Development of Coating Techniques of Rice

for Instant Foods Using Biopolymers
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SUMMARY

Recently, there are increasing demands of instant food products the busy
lifestyle and the active participation of women into social affairs. The rice
which is our principal food source has not been widely utilized as the instant
food compared with the flour. The main objectives of this research were (1)
the development of the rice coating techniques using biopolymers and (2) the
production of the instant food through coating process for the purpose of
increase in farmer's income by the mass consumption of rice. The specific
key points of this research were to find out coating conditions which were
strong enough to withstand against the water and the heat, and to induce or
keep functional substances in the rice by coating condition. The alginate were
selected as a coating material and the calcium salt as a coagulant. The most
satisfactory result was obtained by coating with 2% of alginate and edible oil
on boiled rice and by agulating with 8% of calcium chloride or 16% of calcium
lactate. The edible oils such as soybean oil, olive oil, corn oil, and cotton
seed oil improved remarkably the stability of coating against the water and
heat. The coated rice was stable under presence of the weak acid or neutral
condition and was not affected by the addition of seasonings such as sugar,
red pepper powder, and sesame oil. The high concentration of salt, however,
reduced the stability of coating noticeably. The rice coated with alginate
under optimal condition showed more than 80% of intactness immediately
after autoclaving and the value of intactness was kept during storage of 4
weeks. The addition of chitosan in soaking water for the germination of the
brown rice increased the content of GABA(y—aminobutryic acid) and allowed
to retrieve the textural properties closed to that of polished rice. The coating
of germinated brown rice with alginate also showed strong stability against
the water and heat and soft taste when it was cooked. Conclusively, the
manufacture of instant food using rice is expected to be available by coating
the white or brown rice with biopolymers which would induce the resistance

against the water and heat and the allowance of functional substances.
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(¢}

204 AES eV $189 1, 2% alginate(Kanto Chemical Co. 15) €92
0.1% CaCly &%l 50:502% AAtt. Chitosan film®] %= 0.5% acetic
acidol chitosan(Showa Chemical Co. 1)< 742 1, 2, 3% H A, pullulan film
o] AL-E pullulan(Tokyo Kasei Kogyo Co. 19)< 2,4,6% A 2}, z+zt
o] gMS AlZE petri dish (12 X 12cm)oll  casting 3t 323<57](25T,
50%RH)oN A AZA AL, BE A FA] glycerol 59 7FAA|E alginate(2%),
chitosan(2%), pullulan(4%) ZE 100 mL & 200 pl7} H == ZAHste] s
=g

v %A

R -

o
A

A 250 ¢S 1 AR 35 AAA A7) wEE3U%E, 0.5L, Cuckoo) = H 7|
orgulL (6ol 1.08L, Cuckoo)d] Y1 FHuEE 200mLY SHTE AFRSHY
e A AT 1A FHE & WS F3F 4] FUME 7R HE&E)ET 3

H =
Ak A, EE A9 Fol =Y AS Aesher,

]

~

3. 78" =3

2 = wuk(ho] ZE A2 sodium alginate, $3AE calcium chloride T+

calcium lactateE AF&3la1 A7), WHHES &8st
7F RA ZEA - FHEEA] S aA] A g
S 1~ 2% sodium alginate §Ho A 1A17+ =3}

24 A1+ Az Foll 1~3% CaCly &) Huk(R

e A

1l 35~40C dry oven©ll A
Fol A 1.3uiEH)el] Yol
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7t A Asle]  conditioningdt $-o Instron(Model 1125, Instron Engineering
Corp., Canton, USA)& AM&ate] W (ASTM D882-88)l uwhe} A=
(tensile strength)¢} 2174%E(elongation)S 43t Grip 7He] A+ 50
mm, cross—head €%+ 500 mm/min® Z4 %At}

E<&E(water vapor permeability) : EFHHASTM E-96-90)°] Wz} cup
method(Park, S.Y. et al. 1998)& Al&3le] FAH3ISL. F5 Hel 16 mLY 5
FE5 Y3l biofilmeZ 92 F, 25T, 50%RH 328570 dojAl 12 Az

o oo =

° b
PAs AT 2 A o Ry Ao

off 3
A
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<
T

mLe| TH/HTZ A3 20, 40, 60 & Fol 5ot FAE SAsI HEEZE Y
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1. Biopolymer filme] 71412 EA E&%

A Z% biofilme] 54L& Table 13 #t}. F7+= biopolymer? HE7} o}z

FE =7Vl 2% HE=4Y w alginate, pullulan, chitosan & Z+7F 24.13
m, 39.40 im, 65. 50um4 TAE YERRT S84 Wy, A 5o 4ZES yE

W= AFFE=e AR A alginate®t pullulan ZE-E biopolymerd FE7}
ol whe} A Ee} Aol =olX = WHA chitosan Z 52 719 W3y}

2
GEE AFe) T F7b weh FEFHEG FRGAE ol

Asleh
= BB FAL FHR5E Bl Y@ BE AFel AX 234
W AEEEY $57] Be] Frkehy] Wil AoR By Hu gk,

Biopolymer &0l 7}A4AQl glycerolS A7} Table 29 o] &9 X
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Table 1. Mechanical properties and water vapor permeability (WVP) of

alginate, pullulan and chitosan films

Biopolymer Conc. Tickness Tensile strength Elongation WVP
(%) (fm) (Mpa) (%) (ngm/m*s-Pa)
Alginate 1 12.70+ 1.29 59.61+14.43 2.88+0.50  0.14+0.02
2 24.13+ 3.58 77.30£34.43 4.33%1.22  0.21%0.06
Pullulan 2 39.40%£14.20 43.85%£11.83 3.86+0.87  0.17%£0.03
4 81.83£25.35 48.66% 6.59 4.19+£0.72  0.46%0.01
6 39.02+24.66  49.77+ 3.61 4.60£0.56  0.57%+0.08
Chitosan 1 24.00x 3.22  67.07%£15.77 4.17+£1.01  0.26%+0.04
2 65.50+ 6.94 67.41% 7.75 4.65+1.18 0.51%+0.01
3 107.444£19.08 64.63£10.81 4.66+0.85  0.61£0.12

Table 2. Mechanical properties and water vapor permeability (WVP) of

alginate, pullulan and chitosan films plasticized with glycerol

Bioplymer Glycerol Thickness Tensile strength Elongation WYP
(%) (ym) (Mpa) (%) (ng'm/m*sPa)
Alginate 0 27.70x 5.25 75.62+£6.29  5.69x 0.72 0.26%£0.02
0.4 37.80% 6.42 43.26+7.86 23.16x 3.76 0.38+0.01
Pullulan 0 90.00£11.81 61.15+£8.58 4.63+ 0.61 0.59£0.03
0.4  96.70+28.60 16.50+£6.51 26.37£15.68 0.66%£0.02
Chitosan 0 64.80+13.18 64.23+£6.65  4.96x 0.05 0.54x0.01
0.4 69.40£10.27 32.20£3.19 10.16+ 3.55 0.62%+0.04
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Table 3. Effect of calcium chloride on the water restitution of boiled
rice coated with sodium alginate

(unit : %)
CaCls Alginate Soaking time (min)
%) %) 10 30 60 90
0.0 0.0 182 297 373 373
1.0 0.4 276 456 358 564
0.7 174 382 479 500
1.0 180 358 440 492
1.3 180 352 448 502
1.5 220 352 141 476
2.0 204 380 454 490
1.5 0.4 304 466 600 676
0.7 168 312 563 572
1.0 188 390 446 466
1.3 190 336 440 474
1.5 200 288 406 476
2.0 216 344 384 448
2.0 0.4 306 410 178 528
0.7 186 362 622 635
1.0 180 380 460 461
1.3 196 334 488 502
1.5 184 330 422 444
2.0 178 326 410 460
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Table 4. Effect of calcium chloride on texture of boiled rice coated with
sodium alginate

CaCls Alginate Textural properties
(%) (%) Hard.(g) Adhes. Sprin. Cohes. Gumm. Chew.
0.0 0.0 218 -21.75 0.76 0.45 99 76.8
1.0 0.4 260 -23.46 0.72 0.40 104 75.6
1.0 247 -16.75 0.73 0.42 126 89.4
1.5 324 -9.32 0.72 0.40 132 97.2
2.0 402 -21.47 0.75 0.43 177 133.6
2.0 0.4 191 -5.33 0.69 0.41 81 56.5
1.0 266 -1.40 0.71 0.40 108 7.7
1.5 248 -0.64 0.70 0.41 101 71.0
2.0 367 -9.70 0.77 0.47 173 135.2
3.0 0.4 201 -4.42 0.68 0.47 91 59.6
1.0 270 -6.12 0.72 0.41 111 80.5
1.5 279 -6.00 0.69 0.40 124 83.7
2.0 304 -6.87 0.72 0.42 137 85.8
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Table 5. Effect of calcium chloride on the restitution of boiled rice

coated with sodium alginate

(unit : %)
CaCly Alginate Soaking time (min)
(%) (%) 10 30 60 90
0.0 0.0 270 420 490 560
0.5 0.5 260 420 490 550
1.0 240 370 460 550
1.5 250 360 450 500
2.0 240 340 410 480
1.0 0.5 280 430 520 580
1.0 250 370 480 540
1.5 240 390 450 490
2.0 250 370 430 450
2.0 0.5 240 320 430 560
1.0 260 380 500 520
1.5 240 400 480 510
2.0 230 330 410 450
4.0 0.5 250 370 460 510
1.0 250 390 480 520
1.5 250 350 450 480
2.0 230 320 380 430
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Table 6. Effect of calcium chloride on textural properties of boiled rice
coated with sodium alginate

CaCls Alginate Textural properties
(%) (%) Hard.(g) Adhes. Sprin. Cohes. Gumm. Chew.

0.0 0.0 318.0 -34.86 0.64 0.24 75.2 49.5

1.0 0.5 360.6 -46.3 0.70 0.28 99.5 71.2
1.0 389.0 -61.3 0.63 0.27 103.5 66.4
1.5 324.9 -70.9 0.56 0.24 77.0 43.9
2.0 460.6 -70.1 0.50. 0.21 96.6 48.7

2.0 0.5 366.9 -30.7 0.68 0.23 52.3 45.6
1.0 309.7 -39.5 0.63 0.25 65.9 38.2
1.5 293.8 -33.9 0.62 0.24 67.7 38.2
2.0 486.8 -28.5 0.60 0.24 69.5 42.0

4.0 0.5 319.4 -15.8 0.52 0.21 62.0 36.3
1.0 322.7 -14.2 0.52 0.20 65.5 32.8
1.5 381.6 -23.3 0.59 0.21 88.4 50.0
2.0 451.6 -54.6 0.60 0.27 122.2 63.2
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Table 7. Effect of calcium chloride on the water uptake of boiled rice

coated with sodium alginate

(unit: %)
CaCle Alginate Soaking time (min)
(%) (%) 20 40 60
0.0 0.0 210 294 258
0.5 0.5 218 266 272
1.0 222 234 236
1.5 206 236 236
2.0 156 202 204
1.0 0.5 202 248 548
1.0 218 226 228
1.5 190 212 212
2.0 208 218 220
2.0 0.5 222 234 236
1.0 190 212 212
1.5 200 246 248
2.0 130 224 224
4.0 0.5 210 236 238
1.0 204 212 212
1.5 184 234 236
2.0 192 218 220
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Table 8. Stability of boiled rice coated with sodium alginate after

heating
CaClz Alginate Turbidity (Aseonm)
(%) (%) Room temp. 100 (TC) 121 (C)

0.0 0.0 0.70 0.62 2.10
0.5 0.5 0.67 0.30 2.02
1.0 0.25 1.23 2.10
1.5 0.24 1.46 2.10
2.0 0.21 0.57 2.12
1.0 0.5 0.65 1.79 2.35
1.0 0.33 0.66 2.07
1.5 0.24 0.45 2.34
2.0 0.30 0.37 2.30
2.0 0.5 0.20 2.00 1.58
1.0 0.24 1.86 1.30
1.5 0.30 0.49 1.77
2.0 0.24 0.62 1.92
4.0 0.5 0.51 0.37 2.11
1.0 0.25 0.41 1.68
1.5 0.13 0.40 1.64
2.0 0.17 0.74 1.83
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Table 9. Effect of alginate concentration on water restitution of boiled

rice (unit : %)
) Soaking time (min)
CaCla(%) Alginate(%) T 20 50 50
1.0 1.0 162 202 234 262
1.5 160 206 236 272
2.0 162 204 252 268
2.0 1.0 108 152 182 218
1.5 106 132 172 194
2.0 96 138 164 184

Table 10. Effect of alginate concentration on water uptake of boiled rice

(unit @ %)
CaCli%) Alginate(%) Soaking time (min)

20 40 60

1.0 1.0 70 70 70
1.5 22 30 32

2.0 68 72 80

2.0 1.0 28 30 34
1.5 36 48 54

2.0 20 34 40

Table 11. Effect of alginate concentration on stability of boiled rice

coated with alginate after heating

CaClx(%) Alginate(%)

Turbidity (Aesonm)

Room temp. 100 () 121 (C)
1.0 1.0 0.14 0.40 0.53
1.5 0.09 0.23 0.38
2.0 0.05 0.11 0.36
2.0 1.0 0.10 0.22 0.40
1.5 0.24 0.46 0.50
2.0 0.09 0.12 0.28
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Table 12. Effect of alginate concentration on the stability of boiled rice
coated with alginate

Concentration of Single coating Double coating
alginate Intactness  Turbidity Intactness Turbidity
(%) (%) (Ag60nm) (%) (Ag60nm)
0.0 0 1.746 0 1.273
1.0 0 1.749 1 0.442
1.5 0 1.654 6 0.253
2.0 0 1.626 30 0.180

Table 13. Effect of concentration of calcium salt on the stability of

boiled rice coated with alginate and autoclaved in water

Concentration of CaCly Single coating Double coating
(%) Intactness Turbidity Intactness Turbidity
(%) (As60nm) (%) (Ag60nm)
0.0 0 1.283 0 1.263
2.0 0 1.136 30 0.180
4.0 0 1.161 51 0.095
6.0 1 1.063 70 0.054
8.0 2 1.090 77 0.042
10.0 3 1.057 72 0.052
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Table 14. Effect of soybean oil on the stability of boiled rice coated

with alginate

Concentration of Single coating Double coating

alginate and soybean oil " Intactness Turbidity Intactness Turbidity

(%) (%) (Ag600m) (%) (Ag60mm)
1.0 : 1.0 0 0.696 10 0.202
1.5 :15 1 0.588 35 0.165
2.0: 2.0 4 0.503 90 0.043

Table 15. Effect of various edible oils on the stability of boiled rice

coated with alginate

Kind of edible oil Intactness (%) Turbidity (Aesonm)
Soybean 92 0.059
Cottonseed 66 0.129
Corn 67 0.077
Olive 66 0.073
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Table 16. Effect of concentration and type of calcium salt on the
stability of boiled rice coated with alginate and autoclaved in

water
Coagulant Stability
Type Concentration (%)  Intactness (%)  Turbidity (Assonm)
CaCly 9 44 0.509
4 48 0.448
6 49 0.465
8 83 0.209
10 58 0.517
Calcium lactate 8 28 0.254
10 68 0.143
12 83 0.102
16 85 0.072
20 78 0.116
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Fig. 1. Content of calcium chloride in stirring water of boiled rice
coagulated with 8% CaCly after coating with alginate.
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Table 17. Effect of pH on the stability of boiled rice coated with
alginate and soybean oil

pH Intactness (%) Turbidity (Aessonm)
3 57 0.151
4 73 0.081
5 38 0.043
5.76" 92 0.04
6 89 0.040
7 67 0.058

"Distilled water
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Table 18. Effect of seasonings on the stability of boiled rice coated
with alginate and soybean oil

Seasonings Stability
Type Conc.(%) Intactness (%) Turbidity (Agsonm)
Sugar 0.0 83 0.104
05 89 0.084
1.0 87 0.089
2.0 79 0.123
Sesame oil 0.0 81 0.112
05 86 0.094
1,0 79 0.136
2.0 80 0.107
Powdered red pepper 0.0 84 0.087
05 84 0.109
1.0 78 0.110
2.0 79 0.195
Salt 0.0 82 0.096
1.0 59 0.101
2.0 83 0.083
3.0 51 0.143
4.0 34 0.123
Soybean sauce 0.0 82 0.105
05 85 0.068
1.0 87 0.072
2.0 80 0.108
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Fig. 2. Stability of boiled rice coated with alginate and soybean oil
during storage at room temperature.

Fig. 3. Appearance of boiled rice coated with alginate and soybean oil

immediately after autoclaving. Left : non—coated, right: coated.
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Table 19. Textural properties of boiled rice coated with alginate and
soybean oil

Textural properties
Boiled rice Hard. Adhes Sprin. Cohes Gumm Chew.
(g)

Non-coated w/o soybean oil 4706 -47.7 0.60 0.48 2241 1333
w/ soybean oil 12720 -21.8 0.81 0.71 8967 7257

Coated before autoclaving 11983 N/A 0.88 0.32 3843 3362
after autoclaving 10974 -74.1 0.68 0.40 4395 2989
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2 t}. (Nakagawa, K. and A. Onota 1996, Oh, S. H. and W. G.
Choi 2000) H=3F A& F4ke] ®o} A] phytase T7H2 dEAba} ZgS v]x3 7}

| BEEHEA o5 F71& A SF48% okl F d= o=
Z 9}, (Bartnick, M. and J. Szafranska 1987, Laboure, A. M. et al. 1993)

o A EEAI AAML, 7 Ve FelE o] dfrHl e HAES

(o]
Mo o ol By

F <o) B &gt (Oh, S. H. and W. G. Choi 2000)

71 EARS 1Al Fafi gk Al A A EAEA T AA L s 2L gl
om (Kim, S. K. 1997, Lee, S. J. et al. 1996) 2} &l AH&-% 74§ chitinase®] A
AFEAE 5 AEAY AVRSV]s FHaHrt de AewE d#A Adnh
(Hirano, S. et al. 1990, Roby, D. et al. 1987) 7]E4FS 213 wound healing,
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elicitor2 AF&HAS W o8] T79 A=A S FXs7]% star 5 ¥4
ol ek A3E SV T Aol Bial Ho vk 7| EARS] A
#99 54d8kE wal = macromolecule?} 7] EAbo] Agste] Az o] v &7
A&fste] mAES AEA7IthE £ (Young, D. H. et al. 1983, Young, D. H.
and Kauss, H 1983, Ralston, G. B. et al. 1964, Leuba, S. et al. 1985, Siegel, S.
M. and Daly, O. 1972)3} 7] E2te] w] &) DNA9F 2 3Hate] mRNA &7 2 o
A HAdE Aesitts F4(Hadwiger, L. A. et al. 1985, Hadwiger, L. A. et al.
1984, Wagomer, W. et al. 1983)°] ¢}
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SNOE petri disholl EehE2 ToldvE 3 44 AHe=w Fo 19 9
E3 % CaClz €9 4, 6, 8% Zt7Z} 10024 @3t o3-S AU ST/
2 FAG 5 397 AAHES AXRAZ . o] H8E 23] WHESHIH

Wold #rlE AAUe] o %X (185mm, Watman)$loll BHFiL o] 12 A
718 5 ¥2]7F 0.1 mm o] & AL wolE Ao R &gt wolg-o wotw A
& 3wk Farste] ALHKim, M. J. 2003) 3H%laL, 3 41k 24 A 7iwt

Wol&(%) = . x 100

9] HA T} o] Wold AWE FFlo] FALE 100708 FAE Aof 5t 2
3t} (Kim, K. et al. 1991)

t}. GABA(y—aminobutryic acid) ¥4

GABA #2412 2(0h, S. H. et al. 2002)¢} 1 (Kim, M. J. 2003)¢] AdWH S
ool AAlsdnt. dAvE Dol 24, 48, 72 A ZFell 242} A o] o 3A] (watman,
185 mm)ell A AAAZAIZAT O o]de] ol S whal, g 40 dA S FEAT]
71 98] AAdAzE HoldnE AALARE el -70C W5 aolA] BaAsi
GABA A& 9air] 9™ Told | = cooking mixer(HM-308, Hanil, Korea)®
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w3ste] 500 m A= A FHshe AN BAA SR ARSI A Holl= 3
& =70 T Ygarel M Bk dotdv] Fof GABA
& ABED Hehe: FREILE 2(12:5:3)9] ¢
A413#2](13,000 g, 15min, 4 T)E F3te] A& 4
(watman, 185 mm)& o] #ato] Aol ALg-3F3lth GABA®] 34 fF=A3tE 93]
AccQ-Fluor Reagent(Waters)E A3l om o5 FuAo EdE s 3.9
x150 mm Accq-Tag™ (Nova-Pak'™ Cis, Waters) columng A3}tk Column
o R7KHE FEAZES &=A7]7] YslA AccgTag Eluent A(Waters)®t 60%
acetonitrileS AFE3FA T} 5= ol AABA (a-aminobutyric aicd)Z internal

standard = A3} Th

o
off
(E
o
il
||\
o
ob
N
2o

eh, 2 Algs 5 54

Alginate Mo 2 2x IEHIFE PoldnE ZHFFZE PHA F 20mL glass
vialoll 20944 uo] @i FHS 10mL® Yol 15 %7 autoclave #2353

th Vialol A oldu| & Ao} ko] Kokol HAA g 4% A s

M

o [€)
S A7rEAA 3083 TGS 1 Folls B2ow WES IASST A
= H

b 2 5o BegS Al

Ho
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ol
ol
=
32
rlr
s
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<
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e
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T g : FRE:FYAFE = 7515
of &R NFPELE EFI F 95% TS THF = 3122
& % NaOHE #7bste] pH 10¢] @& § 80TCeA 7dstwA wgkslEr), gt
1

00ml o #ZAAE 4g, 2dAE 1mlE H7FF 5 907
7

Ago) Az A AL fewel ARG fAG B
ato] % A AZAN F A

z
7] A7A = 25T, 50% RH 32357]0] Hastglc).

=7

||V
o
e

& F7+=: digimatic indicator (No. 99MAHO07B SERIES No.543
JAPAN)E AF&3te] 5atdlE A = HS USlth Tensile strength (TS)
elongation (E)¥: Instron Universal Testing Machine (Model 5566, Instron
Corp., Canton, Mass., US.A.& A}83}le] Z743}5t}. Initial grip separation®}
cross—head speed™ Z+Zt 5cm ¢F 500 mm/min ASTM standard method D
882-88(ASTM 1989)& Al&3le] TSe EE A4t Water  vapour
permeability (WVP)&=: Standard method E96-80 (ASTM 1987) cup method
7b AE AT 25T, 50%RH chamber (Model TR-001-1 Jeio Tech Co.,
Ltd., Korea)lA 2 A|ztmtth e FA FAa&S 5743t WVP correction
method (Gennadios and others 1994; McHugh and others 1993)Z A}&3}<
WVPE  Axelggdct. M=% Colorflex 45/0 spectrophotometer with
universial software version 3.73 (Hunter Associate Laboratory, Inc.,

Reston, Va, U.S.A)S AF83to] S350t}
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Table 1. Properties of biopolymers

Material Formulation Properties WVP
+ N
Soy ?g.éfiSPr;iXiiOOml water, Mechanical properties of 2.1-2.6x107°
protein ne, food, + Na2SO3, smoother, g/m Pa(Xie,
. pH to 8.0 using NaOH, . .
isolate . . . more transparent, higher Hettiarachchy
heating 80°C/20min,
. puncture strength, taste & Kalapathy,
cool to 20T, referred to non-coated 1996)
add 0.05% gellan gum P
(Rayner et al., 2000)
Whey ‘ Smooth gnd flex1b1§ films, 791-12.90
rotein 10% protein + water, good moisture barrier, mm/m? h kPa
?Solate heating at 90C for 30min good oxygen barrier, &
(McHugh & Krochra, 1994) improvement
of mechanical properties
by ultrasound process
Chitosan High moisture 44.64-167.28
gelatinous coating 9
) e g mm/m” d kPa
moisture sacrificing .
agent, expensive at thickness
gent, exp 0.047-0.059mm
(Wu et al.,2000)
Gluten 15g vital wheat gluten Heat treatment may
+72ml 95% ethanol improve 25.84-42.56
+6g glycerine +48ml D.W. mechanical properties g mil mm/m? d Hg
+12ml 6N ammo (Koelsch, 1994)
Gluten/ 10.5g vital wheat gluten 248.83
soy +4.5g soy protein isolate g mil mm/mZng
protein proceed like with gluten (Koelsch, 1994)

(Gennadios & Weller, 1994)
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2. A As i =49

A

3

7}. Wheat gluten

Wheat gluten< protein based material®2 77} &35 5 9= Edolt}
(Gennadios and Weller, 1990; Aydt et al., 1991; Gontard et al., 1992,
1993, 1994, 1995, 1996; Gontard and Ring, 1996). Wheat gluten film<
sulfite £ dissociation agents’} £A]8k= AFolyt 97| medium®lA] protein
hydroalcohol solutiong spreading®]t} drying 34 €& 4 At} Wheat
gluten-based filme 7}¥% protein solution®] FWHe] HAFE sking
skimming off 34 €& 4% At} (Watanabe and Okamoto, 1973). 1

r&i:lm

dissociation agentE F7}s8le] wheat gluten extrusion®Z filmS w=+& HF

% 9t} (Guilbert and Gontard, 1995, Redl et al., 1999).

e

ﬂHﬂ

s _L

Wheat gluten-based film<S water-resistant 3}il corn-zein ¥} H|5=3F
neutral taste(EA A0l o] ¢19)9} colourE 7MAY AEy AH HZ=3)
packaging material®2 ARE3}= Hlol= A A o] 2t} Celiac disease (gluten
intolerance)& 7FA|3 Q= Al&re] AL ZFEle] U o

S A5 2N FHY IR FTE Aslste ¢

Z5do] g Ep
wlEo] ZEEe] Sgolt Aol k.

[e)
= ) i }\]E

=2
g 27] Aol dojity]
Gluten® & 3A &L encapsulating additive® ©]-8% o] cereal product
of ¥4 N A W FistAS} A B FAE ANV &9
5 = 4 At (Redl etal., 1996). Gas barrier(At4:, oJ4tslgba) = 2 o)

A okt 2hds] ThEE ok Y] fEVIHE XTI ol 82 F 9

Wheat gluten® thermoplastic properties®t high chemical modification
potential G- network crosslinking®] extent®t hydrophobicity®] 2 o]
(& &4, lipophilized glutens AH&3te]) 7Fsattt. Glutens H| 2 %% ok
(envelope windows, paper coatings, biodegradable plastic films for

agricultural applications, soluble bags for fertilizers, detergents or
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additives molded objects (Jane et al., 1994; Guilbert and Gontard, 1995;
Bietz and Lookhart, 1996) S22 @Wo] A& 1 Ut} (Guilbert and Gontard,
1995).
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al(l
lo
M
R
ri
r-{m

= MM] 7}
FAANA Yura A5 EAS M EHE I 0]$°1X4 sk},

A
Ca, Mg¥ 9] &3&Eld|, AFE = alginates =2 849 sodium alginate©]t}
alginate'= TPAIv} M| 5 22/ AEHOZ 18~40% -5 A

2712 B-D-mannopyranosyluronic acid®} a-L-gulopyranosyluronic acid®
o]Fo]#x]  9d=d] D-mannuronopyranose ©¢Fko]  ER|EE MTE,
L-guluronopyranose @$¢4ko] &3t GTE 3 F 714 @97 5o vjd 5
ol Sl MGT-Eom FEHE 7 FAAEHE 1->4 2fow dAdH] S,
D-mannuronopyranose 9 C1(*Cy) #+%& 3 L-guluronopyranose 9]
£ C1(Cy) 725 FAstar o] 7t 7+ <] AbE wjdo] v 2}, dxFo] TFH
of whe} &x14ke] ZF 58 vl go] AR vEn, 1 A3 A4S FA O weEk A=
OE AdE zhet & 59 G g Hgo] & ¢4 ARt 2 AS FA4s
1 Azotobacter vinelandii7} A4tel= 4714ES 80%01d 9] -4 @ ©9I7F =
WHRE 2 E Zha glow AS 2 PAsHA Eh

hud
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Sodium alginate €90 Ca®" Sr*" Ba® 5 27} ¥ol22 H7letd, M2 B3 G
T8 F9] Alolo] EASHE 2719 FF2EA7I(R-COOH)S} 2719] | =E=A| 7|2 o]
Oﬁbi%ﬂ%m%ﬂﬁw*gﬂﬂ%%%%%ﬂ FHskA k. el Ca* o]
< G vl A3 alginate wAHE S A4 A A o2 B 29
©

AL PASHA o). Alginate B2 24kl Ft2 B A4S Folm g pHIF wol A
of whe} FFEEA) 7] 9] o] &3} AL} 7k pH3 o] stel A& o] 317} o A H ).
1 A3} alginate A= 1S QI 1 T4 228 54 2 HH AksE A

A ol YA BAE Abolel Fgte] Skl datel FAsA @
ok R AE AN A 283 A Ao Bo o] §HEd WEE 2 24

gt 2AEH, A G sHS G 2 Mo 24 vEa wjdel met
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Table 2. Main proteins used to form "bioplastics" and their principal
characteristics as compared with some conventional
synthetic plastics (adapted from Di Gioia, 1998)

Protein Nomenclature Molecular weight Tg (T)
Wheat gluten a,y,n gliadin 30- 80 160-190
glutenin 200-2000 121-145
175
Soy protein glycinin 363
Polyethylene low density 20- 60 -110 (Tm=112)
high density 200-400 -100 (Tm=134)
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Table 3. Physical properties of biofilms

Potato
Gluten Potato starch(4%)
starch(10%)
Thickness(um) 448.4 £ 4.20 243 + 0.02258 126 £ 20.12
TS (MPa) 0.776 £ 0.042 10.43 £ 1.55 4.867 = 0.189
) 143.230 *=
Elongation (%) 309.900 + 17.983 40.38 + 4.51 99 576

WVP ?
(ngm/m™s - 0889 + 0.1451 1.6172 + 0.2090 0.7544 + 0.0768

Pa)

Color DL 78.49 91.86
Da -2.20 -1.17
Db 30.69 0.63

Table 4. WVP of protein—based films added with beeswax

Film WVP T(C) AX (mm)
Gluten 5.080 30 0.050
Gluten/beeswax (emulsion) 0.830 30 0.090
Gluten/beeswax (bilayer) 0.023 30 0.090
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4. RN 2Y woldn| o] Az FAEA

7}, o}

o

Fig. 12 2o} 244 3F, 48X113F, o} 72A13bA) o] ]S A4 W] petri-dishol &

A whol A& Aprol o)

7| Eqte] AR =
incubatorell Al 72 A|ZF &<t
24 NRVAA = dobrh A A= Tt ot 4
- FAE] dokgo] FUFEAL, 1 o] f-o] ol AA wselA] &sith 4
(kim, M. J. 2003)e w=™ 25T

7} kol 3AAel 82.1%2] HAF T7HE BACH, ofF A&LH R Frhete] o}
AdA o= 90.4% o] FobE S HAAL. o] F-of ohg2 AU WskshA] skl g
oh 2 AN E 27l dopr AASTIE 244 3k0) At - dobrl 543

73

Fu oL Ak wopx 7] Alabeh ool = Hiel o] JAE o] AlRte]
4

e Aue] welgel WaE Hy] 9] 30T
alk

o
o
>,
N
iR

o K
>
N
é\j
[\l
X
o
rlé
M
Lo
e
£ 5
E‘!“
_N_,i‘l
o
4 =
2 T
x 2

3] Z7Hdata not shown, 28 4 %

B A 2F A= dotEo] TRl e Apol & ERU A AW A%
o}l-go] AA3 7FA%th (Kim, S.L. et al. 2001) #(kim, M. J. 2003)2] A& ol A
Wolgo] 90.4% = =A U AL BlE =4 § 3 A ofd] ufE WolAF 7]

o2 B A% wolgo] ojit} WA U2 A T T Ha 4G oo A |

REE S M e E S i

o

ol e} glutamic acid ol

B
obfro] w7\ EAS] BRIt FAASEE A Z Wolo] S AP

2
B}

2 woith Wold] WRF AAY LR FEE 4% FYIFY A%l % 4s
7 wEe] wobdul o] o) A91e AT FAE A AL o] A F

njo] ol By F FFo] 24 7HeAS dASHA W] 7] W= (Oh, S. H an
W. G. Choi 2000)°] E%ro}+1} glutamic acid Brol .t} wolgo] F2 % Q=
B 7} it} 53] chitosan A ol-2] 749 chitosan B ol chitosan C 2o

0o,

-
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T-r} olel g Aol FE A A YEFETE 50ppmell Al chitosan A ool who}
£2 44.26%% chitosan B wol-¢] 37.29%, chitosan C 2ol-2] 39.07%X3.th
F ko) 75ppmol A= chitosan A Wolt2] Wolfo] 56.74% % chitosan B
Fol-9] 41.99%, chitosan C ®rol7-9] 43.46%9F2] #}o] 7} wo] F7tsl3itt. 71
b 5%7F 100 ppm Y= chitosan A ¥ol+-9} chitosan B Wol-9] #ol&2 5
7p7F A4 @gkon, chitosan C Hobe] 45 43.46%14 49.84%= 5 7F3FA T
Etol 9} glutamic acid Wol++2] 4§ 7| EAM} glutamic acidE & Aol * 2]
woltebi= The] oFghe] o] F 7F A EqlTh

12

mli

HropA| hel whel A g ol n] o] WY FR(PhiE i) 54 A7 Table 59F 3
oh oldu] o] My FEEe Wola g whel FrbskE B e Blth 71EALY] 5
=7} 50 ppm¥ w) WMy FFo] AU Ao, J|EA FEI} F7hEte] wpe) AnkE
o7 WMYFFL 27150 2 FEE V| EAS A e A9 48 A|7H 72 A
7+ 9 uj chitosan A Zobo] MY FF ghol Zih.

A& Zoll IAAZIHE A& F3te] Eo] Sy, e} 752 Alxs e
g SuAERe 2ok AER Q20 tiste] AANES YERH o5 24
o] o A o g 83t} (Litter, E.R. and Dawson, E.H. 1960) 22| F4|
7F S7Fshs A "ol B o7] wEolH, ot

Z7H8 A% 27dE AA0 BE YA FREFAAL A AR Re e} oAl
gl o g 58HA Q) 4 RF 5 o] o] F0157] Wl Eolth.(Kim, M. J. 2003)

t}. y—-Aminobutryic acid (GABA)

Table 62 dhol dn]F o] GABA &S HolFE= #oltl. GABA X+ 50, 75,

100 ppm 7] EAF A 2] 7- 25 chitosan AS I AN o 2 AFL3S w7} 71 =&
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2 & YeRth @oba 7t mE) 7] EAF WholAte} glutamic acid ol GABA
grgo] FEs] STtk o Edolgto] 9ol = 48AI%F o] F-oll = GABA 30|
A FS7FeHA ekt 1A A7t GABA s S FAHQ) a9E Tk

< 2.(Oh, S. H. et al. 2002)5¢] A2zt LAt 2 Eol4 GABAS| &
AL ofe] o B4 A aRlE(d, ZIAASY A5, &k, AaAq, i 2EH )
93 FEFH+= AHe®E Humi doj(Bown, AW. and B.J. Shelp, 1997,
Crawford, L.A. ot al. 1994) 2527} 3t 4 ~E] 20 tl53}7] 93 2=tre] &
UZ GABA AQAAE 7Hs A7l dvkal AZEE(Oh, S.H. and Choi, W.G.
2000) 71EAF &AS dwn] ZopA] AR AR e]  GAD(glutamate
decarboxylase)7} 1% &4 3} o] GABA &%¢] 5%1(Oh, S.H. and Choi, Y.G..
2000) ¥ koL g},

A - 24417+ wf 50ppm 7] EA4F Wolate] oo} H A GABA ¥4 zbel= 68.5
nmole/g fresh weight ©]%1 o}, 75ppm 7| EAF Hol+9] 749 356.8 nmole/g
fresh weight, 100ppm €= 467.1 nmole/g fresh weight®E 7| EAF EX 7} Zo}
A4E GABA %49 Axx AXE Aoz eyt 100ppm chitosan A ol
745 24N 3R S] GABA 2 & Wolgto] oF 2.5 1), 48 AlZHAl= oF 3.2 W%l e
uh 7241 7HA o] GABA $H2 4323.2 nmole/g fresh weight & EWo}+-2] 1048.8
nmole/g fresh weight Bt} F 4.1 57}38F3 ). Glutamic acid ®ol7-%= GABA
shefo] A3 S71E = glutamic acid €W 2 M| E wolA]d 79 who}
o] "ojA|aL wrobA] o] FH 7 AE 4= Q17| wjite] 7] EAR} o] W8 elste
Aol o vpgtAstrhal Az o

mo n

e, ol @]y o2

= As W 7 EA AR so ©E ¥ 54X ghe] Wsks 1 73 2
obgo] 3t 80% ool ol 7t 3t bmm ©]sHdata not shown)Ql 484]
o] woldn| 5 AFolA] WS 9] Springiness, cohesiveness, chewiness,
gumminess, hardness 9] W35 BTt Hxx 5% g2 9o vk ) 713
o ke e, dnE A ellA BE ¥ 544 grel 7HE w9 &

L 2
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Wolgtek glutamic acid Wop7e] g2 Avy thEFo2 w3t 71EARe] F Tt
FolA S ¥z EAA gho] BF skl o= winl o] Ak v etk
Ae ougtt 22 v 7EAS A S e Bago] e winjo] 7}
7hE FAE UEIATE 50 ppm 4 W= 7| EAF EA#F o] 2ol el wE hardness
z}o] 7} 26 B33k ok 100 ppm & WE 607 LUl F4E €] 544 it
S0 27} HolH Yt 8 S(Jang, L K. et al. 1988)2 hardness?} )23 &4 2] 9}
HAA o] 53] Frhar shglt. wopw] = Wolo] mE v 22 Ask(Kang, M. Y.

et al. 2003)% <13l hardness ko] @nje] vlal| FFAsl7] witol 7|5 /d o] S
7l & = dvk. 53], Hardness® 45 71EAF A& $& o dvfolnt & o}
-, glutamic acid Fol7tol] wlal] @Wo] FAste] Fuge AuE F= ow 3
o] An o] AR =7s Hdojats Aol Al £& o ® AZdn. ey g
Aol g | EAke] RA ] 7 Aol wrhz FEY % dFgo] o F R A
Z+E T},
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(a) 24hr (b) 48hr (c) 72hr

Fig. 1. Germinated brown rice soaked in distilled water.
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Fig. 2. Germination rate of brown rice during soaking in glutamic acid
solution added with 50 ppm chitosan (mean%SD, n=3).
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Fig. 3. Germination rate of brown rice during soaking in glutamic acid

solution added with 75 ppm chitosan (mean+SD, n=3).
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Fig. 4. Germination rate of brown rice during soaking in glutamic acid

solution added with 100 ppm chitosan (mean+SD, n=3).
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Table 5. Weight of 100 kernels of germinated brown rice (g)

Concentration of ' Time (hr)
chitosan (ppm, w/v) Chitosan 24 48 72
50 A 2.3510.066 2.4510.006 2.4610.035
B 2.3010.041 2.421+0.021 2.4510.047
C 241%0.014 2.4210.032 2.4410.025
75 A 2.427%0.011 2.47%0.003 2.531+0.017
B 2.427%0.037 2.4410.010 2.4910.079
C 2.4310.045 2.44710.012 2.5110.028
100 A 2.40%0.039 2.4410.018 2.521+0.012
B 2.4310.007 2.431+0.008 2.48%0.016
C 2.41%0.006 2.4110.003 2.4810.008
0 Glutamic acid  2.4210.020 2.44710.019 2.4910.022
Distilled water ~ 2.45%0.014 2.4510.022 2.5610.030

(mean£SD, n=5)
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Table 6. GABA concentration (nmole/g F.W.)

Chitosan Time (hr)

Ca;‘]fg’“vrffvi‘)’n Type 24 48 7
50 A 820.6 = 109.99 1873.6 = 332.78 3405.9 = 146.71
B 798.9 = 84.36 1644.6 = 273.02 3160.3 = 380.76
C 752.1 = 45.13 1516.8 = 187.28 2938.8 + 536.32
75 A 890.5 + 112.31 1980.0 = 80.36 3488.1 £1638.15
B 848.4 = 70.59 1769.8 = 353.03 3298.8 = 331.23
C 817.2 = 88.93 1699.7 £ 57.54 2947.1 + 226.96
100 A 1026.6 £ 161.28  2883.5 £1477.79  4323.2 =1612.85
B 858.8 = 39.15 2071.2 = 377.00 3540.5 + 465.57
C 838.9 £ 79.21 17043 £ 4935 3433.1 = 734.69
0 Glutamic acid 811.1 = 18.86 1654.5 = 16.19 2542.0 * 276.89
Distilled water  410.0 = 30.01 902.* 102.69 1048.8 + 149.35

(mean*SD, n=3)
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Table 7. Texture profile analysis of cooked germinated brown rice

Chitosan Textural properties of cooked rice
Concentration Type Springiness Cohesiveness Chewiness  Gumminess Hardness
(ppm, w/v) (g) () (g)

50 A 0.744+0.038 0.477+0.012 27.020+1.750 35.536+0.657 73.947+2.568

B 0.735+0.023 0.478+0.002 27.120+0.811 36.266+0.235 75.085+0.300
C 0.749+0.007 0.478+0.004 27.725+1.332 36.403+1.343 75.840+1.624
75 A 0.703+0.047 0.464+0.015 21.232+1.206 29.330+0.628 62.695+1.201
B 0.673+0.046 0.458+0.013 21.151+1.754 29.980+1.828 65.898+1.537
C 0.706+0.044 0.462+0.005 22.975+0.972 31.396+0.340 67.209+0.221
100 A 0.675+0.037 0.452+0.016 18.492+2.239 26.783+1.932 58.634+2.357
B 0.674+0.012 0.445+0.014 20.080+0.968 28.834+0.969 63.867+0.404
C 0.688+0.020 0.459+0.010 21.836+1.310 30.223+1.141 64.448+0.648
Glutamic 29.633%
0 ) 0.769+0.028 0.490+0.004 37.535+1.184 75.857 +1.821
acid 1.085
Distilled
. 0.766+0.039 0.490+0.009 31.977+2.750 40.338+1.743 81.660+2.162
water
Brown rice 0.769+0.035 0.477+0.038 36.558+3.195 45.884+1.512 98.720+2.170
Polished rice 0.556+0.044 0.374+0.034 9.703+1.918 16.489+2.180 44.280+0.552

(mean*SD, n=3)
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Table 8. Stability of cooked germinated brown rice coated with alginate

CaCly (%) Turbidity (Assonm) Intactness (%)
4 0.181 42
6 0.243 42
8 0.306 55

Table 9. Textural properties of cooked germinated brown rice coated with
2% alginate

CaCls Textural properties

(%) Springiness Gumminess Cohesiveness Chewiness Hardness

4 0.805*0.048 66.231%£10.759  0.476=0.036 0.476£0.036 140.141%=23.703

6 0.883*0.050 78.289%18.687  0.493=0.026 75.309£22.737 179.620£28.803

8 0.845*£0.068 77.956%£18.153  0.048%£0.040 68.018+13.518 166.993+25.768

10 0.810x0.071 75.810x14.012 0.045=0.039 62.572£19.800 158.241%22.541
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