 1 234 3111 —049 —436
9 0 0 0 409 3078 —044 —422
10 2 0 0 253 2929 -037 —4.68
11 2 0 0 449 3221 —040 -301
12 0 2 0 345 3053 —042 -4.15
13 0 -2 0 595 3183 —032 -3.67
14 0 0 2 393 3046 —039 —4.01
15 0 0 -2 547 3071 048 431

16 0 0 0 419 3070 —0.38 —4.18

¥Coded variable, "Gamma irradiations, “Temperature, MNaCl
(%), “Viscosity, "Lightness, ¥a value, b value.
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Table 33 28 7HlAEH(X1), LE(X2), NaCl(X3)9]
AAE ol AT FFXE FE V), Hele] &
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125 e)=
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FEEFX1)} A E(X2), NaCl THEX3)2jARE
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Table 4. Variables and their levels for central composite

Table 6. Proximate chemical compositions of buckwheat

design of buckwheat starch used for DSC analysis flour and starch % (W/W)
Cod iabl iti
Variables Symbols ed variables Con-lposmons buckwheat flour ~ buckwheat starch
-2 -1 0 1 2 Moisture 8.44 11.01
Water cont(%) X1 40 45 50 55 60 Crude protein 11.15 0.23
Gam&na-madlatlon X2 0 5 10 20 30 Crude fat 233 0.00
(kGy) Carbonhydrate 76.42 88.25
NaCl cont. (%) X3 0.8 1.0 1.2 14 1.6 Ash 1.66 0.51

Table 5. Coded levels of variable ratios for experimental
treatments and their responses determined by DSC

Variables”
Treatments P

Responses

X270 x3° v1° Y2 v3® vy4”
-1 -1 -1 66017391 8201 0.689
-1 -1 1 62317205 81.52 0.9662
6198 72.39 8041 0.86
62.89 71.64 80.18 0.6547
61.61 7149 81.01 0.8064
60.78 72.07 80.91 0.7866
-1 6001 69.55 78.85 0.7092
1 66317134 7634 0.2283
0 59517083 83.16 1315
0 63.577130 79.99 0.6842
0 62.1670.79 78.86 0.9180
0
0
2

O 0N R W N

e
[ S e =]
|
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61.93 70.65 8224 1.075
6231 73.69 8297 1274
64.40 7247 81.14 0.714
59.78 70.16 79.63 0.8976
16 0 0 0 59707143 83.23 12421

“Coded variable, “Water cont(%), “Gamma irradiation,
"NaCl cont(%), °T0, TP, ®TC, " 4H value.
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Table 7. Changes in color of buckwheat flour and starch
by gamma irradiations

Hunter’s color Flour Gamma irradiation (kGy)
value 0 5 10 20 30
Lightness (L) 70.63 9540 96.80 90.89 94.02 93.28
Greenness (—a) 242 -052 -1.03 057 -1.03 -1.16

Yellowness (+b) 993 251 283 417 59 705
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2 Yehgth

Yamamoto et al(1973}& FFE 0.2% NaOH £
0 & 3~5A7F WE AWSIERA 99%92] TlE ) 90%
9 Xd ® 85% 3IEo] AALANT HuFHY B
Ao e 43]e] gzl Mz did 2AF, =
Age A AAERenZ £43 oY ARe o

<8 ¢ F AN

A%

Yy g Ao ML E 233 ZI= Table 7
3} 72}

Lae AAHo g gre Mo Wele) &3n widrt
F2 AL 7E Foe ge AL Aoy, wAME
o] AL FAEA HE AAE RoiAle Yoz H
e AL ¢ F A BF o= FHgx: dY =



114 234 EF8

Response Sutface ¢ XIX 2 for Y1

Contour Plot
X1X2 for Y1
X1
L e a— T 7 ——T
N —]
—~— . ..
[T g = [
\\\\ I ~—— —— T e
I ]
"~
o] T~ . —
’ o
¥ e .
- —
' / <7 N e
/I . \
-1 N . = N\
-y 1] L] 1 »
x2
MO UM I8 3.0
BRI ¢ 0] ——— 497 R.?18

Response Swiface f X2X3 for Y1

¥y o 1.288
§.MIE ——6.208 5.0

TS T 1,838 T 4628

Fig. 1. Response surface and contour of X1X2 (gamma
irradiationxtemperature) and X2X3 (temperaturexNaCl)
for viscosity of 4% buckwheat starch.
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Table 8. Analysis of variance in viscosity of buckwheat
starch

Sum of Mean

Source squares DF” Square B
Regression 17.511 9 1.9456  23.440%**
Residual 0.4980 6 0.083

Total 18.009 15

*DF, degree of freedom, F value, Variance ratio.

Table 9. Analysis of variance in viscosity of buckwheat
starch by gamma irradiations

Source sz‘:::rgsf DF® Sq{\f;em;b)
Regression  41.7192 9 4.635 4.489
Residual 6.1947 6 1.0324

Total 479137 15

“DF degree of freedom, UF value, variance ratio.

Table 10. Standard error, t-value estimated regression
coefficients for viscosity of buckwheat gel

Estimated Standard

Coefficients  value error  t-Values”  Effects
(X107 (X107

B(0) 3547500 759106  4.673 Center point
B(1)  —-52375 286915 -1825 Linear effect
B2)  —44500 286915 —1.551

B(3) -22.125 28.6915 -0.771

B(11)  —16250 286915 —0.566 Quadratic effects
B(22) 13.500 28.6915 0471

B(33) 13.500 28.6915 0471

B(12) 14.500 40.5759 0.357 Interactions
B(13) 28750 405759  0.709

B(23) 8.500 40.579 0.209

? value, studentized range.

=
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ol ST WF F& Yo WIEANHE F

T #(contour map)Z 33+
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g 33 &
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2 30 kGy 9 ¥WMFAdAEDY 2% 40°C, 50°C,
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Reaponse Surface of XIX 3 for Y2

12
33.66

30.97

¥2 T 31.849 sz.212
T 3B.108 — 38,083

376 ™7
- 37.088

Fig. 2. Response surface and contour of X1X3 (gamma
irradiationsxXNaCl) for lightness L value of 4% buck-
wheat starch.

X3& 0.08%, 0.1%, 0.2%, 04% = 0.6%] A== 3}
o AAFe] A= wsldAY w3AE vad 4
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HAAE IAAFY FAHR Y t-values Table 1054 72
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sl e Ryl 433l & e YEAAT
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yehdo) mel fejdel U RE Table 93 F& 2
F2 dojM & F ATh

Reasponse Suface of X1X2 for Y3

Contour Flot
X1X2 for Y3
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~
5.
"

" ——em —— 4 —— s — -aan
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Fig. 3. Response surface and contour of X1X2 (gamma
irradiationsxtemperature) for a value and b value of 4%
buckwheat starch.
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Response Swyface o XIX2for Y1

Contour Plot
X1Xz for Y1
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Reaponse Swifave of XIX2for ¥2

Condoair Plot
X1X2 for Yz

x2

Y2 8.6 T T0ME TS ——— 72548
12.501 —— 452 T5.404

Fig. 4. Response surface and contour of X1X2 (water
(%)* gamma irradiations) for To and Tp value of 4%
buckwheat starch.
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X - 2 2

Condonr Plot
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X2

3 I8l 7726 42 e
®.73 ——a.n 53.64

Response Suyface f X1X2for Y4

Contour Plot
X1X2 for Y4

T
1 2

T
-2 -1 .
X2
ve 6.101 0. 7B4 - 5.487 - 6.E81
0.074 —— 1,087 1.8

Fig. 5. Response surface and contour of X1X2 (waterx
gamma irradiations) for Tc and AH value of buck wheat
starch.
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A Fo0Z He A & F AU

Fig. 3 QLEZNXMe bkl ZA&e £ Zdd #ul
o] zAMo] @ol RWETE b gos FNAZ
FA7F don =N AFFRE ZAMgo] WA
<75 7HA 7he RS B 4 JAT
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Table 11. Analysis of variance in the lightness of 4%
buckwheat starch

Source ssql:Jmar:: DF® Sl\c/[iueg ©
Regression 41.719 9 0.87 0.843
Residual 6.1947 6 1.032

Total 479137 15

UDF degree of freedom, “F value, variance ratio.

Table 12. Standard error and t-value of estimated
regression coefficient for AH

Estimated Standard
Coefficients value error
(X107 (X107

B(0) 6013.87 91.517  65.713 Center point
B(1) -10.3750 3459 -0.300 Linear effect
B(2) -1.7500 3459 -0.0506

B(3) 74500 3459  2.1540

B(1L) 81.500 34.5905 2.356 Quadratic effects
B(22) 62.875 3459 1.818

t-Values Effect

B(33) 62.125 34.5905 1.796
B(12) 92.250 48.9183 1.886 Interactions
B(13) 103.25 489183 2,111

B(23) 146.750 489183 3.000
? value, studentized range.

a454

dFAL 2R7IDSCYE Bt vY HES A3
o Zhebd ZANEY] AR} 9o R 2 PR <
2L FollA FEEE vl RANE) e R T
9 WFALg BEEHAYHo R BAY HAie
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AT et 2AME g2y I e W
ol A& ¢ F AUNeH, Fig. 49 TpHS &
T e He2 syt AYPHY o ¥aE
B 25 EHH water % AR Z2vHA 2ARKI
zpe] WElgd BP0 Tpo L& Vel A
olt}.
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X1X3 for Y4

- ___\—'—_\\\ |

T o0 T2 T 0488 T 0.6
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Fig. 6. Response surface and contour of X2X3 (gamma

irradiationsxNaCl) and X1X3 (waterxNaCl) for AH value
of buckwheat starch.
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ohE AF Aol M (Biliaderis, 1990; Knutson,1990)S
PAF 2728 E93 &L e s WAE
AE ] Oxidation, cross-link, substitution 52 B3
7b FESFA 2L 23U A= AREEE 7
A AFHENA A 2x9} enthalpys X FHE(DS)
o] Ztast EXFMS)S F7HE @7y WHollAM B
th. DSCE F3lA 5432 TO, TP, TC, 4HE HL
AEHA=Y o AA7F dAFE BATHKimF} Elia-
son, 1993).

ol FE, ¢Y, 2k, 7|AA e ¥ W
= Aol é“é%sﬂ 252 olgHe AL ¢ F U
th AH| dgHER wPAEe] +EF Akl 24}
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