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Abstract

With the rising awareness of health, environmental concerns, and the growth of
vegetarianism, the market demand for plant-based milk products has grown rapidly.
However, the plant-based milk market in Taiwan currently relies heavily on imported
products and raw materials, making it difficult to implement environmental protection
and sustainability concepts. Additionally, Taiwan's domestic rice industry is facing the
issues of decreasing consumption and overproduction. This study aims to develop plant-
based milk using Taiwan's rice as the base and to investigate the effects of different
processing methods on its physicochemical properties and physiological activities. Brown
rice, germinated brown rice, and parboiled brown rice were used as raw materials. The
focus was placed on examining the influence of enzymatic hydrolysis and
homogenization processes on the quality of rice-based milk, with analyses covering
viscosity, color, antioxidant activity, and total phenolic content to determine the optimal
processing conditions. To enhance the utilization of whole grains, the experimental group
samples underwent a sieving process to retain the complete nutritional components of rice
and improve physicochemical properties. The results indicated that the physicochemical
properties and nutritional value of the rice-based plant milk were significantly improved

after enzymatic hydrolysis and homogenization. Enzymatic hydrolysis effectively

III
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reduced the viscosity of the samples and enhanced their fluidity; for instance, the viscosity

of the experimental parboiled brown rice milk sample (E-PBRM) was 9.92 cP at 7°C.

Moreover, the combination of enzymatic hydrolysis and homogenization resulted in a

finer texture and improved color characteristics. The total color difference index (AE*)

of the experimental group samples was less than 10, indicating that their color sensory

characteristics were comparable to those of commercial products. In terms of

physiological activity, the E-PBRM sample showed superior performance, with DPPH

radical scavenging activity of 61.51%, and total phenolic compounds content of 71.68 mg

GAE/100 g DW. Overall, this study established a processing framework for producing

plant-based milk using three types of rice, offering a novel approach for utilizing surplus

domestic rice. This approach may contribute to improved food self-sufficiency and

reduced food miles, aligning with environmental sustainability goals. However, the

findings also revealed that the stability and flavor of the samples still require improvement

following commercial sterilization. This highlights the need for future research to focus

on optimizing processing technologies and parameters to facilitate the commercialization

of rice-based milk.

Keywords: rice-based milk, parboiled rice, germinated rice, rice processing, whole grain

utilization.
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Fig. 1. Environmental impact of animal and plant-based milk per liter using different
impact indicators. (a) global warming potential (kg CO2 eq/kg milk), (b) water
footprint (liter/kg milk), (c) land use (m?*/kg milk), (d) acidification (kg SO2eq/kg
milk), (e) eutrophication (kg P eq/kg milk), (f) ozone depletion (kg CFC11 eq/kg
milk), and (g) energy consumption (MJ/kg milk).

(Khanpit et al., 2024)

(z) 5t ARAES w2 5B B

F AR RAE S A o W ERE K 4o (brown rice milk) 0 FIH ¥ F ey £ B E{ri B
Fhy w2z Py BIRAOATEOE BB -l w2 Wamfd i e
RN B s RSB RR BT R BRI 0 B I -l A PR (a-
amylase){r § § ¥ > f* (glucoamylase) k & f2f&F s > fx ! { § oo 7
frd s 7 g = 4 (Kittibunchakul ef al., 2021) - 335 Kittibunchakul % 4 (2021)2 #

AN SRR OKRE BRI AR ERFH e 0 BHAcA TR

ATZYFE p-REFELERF PP TUrd- ) P Ty tad IR
LARR o A RtE N B d B R F VR o RN ] AR S -
A PFE o FPEH P ER Lo AORARMAE R o T BRI F ok (nd
S i REE S P e ook 1 A B A R 0 R MR B R
(Kittibunchakul et al., 2021) o H jre 32 :}Fu}y%fj\],% T* 18 5}?14 R E KR g AR
YR Y AR T e e R A e AR E

PachfTy LB B Nl A AR Z R PERE > N F T B R A
EFpfe? S v AF FREPFE TR - # TN FIE Ay TR VRS
GABA 2 4if " Fehz 2 » a FRA DT K2 F ARG EE LRI Ft T

A BT AL P R W BT

|
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Table 1. Total phenolic compound content and antioxidant capacity of brown rice milk

before and after enzymatic hydrolysis

Stage of production = TPC (mg GAE/ Antioxidant activity (umol TE/100 mL)

100 mL)
FRAP ORAC DPPH
Raw BRM 3.66 + 0.86" 34.53 + 51.24 + 0.01 +
2.10% 8.03% 0.00%
a-Amylase 5.28 + 0.86" 38.59 + 187.42 + 0.03 +
digestion 4.06" 56.90° 0.01°
Glucoamylase 23.44 + 0.68" 63.45 + 532.27 + 0.05 +
digestion 1.13¢ 38.12¢ 0.01°
YSB-fermentation 15.23 + 4.15° 58.33 + 431.14 + 0.05 +
4.62° 42.72¢ 0.01°

Data are shown as the mean + SD of the experiments that were conducted at
least in triplicate. Different superscripts within the same column indicate sig-
nificant differences at p < 0.05. These comprised raw BRM, a mixture of rice
flour and water; a-amylase digestion, BRM after a-amylase digestion; glucoa-
mylase digestion, BRM after glucoamylase digestion; YSB-fermentation, YSB-
BRM after fortification and fermentation by L. pentosus 9D3, followed by the pH
adjustment. GAE: gallic acid equivalent; TE: trolox equivalent.

(Kittibunchakul ef al., 2021)
2w SR KR &S 2 R a4
Table 2. Enzyme inhibitory capacity of brown rice milk before and after enzymatic

hydrolysis

Stage of production % Inhibition

Lipase ' a-Amylase 2 a-Glucosidase 2
Raw BRM 1.33 + 0.03" 3.73 + 0.15" 1.18 + 0.22°
a-Amylase digestion 15.15 + 0.70" 15.09 + 1.27° 6.70 + 2.17°
Glucoamylase digestion 20.20 4+ 4.72° 58.39 4 3.49° 61.95 & 4.34°

YSB-fermentation

22.62 4+ 2.75°

61.97 + 2.484

64.50 + 2.224

Data are shown as the mean =+ SD of experiments that were conducted at least in

triplicate. Different superscripts within the same column indicate significant
differences at p < 0.05. These comprised raw BRM, a mixture of rice flour and
water; a-amylase digestion, BRM after a-amylase digestion; glucoamylase
digestion, BRM after glucoamylase digestion; YSB-fermentation, YSB-BRM after
fortification and fermentation by L. pentosus 9D3, followed by the pH adjust-
ment. ! Final concentration = 100% (v/v); 2 Final concentration = 10% (v/v).

(Kittibunchakul ef al., 2021)
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NN,
fet A2 E % ol d (T2 - o JH3t - &2 2 £ A fHE P (Poaceae) o B #
BEFEFRL SEEF - LHRFIoNAEFE F - FLAQE- XL R A0 g
fol AP e L 2EREF AR EF R UEE T ool P2 24 &
o wmBlie e PR FR s~ FRPELE S RERTS T RNE
BF R G P ER R TR RORTAR S 2IRAAE P 90% Y (F

%4 020125 FAO, 2021) « % 5 i 5 K AHr S Rifeh o fo 7 he b gk 2

fis sd HATMAETTY o PR R LR PR EF B R B

(-) f3 i

fert BB (Oryza) & 21 B fasries » p 5 &3 2 B4R 5840 4
Wl G g7 A4 32 4548(Oryza sativa)fe 22+ 3] 45 32 4548(Oryza glaberrima) » I Y £
AL TokAE 0 ke BT A G A0FE(0. sativa subsp. indica) ~ FL (0. sativa
subsp. japonica)fe ' e2 #5(O. sativa subsp. javanica)= B & #& o B ¥ > JIFEEHFE
B A a4t 12§24 (Kennedy & Burlingame, 2003) - 245 Malik £2 Chaudhary (2002)
R 0 IR RS 0 ARSI e 80% o R A o AL R B L ALAS
B R ARETER I 6 fE 0% 1 E (B AEF 0 2023) o KRR JTAEY 0 4

8 e R G 8 F2(0. sativa var. glutinosa) > B L fhfE 8 L AS AR R A

(Kennedy & Burlingame, 2003) o # [ K f&f s 1 H (L& E e M FR 7 F &
FeAr g M T R AR K SR S HRE AP B e M2 REAH -

TRERY AL S
Lo

B S A E TR R R ek B4R (amylose) 7 28 0 FH K

ts Ak fi i< (Kennedy & Burlingame, 2003) o 1345 4 #4 {8 o pcngd b > 7 B2 7 A

doi:10.6342/NTU202501111



BEAMEL A ANAE o B S TR BK ) 2 A FIE R E SR AT
PP > v B RAAEIC R 0 A HIFR A L e I F AHIE o A ffer

fa Taksl o dwH B4kl 7 BRE P 2B g (v A BHMET - &
L e Y o A d iR R B WIS A E

ERIES @K S f i (E 4 0 2016) ¢

2 A
LR 2 ENREFI LRI P F - ERFALAERDTLERE » EHITE

B fifeR s st £ L (FAO, 1997) 2 22 deid o £ R 155§ B bt

2 3 #it v g (Kennedy & Burlingame, 2003) o L 5 &4 4% s TERA L KA

ERANIRFEAF 3 FF RDTA > RSFLER A L Ap FAA fohok

Fuho FiEL B E AL G (PR 2016)

3. e

tafe A gest chp R4 > B gk B0 d L 4k (amylopectin) i & -
318 & R4 3 A1 (Kennedy & Burlingame, 2003) o %457 & & L7 & 4045 > 45
s TR B Rk ERED I AR GAERE Y c R0 FHiES
B BRI ERRA S s L TR FRREE LR
ERAME > FRECRLZAFT IR F W ¥ Wl AEs g2 g

BFERSEEEFE L > 2016) -

(=) fe3Re B
foghe Bl PEERIZ2 488 Y > KUK e (husk) ] p 28 en

4 A (bran layer) ~ #2.5* (endosperm)£? ¥2.5 (embryo) ¥ - & §%4 B @ iREfEE
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P ARBRBEY DREN > BAT el AR B a i e PR Y

AT e g o fel g BRI R - o KBRS B A b I
2B KT AT G e ST @I o XA 0 F R L b Ao R L
Floo i ¥ SERE D RN AR i o ea BE T RREZAFD K o gl
WeeR i fek P AR e 4 AT ARIREEE LG PR 0L

A

A BRIRAED A R AR 1

# 3
LR F I URRLRCINE £ S E

=

Thickness  Polishing Length Color py "I &
grading grading sorting L O b y”
: : : : g 1.7

“~ 5 '11

v v v v Polished rice

Bl= -~ fegawEElae o
Fig. 2. Milling process of paddy rice.
(Sun et al., 2011)

1. fe&

AR F IS N TR BE L 16%31 28%  d p f(palea)fr *t %
(lemma)*r = » 5 d 4974, A*#T B L AR ARE S RH S ?;é,f};_ffl};fﬁ
% (caryopsis) > I ® B § B R A F i fop i imre o B ik EsE > F KA

RN BE i&(ﬁ:] %4 chrt 5 (Juliano & Tuafio, 2019) » — = & “,% ek Bl %

2

-

Bk iEARY RGN R A sl o e ARk R e VIR o s a B

fafark ~ F vk foiT 2 vk £ (Mitchell, 2009) -
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2. KA

MR B AR AL he b R B 0 d % AL (pericarp) ~ fE A (seed coat) 2 AR
K (nucellus) e = » f F 3ot drmn 5o g o CfBA BT R ER O B RS
2 EFR 2 G2 FUFFANFASAAY o FOOEEAUARY B
# £ (Juliano & Tuafio, 2019) o g~ b » gk " & 5 B2 & 5k > ¥ ¥ B 2

Rz 800 4 i3 » T § 3041 iE 42 Y 4 3 (Bechtel & Pomeranz, 1977) o

AR B R DR R PR L ERS §F AR 0T
e 23 1T R enwmre B R > Fr>e B F RS2 %25 (Juliano & Tuafo, 2019) - # 4>
R 2 fmre 2 F G k94 7% (aleurone cells) o G5 FASA ¢ 2 fg FAE ~ Bv FTAIMZ

18 fik B &% 5 48 (Tanaka ef al., 1973) »

4. F
A A AN A R B B2 B MREA R 0 PR E Y T0% - 2
d I #5 #= & (subaleurone layer)frii 4~ 1% = & (starchy endosperm core)*7i =% o 7
BEA G § 30 T A B REATRRL E A F 5 R P R
Fikzed o d FPEAZRBIRES B RHZMkEF R AN LD
& it £ &R Juliano & Tuaifio, 2019) »
Fook s 5 AR frd 4k 2 2 B > BEF A RB it EFE o, £ 4
L L R B R R o 1 0 R B R A o R4
& (Singh ef al., 2006) » & 4k B3 RHER L5 0 BT = > d o-1,4-D-glucose #7
e 73 & F0a-1,6-D-glucose (5 i+ 0.3-0.5%) » E éﬁjﬁa‘;’\:—%ﬁf}_ TR ek o

PfIRT TP AR (PRI H W A A ) kA & P o L ddkps d o-1,4-D-glucose
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4
3)m
=

fries o £ F R AR H(0-1,6 8% 1 5-6%) o L4k L+ ER 0 T

B R A LT A R SR % (Wani ef al., 2012) ©

5. ¥y

At (AR > A & d 92 dh(embryonic axis)fe 'F & (scutellum) i & > b fE
BAE 2%3 3% 2 EA ¢ F R BB E AL 0 F R B a2 4o
$= & % (Juliano & Tuafo, 2019) « H ¢ > 32 $he 35 9% 43 (radicle)fr 2 7 i (coleoptile)
PR AT SRR IE R 22 & o F R oy B ol o

T R GG & 4 E R 2 F i (Kik, 1954) -

Hulls 20%

/ Seed coat| Bran 8%

f { Nucellus

I/ / J/ Pericarp

Starchy
endosperm
Aleurone

Endosperm 70%

Rice germ 2%

Bl= ~ feginidg o
Fig. 3. Structure of paddy rice.

(Panahabadi et al., 2021)
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E) et g e

fod 7 RypmEe BRI T A SR - T K G F o P B AR & (degree
of milling, DOM) A sk ¥ 74 % sk g Aok e £ & 0 o o= dp ik
AR R AT G ALR 0 £ T 2 S it 6 R - DOM § B4
A ok 5 (head rice yield) ~ # & § E v ¥ & F % * & (Gujral e al., 2002) - 1335
Li % 1 (2025)¢h1% jpedy & DOM 3 22.5%P% » A i ¢ £ §10.5% > 7 1 ¥ 2eh
o A HE - DOM $fed chg £+ 2 L3 HF R Fullgagia . as %
By FoRALFEA TR F A RS R 2 R R G

A B REDABAERY > Fa 5 R0 T odadae a3
EFALF P o ARRLT MG KGR RERD R 2T %

AR XA 2 7 8+ T " (Saleh et al., 2019) o 345 Li £ £ (2025)5% 3 (4r £

LS

=) WEF DOM ehfif4e » A ~ 5~ 3 - SRR W B0

\-m‘L

B AR T ERERE B R RIS 3 R R £ 5
AT ERJFA o

Bk hdd AR B AKARREAR R > FIH By R BN
(Kim et al., 2022) » g- ¢b > g B2 €5 $2F > F12 B~ 5% 00k
A EEEAAY BT A o ERMEG K W7 £ B F ' i(Saleh er al,
2019) %7 B0 FIFRERF AR A MABFT IR UG ERBDIL o
SHRATV A AMGEERE S L BEA ST RN ERT K FF RE RS

o B A4 a5 ot BB (Lieral, 2025) -
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Table 3. Composition and color analysis of rice at different milling degrees

YO Y2 Y4 Y6 Y8 Y10 Y12 Y14 Y16 Y18 Y20

DOM (%) 0 21 4.4 6.6 9.2 11.4 13.3 15.4 18.2 20.1 22.5

Composition of rice samples in g/100 g (dry weight)

Ash 151+ 1.40 + 1.27 + 112+ 0.97 + 0.84 + 0.76 + 0.71 % 0.69 + 0.68 + 0.68 +
0.03° 0.03° 0.05° 0.01¢ 0.04° 0.04 0.02% 0.01%" 0.04%" 0.01" 0.03"

Lipid 216+ 1.92 + 1.56 + 1.24 + 0.95 + 0.71 + 0.51 + 0.40 + 0.34 + 0.28 + 0.26 +
0.03° 0.05° 0.05° 0.04¢ 0.04° 0.02f 0.03% 0.03" 0.03% 0.01! 0.03'

Protein 8.51+ 8.39 + 822+ 8.07 + 7.88 + 771+ 7.58 + 7.49 + 7.41 + 7.39 + 7.36 +
0.05° 0.05° 0.04° 0.05¢ 0.01° 0.01f 0.03¢ 0.02¢ 0.02" 0.03" 0.02"

Starch 79.56 + 81.75 + 82,51 + 84.64 + 86.89 + 87.76 + 88.01 + 88.06 + 88.11 + 88.15 + 88.16 +
0.85° 0.664 0.84¢ 0.27° 0.51° 0.10% 0.40%° 0.15% 0.20° 0.20° 0.08%

Amylose 15.23 + 1572 + 16.03 + 15.87 + 16.72 + 17.57 + 18.36 + 18.93 + 19.50 + 19.83 + 20.12 +
0.15" 0.06%" 0.082 0.362" 0.31f 0.26° 0.3¢4 0.17¢ 0.12% 0.24°° 0.15°

Amylopectin 77.64 + 74.94 + 7413 + 74.67 + 73.94 + 73.43 + 72.64 + 71.39 + 70.27 + 68.64 + 68.02 +
0.35° 0.22° 0.82%¢ 0.65> 0.71% 0.49° 0.44° 0.11% 0.24" 0.36' 0.41"

TDF 1.88 & 1.74 + 1.67 1.51 + 1.38 £ 1.16 + 11+ 0.94 + 0.93 + 0.88 + 0.90 +
0.01° 0.01° 0.02¢ 0.02¢ 0.01° 0.02f 0.05% 0.042 0.03¢ 0.02¢ 0.042

IDF 1.63 = 1.53 + 1.48 + 1.37 + 1.24 + 1.06 + 1.00 £ 0.93 £ 0.86 + 0.81 + 0.83 =
0.04° 0.01° 0.01¢ 0.02¢ 0.03° 0.02 0.02¢ 0.02¢ 0.01% 0.03¢ 0.012

Total phenol (mg GA/ ~ 113.71 + 98.34 85.03 + 72.59 + 66.81 % 60.44 + 56.44 + 51.74 50.33 £ 49.48 46.16 £

100 g DW) 12.23° 4.75% 5.13° 4.46¢ 7.07¢ 3.53 5.87¢ 5.57" 5.48" 1.28" 6.64"

Mineral composition

P (mg/g) 3.24 + 2.99 £ 2,63+ 226 + 1.96 + 172+ 1.54 + 1.38 & 1.27 + 1.3+ 1.26 +
0.10° 0.17° 0.07¢ 0.11¢ 0.05° 0.07f 0.05% 0.06° 0.07¢ 0.08¢ 0.07%

K (mg/g) 1.86 + 1.74 + 1.57 + 1.35+ 112+ 0.97 + 0.89 + 0.82 + 0.78 + 0.76 + 0.75 +
0.06 0.04° 0.06° 0.04¢ 0.02¢ 0.10° 0.07 0.08% 0.08% 0.04¢ 0.12¢

Mg (mg/g) 0.86 + 0.79 £ 0.7+ 0.59 + 0.51 + 0.45 + 0.4+ 0.37 + 0.34 + 0.33 £ 032+
0.02° 0.13° 0.06° 0.114 0.01% 0.02¢f 0.02F 0.06% 0.04% 0.06% 0.05%

Zn (pg/g) 26.53 + 25.94 + 25.23 + 24.33 £ 23.25 + 22,47 + 21.96 + 21.53 + 20.93 £ 20.39 + 19.83 +
0.22° 0.35° 0.14° 0.56% 0.24° 0.62¢ 0.53f 0.91¢ 0.22% 0.66" 0.45¢

Fe (g/g) 6.49 + 612 + 5.83 + 5.59 + 5.36 + 5.14 + 5.01 + 4.84 + 471+ 4.68 + 4.66 +
0.03* 0.06° 0.07¢ 0.06% 0.07¢ 0.03° 0.08% 0.08%" 0.03" 0.04" 0.06"

Chromaticity values

L 89.16 + 90.87 + 91.46 + 92.45 £ 93.15 93.70 £ 95.20 + 95.53 + 96.22 + 96.47 + 96.67 +
0.14¢ 0.71f 0.83° 0.59°¢ 0.30% 0.12¢ 0.20° 0.26> 0.10°® 0.10° 0.10°
a* 1.64 + 1.52+ 1.34 + 0.88 + 0.79 + 0.74 + 0.68 + 0.61 + 0.56 + 0.49 + 0.47 +
0.04* 0.03° 0.01° 0.03¢ 0.03° 0.03* 0.02%¢ 0.01%" 0.028 0.04" 0.02!
b* 1172 + 11.18 + 10.62 + 9.62 + 9.35+ 9.02 + 8.61 + 8.46 + 7.80 £ 7.52+ 7.29 £
0.08° 0.06® 0.04° 0.01° 0.06° 0.06 0.04¢ 0.02¢ 0.04° 0.03° 0.07¢
TDF: total dietary fiber, SDF: soluble dietary fiber, IDF: insoluble dietary fiber, P: phosphorous, K: potassi Mg: magnesi Zn: zinc, Fe: iron, L*: lightness, a*:

redness, b*: yellowness.
Different superscripts indicate a significant difference (p < 0.05) among the sample groups.

(Li et al., 2025)
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ArREEPF G o RARE T IRR AR SR - RAR ISR
£ 5 24Fenfig it a4 (Gong et al., 2017) o Rm > sz it £ FRY AX MR
(drd w ) SEFEEATR DR 4o > HF 0 F g (4R ¥ 'E 1< (Pang ef al., 2018)
CAMEY A A G R BMT A2 2 BES AL AE FERG - HUL
FoRAfoy-2 TR Y 4308 5 A0 4 Bk 2y (Saleheral., 2019) - FE B
P Mip Rt A7 2 ERMEG A OF R P ET E o g LR

EHF
BETB T Bk 47 4 B SR RPN LR e

BA o BRA o d NIRRT S AT KR R > T o il S

EE A AR A et 8 v R ng R IF R o KL H
A E A Tei ke | SIS ALE R h (i 3T TR B £ o £ g
FEE R BT ARAR 7 SRS o 54 R S RE L (RS LAY Y

B3 et el P e LB ERBE RS 2 BB o FE AN G

=z

Ve A S R EARR R APM o R FIRT O R i &
EYARLE TR SR AR AR LE AL CRE S TSN L Ll
RFADFAFE R0 > Gl a2 HE > o Prgd f > d S HEFTFH
WA D LG REROT R  PaS Sl FE OV RF S Y F > ips RFY

KIS e G YR AR e e
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Table 4. Nutritional composition of brown rice, milled rice, and rice bran

Nutrients Brown rice White rice (milled) Rice bran
Protein (g/100 g) 7.1-83 6.3-7.1 11.3-14.9
Crude fat (/100 g) 1.6-2.8 0.3-05 15.0-19.7
Available carbohydrates (/100 g) 73-76 77-78 34-62
Crude fiber (g/100 g) 0.6-1.0 0.2-0.5 7.0-114
Crude ash (37100 q) 1.0-1.5 0.3-0.8 6.6-9.9
Energy (kcal) 363-385 349-373 399-476
Thiamine (mg/100 g) 0.29-0.61 0.02-0.11 1.20-2.40
Riboflavin (mg/100 g) 0.04-0.14 0.02-0.06 0.18-0.43
Niacin (mg/100 g) 3.5-53 1.3-2.4 26.7-49.9
Vitamin E (mg/100 g) 0.90-2.50 0.075-0.30 2.60-13.3
Nicotinic acid (mg/100 g) 4.4-6.2 0.8-2.6 -
Pantothenic acid (mg/100 g) 0.66-1.86 0.34-0.77 -
Ca(mg/100g) 10-50 10-30 30-120
Na (mg/100 g) 3.1-17.6 2.2-85 -
K(mg/100g) 120-340 14-120 -

Fe (mg/100 g) 0.7-5.4 0.2-2.7 8.6-43.0
Mn (mg/100 g) 1.3-4.2 1.0-33 -

Zn (mg/100 g) 1.5-2.2 0.3-2.1 4.3-258
P(g/100g) 0.17-0.43 0.08-0.15 1.1-25

17
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= TR

ke WAL IF YT R FESTEE A FE R BT
2 S REFFE (Fueral,2025) « 5+ sk (88 2 F T IFE - A8 0 4
B ERRMAE R F R e aBRREF ~ Y R R O RRFE o iU iR
Fa G oA RIS Y R~ R FE R HL LT foX g ir g v
f1#* % 4 (Nascimento et al., 2024) - ol REF RPN FTERY F G
Hu P hPRE 224 H a2 A B 83 Gldefedfit &4 1 2
GABA % » gt it EF R g 4ng v ~ L RENGA S IELRZE T (Wuet al,
2013) « Fpt o TR G TR EAS RS S TS
Pragpz fags £ {FEAFFERE eI £ BRIG Lehpr

j}g\i%o

= 7% 1 B (submergence stress) s # F LR A F T L E R R B T E 2 -

(Pucciariello, 2020) o § f&3x & PFRF RIF S0k Y o BERBE Y F § R &

R P RABHL A TLE A ] JIE - T T M i R 0 i AR
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PRI BRBRETETIEFLL c SRR RMEF R E A e R R
2+ (Pucciariello, 2020) o it &_F] 5 f&3F i&— #HrRend 4] > 287 5 P ILfEK

LR RS S e RO SRR RS R ER F R 0 S B Rk

TS

AL EF SRS BT o ABRORET  fed i B E S 5 TR R
i B A G KR

13d5 Perata & 4 (1992)c5%7 3 » it 4t 2 F F eif 2T > L300 ¥ Btk 5 eh
¥ 4 * 8 g

a4

WKL H M iE@ i~ BEf2 T (glycolysis)A 2 0 B i B 0 &rﬂfj{ﬁf_ bax

fiz (adenosine triphosphate, ATP) o - & % I3 ¢ > W2 * 74 4 @ R L e
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NADH ¢ e a#prie g § it 8% > ki NAD > " afFjgiaiv* qds
BT R IRmE e B R o

fegn2 B TP RS R EE S L2 BIEEECBT) o ¥ - FEE B3R
(imhibition phase) » 4= 453 §o % fEF R fok A > 1B (7 i WEAIB 4R T 0 A 1L ALARY
TR E A A SRR S TR o pLEE 5 SRS e B ET R T dmie oA e R BB Bide
fEE A R BN AR ST T RERETEF RN EFue

al., 2025) o % = FEEC G N BpEcds Hp (lag phase) » MU FF R RSS2 FEE 0 AR

N

P AT EE NSO  Bv Fior FE)aA 2 DNA B4 8 e A ja %
ATRA ] o Tl RS R PP RIS R T o Blde o RS RREE T
7 F b & (gibberellic acid, GA)UELEL /T > BEE T o-dk ks fr i 2c o B - ) A fRK
Bt LR fCE R BRF T TE i £ o B PF o 1B SR % fi(abscisic acid,
ABA)shjk 2 Tt o R 2 GBS R 2 (5% (Rajjoueral, 2012) o % = FEELRT S
9232 % B8P (radicle emergence phase) » >t % = FAEPTA 4 G £ A PR 3 e
AH O BB RBEL > RAF T EM e 1T > GA BRI ITY At pEE
PR 0 LB BERL B e it B > Ytz 4 £ o 1935 Rajjou & 4
(2012)z g 7 e AT it 3¢ o GA fr ABA B/23 2 €& 2 i
Mo H RS s KA o GA URKITL & # i 5 RS 2 ik
POk G~ Baemnisd R (5% o 7 ABAWELETRE 3 Magf+ kR ¥ 7
F#1F T niEd o GAfr ABA Sk BV b L A i~ (RS fad w5 2 BT F o
1295 Pucciariello (2020)sF7 7 » &% 49 tdr 3 B P 2 322 £ 0 R F1'%
TSP A ERE BN AL RN R 0 T - R TG ARk LY
Hehd 2R RE Fasgd Ko & fEEP I8 o P S F ¢ 20k (snorkel
effect) » BA 30 fE3 id RIR B P w4 FRA o Flpt > T B S G fEER Y we s

HE R AT S BaRes Tl y £
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Germination | Postgermination

Phase | Phase |l Phase Il

Radicle cells£longate

e £
2 Ie
g = § Cellg’divide and DNA
5 __g._g DNA repaired syfnthesized
) =
x o 3 ________ j— Protei hesized using new mRNAs
= o
R g%"s"ynthesmed using extant mRNAs

ﬂg—w“.a 2

a2 Mitochondria repaired ]

cHh Mitochondria synthesized
Solutes leak

|

Time
Ble ~ &+ 87 93 kFrk o
Fig. 4. Different phases of seed germination.

(Bewley, 1997)

) #F7 AR
FTEAEY- BAER XPIARBEF I AL LER LR FIERR
£ ¢

&

\\?@r
%

BRESERB-FFEREFTEEER Vg Fl R
W42 g 5 F (Li & Yang, 2020; Vicente ef al., 2020) o d >4 3 & (7 F7F & #5520 &
AP ERRAS  FRLKSRT R FILRFLFBS TRRED F e B Y
RyFE NSRS @R o RA o FkAE S RV AR RS Tk
B0 bldede s G fodT AT B 0 @ Fed) 0 8 T 2 4 32484 (Vicente et al., 2020) e
Voo RERSRBEFE LSRR AR EFTREEFR S 25°C 1 35°C
(Li & Yang, 2020) o &8 & 3% 10°CH] -7 M\ hidas £ 2 &M 0 em ERE ¥ X

G F 20 FEAREE RV IESP TS % (Li & Yang, 2020)
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I T Jw e *f#v Fralfa °

“J

kAL H T AT B ARIEY o k¥ F i LA F (phytochrome) s
R MGEE Y o KA o B kR EFFIE Y 0 LR FILH g R LT A(ABA)
kR A W B T B A% (Vicente ef al., 2020) o gt b 5 i FEH ST IR TR B

ST > NZ RIS pEZ {54 ¢ NILT L h% 1 (Liuer al., 2016) -

(=) &g F = (priming)

R A FF DT RALFPFOFS 18 kHz 12 )l i 4 4 chic £
PR FEL NI > 7 A S FA AR EAF A 0 T 5 F5%(sound intensity) i<
31 Wiem? ~ #5232 100 kHz 5 ™ 2 (4F B a0 B425 4 0 T 5 B 4 % 1 Wem? »
#g & 4 % 18-100 kHz (Nowacka & Wedzik, 2016) - it £ 425 A>T 8 FAE B ¥ R ¥
WHRA B B S RAG R FB g FH R St e
£ (Knorr et al., 2004) » F it £ A2 ik B * MOpLiR i ve S 0 0 RGE S prf] & 50
2 pTWELCEE R e EE L/ BRFRERL AR o b B BAE RS
ARG F T AR AR o R A B PEIEER T RAAT AL DR RS
Rwie N R RRE > NEEEF 2 R TRA BRSO E S

TR i 495 B 24 P 143 48 4 (abiotic induction mechanisms) 0 B_iE {8 - 48
P A7 N e B o s N e e 8 A 8 B (Veldzquez et al., 2017) « B ¥ 5 ge s iR 3t
Poo FERORT E S s b TR s NHMPR L SR EEME yiRAT
fe(GABA) % # 4 % 1= & (Silva & Dobra’nszki, 2014) o 42 § A aJZ 3 & B it
B3 15 B 5~ 55 B fodF 4 pF P (Nowacka & Wedzik, 2016) » F1 & it 43 & fd+ &
RN E P A A 7] e R s k(cavitation effect) > i@ EEK & TFF T4 A e
@ # P (Chematetal,2011) g § 3 BAFEF R - HHEF2 L2230 3

% Z(Nowacka & Wedzik, 2016) -
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FACR TR TS e B 458 dnve il RSP 2R A A 4

Ik
)

7|

ol F b RF AR ESRETHART AL RN > FRHIVES HE R D
IZV T o 18 e BERLR X A B 0 1 St g R S A s R
% % -z (Silva & Dobra'nszki, 2014) o ¢tk » 4z 5 chde LHEIR 2T it 49 B Pliwmre

NIRehp d AR - BB re Woonid 3 14 2 ¥ £ 4 (Nowacka & Wedzik,

Y

2016) o I L F BB KRR KA T FEY RS T L o R E T e

ery

MR iEd b T AT R S T F(Lee ef al., 2006) - FF BT 0 B

)

F M F 40 kHz ™ 0 # F R 0.137-0.344 W/em? 2. B > "EF AT ik 5 ey
oo EFOF TR FED EI395 BF R (Lee ef al, 2000) o 4t b B T o 3K
P54 25 kHz ~ 1.25 Wem?indg 3 i A2 > VA E /R BF ¥ =4 ® shGABA &2 4
s AR B B3 (Ding ef al., 2018) © iz S %P AL A RGBS R BPE R
oG o4 o A H F Y GABA R B 0 ¥ i & 5 0RpL R 2 iR (glutamate
decarboxylase, GAD)7# {24 = 5 B (Ding et al., 2018) -

AT S B A & B KRR (e RIT) 0 T Rk b
(sponge effect) e Z R fedg AL AL ERMPF > FIFWRT AL RS F1b o
Eh g F hINFEE R DG DA E T 4 RS BUR A MR
Bmre R 2K & 1FF 5 e i i B (Nowacka et al., 2012) » I T3
PRI 220 5 IV defE g e 0 AR R R GEEOER 0 T IR e

RN F R D o dole R ROk A K A i AR Ao BT ok

o

SR E S RS SRR L U E RS R

G

(Chatchavanthatr ef al., 2020) -
Flb o Mg kD O T T AR 0 2 EF R R T - R

o3 mikc 22 AMARS T B B R 5 4 F 5 it g
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CAVITATION — el ¢ }* N
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Fig. 5. Schematic diagram of cavitation phenomenon and sponge effect in ultrasonic

treatment.

(Redin et al., 2021)

(2) 8 Fhet chi i

T £ # ¥ f5 &(differential scanning calorimetry, DSC) # * 3% i Ji s g (2

-

FU A U ORA R RFER AT ORFARER R ERREE B
BR M F R AICERT &ii@ﬁ;#;éﬁv‘ 14 4413 % iy (Nascimento ef
al., 2024) - Wang % 4 (2020)41* DSCA 3 % ¥ 3k ¥ s cnB M » B % M7 » 4
FRTEROAZ kb R R LA o PR AT FFNE T ERY o
WA fE s 0 SAPE R A & A 2 & %3] % (amorphous region) 0 B_iE F 4R B R
BEEA L AP HE BHEIRTOELT > &6 B RAIRD

AR RS FE L G B E S F B
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WAt B T IBARY o o-Bkb BF S MRS RUROP R R4 R IR 4EF]E o Wang
42020045 & 0§ B TR A 35°C B el PR A AR E B 208 TR & 30°C
E25°C chie v o SEF# TR R DA F o ook PR el b B2 3 s (R B &
0.04-3.19 Ulg) » ¥ 4 i et = 4oid 1 R4S vk R 1% o MLEIRAE A 15 5 SR
ME PR > Bt F TREL P RELFEN > s R E o

% B #H ¥ ;8 T F B Hcsi(scanning electron microscope, SEM)BEL 2 7 4 IR (4r ]
2) o Ak A TEAEY BB S 2 PR o 8 T SuREITR L

pas

PRI AR - RePAHE o TEFFTRAESEF 0 B LG e kR ATH 4 o
PR S ol EE AR R AR 0 4 N T AR 0 B 6 RS 1R
R IR KGR S HA SRR A G A2 VR R A Y BT TR
KPR R RS A T AT o R  MEFF TR ARG R T

{ 73523 ik 3Ek > &2 SEM = 3 % % 4p 2 (Wang et al., 2020) -

GBS-30C

B2~ R 25 TR R S T B (SEM)R R -
Fig. 6. SEM images of starches from native and germinated brown rice.
(Wang et al., 2020)
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FE R R RS AR AR T A 4 QR AR R 0 AT R A R A &
Bo* i o 1RRR WS ks 0 R 0 TR TE T ACT K R s 1 R Bew
TR LMY RE R TR AP0 0 T T ARR G PR T AR g o
AR BN RIEEE RO SURRIE Y 4 OB 0 SR AR 0 28 E AR
oo gboh o g T RITE KT Sf ks e 2 (& (breakdown value, BV) » BV ik

;,l:f;*—;aibgﬁﬁ_:‘ , ’$ AL E D B ]__;fé':ﬁg‘ét§iu£ g TR 4 2T » AR T Y en

&

tg & o Flpt o BV F B RGBT iR T ) KB OBV R AR e Bt F S E

f

5‘&

B2
o

i3 0 @ UK BV R AR B R R B £ PR S8 ER

PR AR VALY BB RAE U - 1 RER T ER A

%

]

N~
@
~af
i

Ao e RARR R 0 T oA Bk A FhAz B enfp s v 4 TR Moo i

o

£

Riad

&=

o
o

P B A L AR hA T ARE R R KRB A S £ AT

¢ o A BEH AR B v RS (Wang er al., 2020) -

100
— Rice starch |
1200 — GBS-25°C [ 90
J —GBS-30°C |
1000 4 _— GBS'35 nC - 80
1;,\ I —_—
C'Lz 800 e
@
g -60 5
2 600 L E
[o]
= 400+ i 40 &
200 |30
0 ‘?J T T T T T T T T T T 20

400 800 1200 1600 2000 2400
Time (s)

Bl st 22 g TR R 2 W SR
Fig. 7. Pasting curves of starch from brown rice and germinated brown rice under different
germination conditions.

(Wang et al., 2020)
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X 5f 5 455+ (X-ray Diffraction, XRD)A 77 # 3+ BLEA > chig K (B~ ) o
ks b AT RRASEHA 2 A BACAE VAL R < BA

B L A A S S B 1592 17° 5 1892 23.5°% # e iEitiE o Wang

~m)

£ A Q020 L FR GEF T AL § R DL B R KT & €T
MHEAREE R R o 2R T A A Y a-lkoks fE T ORGSR GG & R B BUR
Beos A F OB R A G B ea e R LB SRS LA N -
PR EEMTRER S % XRDBlFHY S B R - L BES AL F
FYRIEE R SHEEF LR FRL I AN AT R R R RB A S

B - HRF B A T BT (Wang ef al., 2020) -

\
J WA s
i

GBS-30 °C

/ "y GBS-25°C

Relative intensity
é

Rice starch

5 10 15 20 25 30 35 40
Diffraction angle(2 theta)

B~ Aol &3 e TR 2K 2 Xoray SESRIGE o
Fig. 8. X-ray diffraction patterns of starch from brown rice and germinated brown rice

under different germination conditions.

(Wang et al., 2020)
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FYRILT B F e R AR (& D) 2onk 2R F TR K2
AF(e 3 -l fF o~ Bk B~ 3 A PR R B RRIR R R )0t o SRR AR R G gy
AR RAER O B E RS R E L F R kT e LA

Jiamyangyuen £ Ooraikul (2008)%% 3 &1 » 3 Tk enB F AR A F 7K

R\

g-f%h[ﬁ/i’f ;??F&F’&mﬁf'&’ﬁ”l’ﬁ K FﬁF’&“@t ‘H}/}é""

CREF SR TREE 2 1

Table 5. Cooking properties of brown rice and germinated brown rice

Soaking time Germinating time Cooking time Width expansion Length expansion Water uptake Volume expansion

(h) (h) (min) (%) (o) ™ % %
Ungerminated 19.2 37.1%1.7 18.9+0.74 74.4 67.4

6 0 15.2 65.7°42.5 19.1+0.1 74.1 73.7
6 14.8 69.5%1.6 18.0+0.0 71.8 74.0

12 13.6 71.8°42.8 19.0+0.1 70.6 66.4

18 13.2 77.9°1.3 18.5+0.2 68.7 63.6

24 12.8 78.0°£1.8 18.8+0.1 65.1 61.7

12 0 14.8 66.5°+2.7 18.1+0.7 71.5 66.7
6 14.2 76.1°£1.1 19.0+0.7 70.7 65.2

12 13.6 77.0%+0.1 19.0+0.0 70.1 64.1

18 134 77.7%°+0.2 18.3+0.1 67.0 59.9

24 12.8 78.6°+0.3 18.6+0.1 65.2 59.6

(Jiamyangyuen & Ooraikul, 2008)

@) ETRFLYHFE
R AT T R IR 0 B AR P R AR AT E RS o A
B R 2 TR TR ARk R R A REAR RIS b

‘rﬂ

EE": L/Yl%wl%éﬂnia%ﬁ’g_“a’_,‘l%‘

P LS EN Y T WY %
T H 2 A s g F(Juliano & Tuafio, 2019) © 4 5 HLAFT 2430 4 4 K 2 g0 i >
B Ak T o E R R 2 %% R (Oliveira et al., 2025) » 5 5 @WAZ™ i

BMERZAGFLERRE - LigFafeflizid kY > ¢4 3 EF 72428

o

A FE R WA R BEE M e A T AT I RkSEE o BER

s A RAF SRR A L H L S 0 e B P R R
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EpEARE S MEEY RS2 BRMAS F T AT % S (Wu et al., 2013) ¢

Wuikemamp;ﬁm’%?ﬁﬁ%*&%ﬂi*%%%ﬁgé 7HF
FE-FA B TR 2 RRE ZETE > L0V UG RH o Rk
F Y et g i £ o 1395 Veluppillai % 4 (2009)2. 7 5 - & ¥ B 427 B F % 2ok
PN FHRARE T AR T2 7R o R o FNMER AR 7 2 RIX TP
TG REE R R TR B REN g L T TR A Y iEAEY R A AT
"#(Wu et al., 2013) = 4r2 = » 1395 Ukpong & £ (2023)2. 7 3 4p &1 » 3 5 Hjise &

FRAMN 2808878 SV R AP T ERY BE2 TR ELATL D

’

fm¥e BE#Tk (Lee et al., 2019) - 8 & (phytic acid) i % — F84° & &) > § L2437 2
B2 - B BRI EY  BEFHF T2 2 FH 1% F(Kumar ef al.,
2017) o gt 7b > HEEE W FLRIH S A G TGP EY > EREELF
R~ B9 FORfEGIC S0 2 3 f2 B % '8 i (Cheryan & Rackis, 2009) ¢ i #F T
o RPN R jEREEZ SRS o B E MO fE Y LR A MR
P Fr2 4 F 1+ 5 (Ukpong et al., 2023) -

FTVRGEN RPEEERLECIEY > HFRRRL LRSS RBEAS
AR Z BE(HrEk o) Terd v g e it o 1245 Oliveira & 4 (2025)%7 7 >
BTVRAML FRAFFR DT E 0 FYUEGABA C Y T (0P 4
fe s FAMEFABR)E - ©F R AAEF T ERY MREFEELSFY AL
Bwmie oty R GEF SRR 6 0 E- HRARPHE P
£ (Wueral,2013) o b > A FiBf2? £ 5 Aif 8 715 513 # > 832 GAD
FEAE4E S 0 B4 B RORREEE 5 GABA il 4 o GABA % - fB2tRn AT
AL BAG S BB Y o B AN TSP RA K S
PERES T B3 SFERE AT AL B o gk E 4 2 i (Koh er

al., 2023)
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Table 6. Composition content of white rice, brown rice, and germinated brown rice from different rice varieties

Sample Proximate, energy, total starch, amylose, total reducing Sugars Compositions (%)

Protein Ash Dietary fibre Moisture Fats Total CHO Energy (J) Total Starch  Amylose Total Reducing Sugars

FARO 44 CULTIVAR
NMR  10.16"+1.17 1.26g+0.01 5.20+1.05 10.46°+1.11 1.00°+0.00 77.158+5.41 1,498,876.16°+210.09 76.06°+4.21 35.872+231 2.16f+0.95
NER 1099 ¢ +1.20 1.32%+0.03 8.20°+1.14 12.50°+1.20 2.46+0.09 72.49Y+4.99 1,489,755.04¢+190.09 67.09°+5.21 35.10:+3.01 1.67+0.10
GBR,, 11.56/+1.31 1.97°+0.07 8.91°+1.11 10.65°+1.26 2.98°+0.12 70.83*+4.10 1,491,093.929+187.11 59.18°+4.90 25.68°/+2.57 3.50°+0.97
GBR,, 11.87¢'+1.22 2.74°+0.08 9.00°+1.12 10.98°+1.20 2.95°+0.10 6591%+5.00 1,412,811.28+219.15 58.07°9+3.11 24.179+2.70 10.11*+1.20
GBR,; 12.009¢+1.10 2.809+0.10 9.29°+1.16 10.60°+1.30 2.95°+0.13 63.00°+4.23 1,366,285.20'+167.23  56.009+4.96 21.95°+229 5.714+1.27
XGBR 11.81 2.50 9.07 10.74 2.96 66.58 1,423,396.80 57.75 23.93 6.44

XF 44 11.32, 2.02, 8.12; 11.04, 2.47, 69.88, 1,451,764.32, 63.28, 28.55, 4.634
FARO 57 CULTIVAR

NMR  10.18"+1.17 1.26g+0.01 525/+1.05 10.46°+1.10 1.00°40.00 76.88°+4.98 1,494,692.16°+210.09 76.10°+5.12 36.01°1+2.31 2.10f+0.95
NBR 11.05g+1.19 1.38710.04 8.25°+1.14 12.48°+1.20 2.35"30.09 72.45°+510 1,485,947.60 ¢ +189.90 67.03"+4.57 35.05°+2.68 1.79'+0.14
GBR,, 14.54*+1.40 3.36°+0.12 9.232+1.18 10.90°+1.23 2.90°+0.10 71.09¢+4.11 1,542,306.082+233.00 60.92°+4.98 28.14*1+2.71 5.144+1.10
GBRy, 14.77°°+1.10 3.82"+0.12 9.25°+1.19 10.88"+1.23 2.92°+0.10 66.99+4.12 1,478,290.88'+190.51  57.24°+5.17 26.72°+2.46 11.23"°+1.81
GBR;; 15.01°+1.51  3.98°+0.11 9.31*+1.17 10.86°+1.27 2.93°+0.12 64.21%+5.00 1,436,158.000+214.93  55.809+3.97 22.05°+2.59 8.88°+1.52
XGBR 14.77 3.72 9.26 10.88 2.92 67.43 1,485,571.04 57.99 25.64 8.42

XFg 13.11, 2.76, 8.26, 11.12, 2.42, 70.32, 1,487,495.68, 63.42, 29.59, 5.83,5
NERICA-8 CULTIVAR

NMR  10.16"+1.16 1.24g+0.01 5.20'+1.06 10.46°+1.12 1.05°4+0.00 77.00°+5.71 1,498,248.56"+200.00 76.08°+4.52 35.60°+2.31 2.00/+0.88
NBR 11.00g +1.23 1.33%+0.05 8.10°+1.15 12.45°+1.20 2.33%+0.07 7257°+5.00 1,486,366.00°+216.01  67.00°+4.38 34.00°+2.81 1.71f+0.02
GBR,, 12.03%+1.26 1.95°+0.09 8.619+1.15 10.81°+1.25 2.53"+0.09 71.00*+4.21 1,484,859.76"+226.08 60.95°+5.00 29.12°+2.74 6.15+0.97
GBR,, 12.239+1.20 2.754+0.10 8.72¢+1.19 10.87°+1.20 2.51+0.10 67.94%9+4.88 1,436,241.681+195.40  57.65°+5.48 27.45"+2.88 12.552+1.99
GBR,, 12.70°+1.20 2.784+0.10 8.93"'+1.08 10.79"+1.23 2.52b+0.13 62.01°+4.09 1,345,239.68™+177.84 54.919+4.46 22.01°+3.02 9.01°+1.17
XGBR 12.32 2.49 8.75 10.82 2.52 66.98 1,422,099.76 57.84 26.19 9.24

XNg 11.62, 2.01, 7.91, 11.08, 2.19, 70.10, 1,450,174.40, 63.32, 29.64, 6.28,

Each value is the mean + standard deviation of three replicates. Values with the same superscripts or subscripts in each column are not significant difference at
p>0.05.

NMR= non-germinated parboiled milled rice; NBR= non-germinated brown rice; GBR= germinated brown rice; subscripts 12, 24 and 36 are germination durations
(h); XGBR = means of germinated brown rice; XFu,, XF5, and XNz = means of each cultivar.

(Ukpong et al., 2023)
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Table 7. Bioactive compound content and antioxidant activity of white rice, brown rice, and germinated brown rice from different rice varieties

AR fEE a9 F RN A BT RAZ A EEST I EE R

ERTE

Sample

Bioactive compounds and antioxidant activity

GABA (mg/100 g)

TPC (mgGAE/g dry weight)

TFC (mgCE/g dry weight)

DPPH (pg/ml)

FARO 44 CULTIVAR

NMR 0.60'+0.02 0.50°+0.03 0.02"+0.01 0.05"+0.02
NBR 2.10 g + 0.07 1.01°+0.08 0.102+0.05 1.25 g + 0.09
GBR,, 3.92'+1.00 1.10°+0.07 0.09%°+0.05 2.97'+1.00
GBR,, 5.984+1.09 1.272+0.06 0.08%°+0.01 3.10°+1.09
GBRy4 7.90°+1.22 1.30°+0.09 0.122+0.04 5.61°+1.23
XGBR 5.93 1.22 0.10 3.89

XF,, 4.104 1.04, 0.08, 2.60y

FARO 57 CULTIVAR

NMR 0.65!+0.04 0.55¢+0.03 0.03°+0.01 0.07"+0.02
NBR 2.57 g+ 0.15 1.00°+0.01 0.08%"+0.03 1.93 g + 0.08
GBR,, 5.48d¢+1.09 1.06+0.07 0.0620+0.02 4.954+1.09
GBR,, 6.90°+1.21 1.08"+0.09 0.08*"+0.03 5.87°+1.15
GBRy4 9.10°+1.74 1.07°+0.07 0.10*+0.04 9.05°+1.10
XGBR 7.16 1.07 0.08 6.62

XF., 4.94, 0.95, 0.07,, 4.37,
NERICA-8 CULTIVAR

NMR 0.46'+0.05 0.50°+0.04 0.02"+0.00 0.05"+0.02
NBR 1.85M+0.12 0.95%+0.09 0.05%°+0.02 1.80 g + 0.08
GBR,, 3.57'+0.99 1.06"+0.08 0.08%°+0.02 4.00%+1.10
GBR,, 5.20°+1.00 1.07°+0.08 0.08"°+0.03 4.55+1.03
GBRy4 7.27°+1.10 1.08+0.06 0.112+0.02 7.38"+1.02
XGBR 5.35 1.07 0.09 5.31

XNg 3.67. 0.93, 0.07, 1.43,

Each value is the mean =+ standard deviation of three replicates. Values with the same superscripts or subscripts in each column are not significant difference at
p>0.05.

NMR= non-germinated parboiled milled rice; NBR= non-germinated brown rice; GBR= germinated brown rice; subscripts 12, 24 and 36 are germination durations
(h); XGBR = means of germinated brown rice; XF,,, XF;, and XNg = means of each cultivar.

TPC = Total phenolic content; TFC = Total flavonoid content; DPPH = 2,2-diphenyl-1-picrylhydrazyl assay; GABA = Gamma amino butyric acid.

(Ukpong et al., 2023)
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’

SRR TAF T RAAL Y AR BT A APl o B T HARS S5
BT 2GCR SRR A ARFEFTEEY ¥ X E € BEE XA R
25 ) (Bhar et al., 2022) « F]3* > 2 B RALER §ERPLFEL A ENF R R E -

1995 Wu % £ (2022)s9%7 5 > ripkt i& 75 5 2. GABA 7 & &8 ¥ 36 /| FFiS P B

-

BOTFEFE T BN (Ao B4 ) o HB R FIF A EASE AT T AT € sk s s
HEFTHIRE o i2a M GAD E M 0 $ + GABA ihE £ T o R o
FURABEE CRFMNSEASF A Bh1E RSRE T au Y B
BEF A T (e ) R USRS R A TR FIR P i

BT E R FOERA A (Wuetal, 2022) 0 2Ra > I fEREFHFT 0 H AR
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Fig. 9. The GABA contents of the brown rice germinated in the form of paddy (GP) and
the brown rice (GBR) for 18—72 h germination.
**%(p < 0.001) was considered statistically extremely significant between GP and GBR
at the same germination time.

(Wu et al., 2022)
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Table 8. The phenolic and flavonoids content of the rice germinated in the form of paddy and brown rice for 18 — 72 h germination

Sample Germination Time (h) Phenolics (mg GAE/100 g DW) Flavonoids (mg RE/100 g DW)
Free Bound Total Free Bound Total

GP Control 52.43 4+ 0.919F 16.45 + 0.289°H 68.88 + 1.029H 28.54 + 1.65C 20.74 + 0.39F 49.28 + 1.31°¢
18 75.19 £ 0.63° 15.54 + 0.699" 90.73 + 0.40°° 47.15 £ 1.40°¢ 24.33 4+ 0.71°PE 71.48 £ 0.93P
36 113.47 £ 4.09%4 22.33 £ 0.24F 135.80 + 4.06%8 61.71 &+ 0.83%4 33.26 + 2.09°® 94.97 £ 2.82%4
54 110.84 £ 1.69* 27.96 + 1.23% 138.80 £+ 0.93% 55.23 + 1.83%8 32.12 + 0.25%¢ 87.35 + 1.93%8
72 81.58 £ 1.33%¢ 34.21 + 0.48% 115.79 & 1.29°F 30.85 + 1.05F 24.87 4+ 0.20°P 55.72 = 1.02F

GBR Control 52.43 £ 0,91 16.45 + 0.2896H 63.88 + 1.02°H 28.54 + 1.65°C 20.74 + 0.399F 49,28 + 1.31°¢
18 72.49 £+ 0,967 17.44 £ 0.94% 89,93 & 0.434° 33.98 £ 1.18°F 31.20 £ 0.30"° 65.18 = 1.22"F
36 85.87 + 1.84%8 37.63 + 0.77°¢ 123.51 £+ 1.59"P 44,40 + 1.48%° 37.04 + 1.123% 81.43 + 2.55%¢
54 80.91 + 1.37"¢ 48.18 + 0.54™ 129.08 + 1.68% 35.01 + 0.44% 32.43 4+ 0.93"8¢ 67.45 + 0.67"°F
72 73.19 + 1.21°P 45.66 + 0.46"8 118.86 + 1.62°F 20.41 + 0.749H 23.14 + 0.49F 43.54 + 1.2199

GP: the rice germinated in the form of paddy, GBR: the rice germinated in the form of brown rice. Values are presented as mean + standard deviation (n = 4). Different
lowercases indicate significant differences of the data among the different germination hours in the same group (GP or GBR) (p < 0.05), and different capirtal letters
indicate significant differences of the data between germinated paddy and germinated brown rice in the same column (p < 0.05). GAE: gallic acid equivalent. RE: rutin
equivalent. DW: dry basis weight.

(Wuet al., 2022)
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7E # % 4% (parboiling process) 5 — fA5iEEF ~ # & % fok ik d sea WAz o
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de1 g1 E B ok F (Bhar et al,, 2022) o fede 1 EE G o R AIE A 0L ARk 0

BFF &3 EF S SRSk iR Lit(littanit & Angkaew, 2020) o %
T kbt etk e B b o TR R AR faof chg S I% B o H RN K o
léﬁ: ‘} ,—»_?_tﬂiﬁx'# B ende 1 ‘}%ﬁ%\p ’ 1‘2—; %"L@Wﬂs \‘}%/L}@)}* A q0 o~y

et o & > B 7(Taleon et al., 2020) »

(- ) FR 41 i

R AL R FEF FE = 16 4l 42 (Derycke et al., 2005) °

'_'S

Lo g RMFEEFEFNRY > RS BEIIRBIEAI . P AR LG Y
Bk AR R KB A B TR R AR R o o fRRE R
$7 1 "5 & K (Bhar et al., 2022) o i3 @ARTVE R & 5% 5 B EFR (L et al,
2024) > RFAYGS ) FERTOfEF REART 2 REFFFLEL
B w3 5] H_60°C £ 70°C) » kA B S E B o> 10204 s EAR R -
Flt o ARl R RARE ”J\A\#cmk}if%\~° ERCEERT 0K E TEHF R
2 3F(Zhu et al., 2019) - 3% i +2 £ £ $=(nuclear magnetic resonance, NMR)2_#
(rBl+ - ) "EEFEF RBP4 > BT 5 RABEIHRS Y wxAd
{323 dvk A 2 F (Zhu et al., 2019) o g2 > o p M LIRS B DI Rl
LR o fek 2 F o BRIk s 3R ¢ e HA KA, S T a4 (Zhang et al,
2017)c 4% SEM A7 8 (IrBl -2 ) BF 2 B R EE A PEFF o Hga) = o
MEFEETHERY CEFRAR AR AT w2 Rk REHL S

55 5L(Li et al., 2024 ; Zhu et al., 2019) = & F&k 2k & 5 £ & 7| 25-35%p% > Bt 7
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Fig. 10. Changes in water absorbency at different soaking conditions.

(Zhu et al., 2019)
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Fig. 11. NMR images of rice soaking at different temperatures and times.
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Bt 2R EATERFLEAfEERE G o A-EH B 5 30-70°CixiF 30 ~ 44
Ak R G ot ¢ T A-E 3 Imm > A1-El 5 100 pm > A2-E2 % 50 pm -

Fig. 12. Transverse sections of rice grains soaked at different temperatures. A—E
correspond to transverse sections of rice grains after soaking at 30-70°C for 30 min.
Scale bars: 1 mm for A-E, 100 pm for A1-E1, and 50 um for A2-E2.

(Zhu et al., 2019)
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Onmankhong % 4 (2020)2-# 7 %71 > & ¢ & (yellowness)sE ¥ iz i3 iF /& & PF R e
dedm P A EFRERDERFREGER § R DB A o £ it X WU 0 2
Bl ERPEF L Fo A RN R ALY 2EP 59 ¢ TR LG
& S0%m beng o PR o FHRAUBTREFE RIS OES R > ¥ Fo 42
BREPATIER AT EH F F 28 & (ittanit & Angkaew, 2020) o d 3t & F.e¢h gL
HPRFoRRLGERPE FAfREAREY > BARAFE 220
fenle o G A ER 0 NARRA SO SRR -

Jittanit fv Angkaew (2020):7#7 3 45 21 » UG IF R EARE 0 3 B SRR
F 3o B T 50% oo PRV RN IEREART o Sk L IFR T, B 4h
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g P ERF] D GERE AT AELEATHRE P RIDF 9 O o

39

doi:10.6342/NTU202501111



F4 8RR TERE R A e

Table 9. Physicochemical properties analysis under different parboiled conditions

Rice variety Treatment conditions Moisture content (% w.b.) Head rice yield (%) Color
L* a* b* AE*
Ayutthaya 1 Raw paddy 12,57 + 0.42 33.54%+1.09 78.71%+0.62 —0.72°+0.05 13.65%+0.26 -
120 °C 25.49 + 0.90 69.82¢ + 0.39 46.64%+0.44 10.82°+0.20 31.19°+0.62 38.33
140 °C 17.8°40.52 67.46°+0.19 45352+ 025 12609+ 025  31.89°:+042 40.29
160 °C 9.8°+0.46 65.18° + 0.30 42.73°+033 15.01840.55 31.25°40.72 43.03
Conventional parboiling ~ 10.1%+0.10 67.23°+0.15 52169+ 1.25  6.10° + 0.57 27.62°+ 023 3077
Khao Bahn Nah 432 Raw paddy 12.2° + 0.07 10.20°+0.84 78.93°+0.38 —0.777+0.13 13.02°+0.26 —
120 °C 20.7¢9 + 0.40 58.20°+3.56 41.97° + 1.01  10.17°+0.30 26.25° + 066 4075
140 °C 16.8+0.01 52.07°¢+6.86 44.71°41.22 11899+ 024 30299+ 085 4037
160 =C 13.1°+ 0.03 50.79°+4.43 40.87°+0.99 15.00°+0.42 29.17°+0.76 4425
Conventional parboiling  9.1°+0.01 46.94° + 1.62 543794+ 123  555°+ 040 25.64° + 056 2833
Plai Ngahm Prachin Buri Raw paddy 13.3P+ 0.49 6.19°+0.75 77.23°%£0.44 —0.75%+0.18 12.60%+0.30 —
120 °C 23.8%0.30 69.184+ 0.10 43.86%+121 9.56°+0.48 27.75°+0.65 38.08
140 °C 14.4° + 0.03 66.67°+0.55 42.75%+1.05 11109+ 033  29.079+0.82 4001
160 °C 8.1°+0.85 67.17°+0.57 42.19%+128 12.94%40.52 30.98°+£0.85 41.88
Conventional parboiling  9.2+0.05 41.74° + 1.16 5544° + 128 528"+ 048 26.61°+ 049 2660
Prachin Buri 2 Raw paddy 12.0%+0.42 29.46%+0.65 75.38°+0.60 —0.55%+0.06 13.022+0.22 —
120 °C 24.4°40.77 70.25% £ 0.27 42.89°+1.10 9.54°40.33 27.15°40.62 36.83
140 °C 16.2" + 0.51 69.59%9+3.17 41.26+0.99 106194+ 029  27.02°40.49 38.53
160 °C 13.3%40.23 66.64°+2.26 44.13%+0.87 11.54%4+0.56 29859+ 0.82 3749
Conventional parboiling  11.1+0.16 60.93° + 1.48 5533+ 126 535"+ 0.55 2584 + 025 2451

Remark: Mean (+SD) values in the same column and same variety followed by different letters are significantly (p < 0.05) different.
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WAeis @ s A4l BAlg VAlz 4 & % (Derycke ef al., 2005) > £ ¢ > B 3] %
o S 5 AP R B TR ARIEE 1A o @ VALGHERT d b F E ARGk R T
i & 42 2,4 (Dutta et al., 2016) o b > FFE R BB ERE LIS F 5 b
e B A F(112°C > 90 #))i & g A48 » a5 F E R (121°C » 360 )R] €

H4e V ALR &t b o ks 2 5 R B A T RO 2 &8 T8 (Derycke et al,

e

2005) = 4+ b 5 F3FE Yin % A (2023)2 AT B A o FRUMZGEE S FE

@ & PFR AR T b4 Bic(glycemic index, GI) » F FER K & 120C2 T EF
1044 > 8 GLE S 6119 Bt ¥ GI F(56-69) o 17 it £ * i #AIL 15 »

34

Ads IR S R R R A PP 5 (Yin et al, 2021) < 20 - 134
Guo fr Kong (2022)2_F7 3 » 305 K HAJT RiE VA f #2255 > 7 % B Kb 2 o

W A DR S g2

L ATE ERTTRE £ RTRAEE 2 i b R (%)

Table 10. Relative crystallinities (%) of the non-parboiled, mildly and severely parboiled

rice
Sample A-type (%) Vy-type (%) B-type (%)
Puntal  Non-parboiled 34 4 0
Mildly parboiled 15 7 3
Severely parboiled 3 12 8
Jacinto  Non-parboiled 41 3 3
Mildly parboiled 21 7 6
Severely parboiled 13 10 7
(Derycke et al., 2005)
41

doi:10.6342/NTU202501111



G FRALFEGE

FREUMIB 32F  FF 2R E2BALEA > ol 5d FRAES

AT H AR AR 0 AGERE AR BTG R (Rl 2) -
THERA L SR FEAPEBE BT 0 R - R H G F T T
Jeaviaga s Ak foigis s Mt F B FTERS " &4 % Bhareral, 2022) o
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X - LS L PR R TN
B BEEE AT R 0 TR BRY DREL G o A

FRASETH LA ARG % DY &L PR T
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A RERFELBTA K
(-)kEWRF

#eF (BR) ~ # 7 4k (GBR)/Z 2 IR 3k (PBR)Z K & L H S R drk L = o

'k 3p #ic(water absorption index, WAID) % 4 & &30 -K & F s i ensg 33 > 77 i 4 4%

2o o Kae 4 o W 4 (swelling power, SP)B % 7 &k F-w oK 8 R Z A2 R 0 BBk

dn B AP RE o 73 f% R (water solubility, WS) & icds & F d JAsdpkis 2ok Y ih

bl o BRBA o EGEEA 2 WAL SP A WSESBF F 408 TR 2 RLE - 9

¥ Parnsakhorn and Noomhorm (2008)F 3 45 1 » £&5 (5 d FF #4 @ AR @ 4 A
LR R EIEE > M SRR TR X R R E L SORIE e B AORR 4

Btk B T RN WAL Z SP5U e »0 ok o 1345 Wu B L Q013 3 4p 0 > 2%
T A o SRR E SRS > BRI KRS A TR
F i TR i o s R S BT B B R A PRATR O LT R e
b L g TSP T AR PR TR AR o TR WS T R e pbeh o
RATh S av g BT ik L F AR SRR R AR B AT o T

1 WAL e SP#cievt 5 %2 e 2 4r2 BR#c S EHFLE -

-~ ~ e (BR) ~ # YA (GBR) ~ 3kt (PBR)Z -k & 12
Table 11. Hydration properties of brown rice (BR), germinated brown rice (GBR), and

parboiled brown rice (PBR)

Sample WAI (g/g) WS (%) SP (g/g)
BR 2.00 + 0.02° 4.05+0.07° 2.30 +0.02°
GBR 2.09 +0.03° 3.58 £ 0.08° 2.41+0.03°
PBR 4.12+0.02° 432 +0.02° 4.79 +0.02°

*Values represent Mean £ SD (n=3).
**Values in a column for each sample with different superscripts are significantly
different (p < 0.05).

(Ft > 2024)
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(2) Bk

Bl 7 &7 0 k4 (BR) ~ % ¥4k (GBR)Jr3g #ukdF (PBR) & Ip & F BF A e
BARASZER oS5 T o AAPRFFRFT OPBR vk s Z £ F B> BR v
GBR ° F/5 300 ~ 482 % & » PBRevk &2 7 £ 35 55% > 2Xa BR v GBR /1
% 30% - A 4R F R o PBR vk A 7 £ 3 4rid B2 3 Y BR{r GBR ° PBR 7%
kiv 4 P A% > BR{rGBR > iz PBR F] 2 S5l & 7 7 B o VA 5 B S
ol R AR A A LR KA B H kRS o Aph v Rk
7dn I AGE AR AL T RS i 0 M58 B sk fo iR i 4 (Parnsakhorn and
Noomhorm, 2014) e #k@ > GBRfrBR 2"k 4 5 E 2 - 4% 4p:T » 4 7% 7 E A2
H¥W R ERFHPRER > B & RFERGELLIF T % 0 T HRL

'L

DA T R R AR o

60 ———————

Moisture content (%, w.b.)

10 " 1 " 1 " 1 " 1 " 1

0 50 100 150 200 250 300
Soaking time (min)
Bl-- T ~ 435 (BR) % 7435 (GBR) ~ g 3t 434 (PBR)Z ;=% kA 7 BCGRA > %)
Fig. 15. Soaking moisture content (%, w.b.) of brown rice (BR), germinated brown rice
(GBR), and parboiled brown rice (PBR).
(F > 2024)
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< kg
(- ) a-B A v

BE 3 -k 2% (glycoside hydrolases, GHs) ¥~ #f it 57 .1 pE 4k 22 g% » 4
¥ o-Jk f f* (a-amylase; a-1,4-glucan-4-glucanohydrolases; EC 3.2.1.1) 5= GHs 72% =
A2 - i & GHI3 ~ GH57 v GHI119 2% (Paul ef al., 2021) - “§ % 4 = §+ H
PR oA R LT T8 S s B s PRfr K1 E AR - alkib e
RiZ st s fgphfopgd e > B9 ujied Ll 2 4 kiR d
RSP B Y R SR o o). D S I A S i S TR R

¥ -k 22 7 % (Gupta et al., 2003) °

1. %k

Q- fE R A NS s B R A R 0 B A B A A e b ool
BRF TR Ay B R 2 AT A $ 1 EMAL AL R KR -
flr e Fieiiph i A7 mESF2 UL FPFF R KL AL 4 (Paul ef al,

2021) - H ¥ > x W E FifrimF s A & 92 F Fik(Pandey er al., 2000)

2. BEIkmEBH

o-K fs fiF e ﬁli ¥ 5 TIM H k% ﬁé(triosephosphate isomerase barrel, TIM
barrel) » 12 (B/o)y 7 o B¢ o B ik & F B-374p ¥ B(B-strand) » A ik B2 17
oA oo REE o ;H#(a -helix) » TR AT o PRI B fﬁi & o
GHI3 3% a-dkis fv s Al g 5 (Blays > 2 d A B34 ¥ B &~ B a-df
L oW RIS AT 5 Bl iR B -

i J 7| % (conserved sequence regions, CSRs)4p eh & 7 I i % B¢ - & & AP

A p AR AR AR A IR LK B SH L ARME bt
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ﬁ?‘%f@‘lﬁ'f é‘_% F\?'m;}?'%é v ’Mfgﬁ’x B ]I = i{#ﬁ]}lﬁ A Z 1 _{»lfb 3;:5‘]5 5%,},#%%_};«1#

(11

I’ﬂﬂ'-

A Ta RS £ R 0 FI AW L BAEY 43 e AR - GHI3 FoRL o
A= o F it imge 7 5% CSRs> H7 » B3 3R KT M2 @ibz B
(catalytic triad)d = * #ifi& (aspartic acid, Asp) ~ % "=pf&(glutamic acid, Glu)!Z %2 ¥ -
Asp 1A SRS o B P o Asp (B 5 B RPE > IS KIZF B Gl
Bs)#e &= 5+ * 0 f 2R R 4] S Asp (B)fE B R 0 T OMGE A ROk 2
(MacGregor et al., 2001) o

~ % #een oK P BT £ R ¥ A % 2 (metalloenzyme) 0 B L fE 2 F) S
AT (Ca®) e £ B FI B L AR CREL R FL RFEH
SRR TR P R R A I R

N At Tk A
Fig. 16. Schematic diagram of the structure of a-amylase.

(MacGregor et al., 2001)
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3. TR 5N

o-k ¥ fF jh 3T N 27 kb B¥ (endoamylase) sh— & 0 F RS CK Rk A 3 2 a-1,4-
D-PEH4E > Al " MRBARLIR T AL MRS ST T
% ¥ % #& % (Windish & Mhatre, 1965) o o-jik # fis 2. L1t B3] 3 * BB 4% 4]
(double displacement mechanism) » %45 & = & F % & (substrate binding) > ¥ ¥
BAFEN B =B MR B A LR T R e & L1 72 (nucleophilic
attack) » & Asp A ATTEPEFHE &0 X EHELE o B H AL KE T
(hydrolysis) » y* PFd Glum Ak &k FF » R 3PEH AU NI F I AL -

4. BRLE?

o-f s PR E 1 E Y o TR R R s g e RS R R A
To* o o-likds pEE R KRG LA SRR o b TR oo > SR PR 2
iSRS R A B 0 5 AB4E R (high-fructose corn syrup, HFCS)2. 2 2 -
o-dk s S K fR TR A 2 PFRLAE 0 T OUARPER FTIY R TH PR 0 &0 L W
Fofkgfge oo g2 & % & F (Trabelsi ef al., 2019) o &8 gkt @ > 1% a-

e pr Rk R EPEEEPE KA RBEMTURIASSETE AL

™

(Gupta et al., 2003) o #* ¢+ > 429 Wang & A (20117 § P -k fr s 7 148

# 2 A (Lactobacillus paracasei subsp. paracasei TKU010)2. 2 & > # i&— % 3 53 &

|
Al

Z_iEaErr %k o

(i

O ET A TR R AT B B R LA A HRB SRR T H
fEpE > it 5 4 A ¢ g2 A (Pereira et al., 2017) o FRALZ2 T o oMK fE AT

B N BCRAIE o WE - S Rfr R ER A o BORAAE T LS

PRI E oA E R kA A2 F AW T o a-kEET F UL fRA
kv 2 g e a3 5 £ srd kB (Suribabu er al., 2014) o TR L E
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AR EE S oA ET P TR IR S (Paul et al., 2021) ¢

() FHBRER
¥ & ¥k pF (y-amylase; 1,4-a-D-glucan glucoamylase, EC 3.2.1.3) 43t GHs Fo
il RS TR e i m*#m~&&%¢ﬁa14ﬁﬂﬁ FrEG -

TALR 0 o-1,6-FEH 4 K fFac 4 > ¥ LY 2 58§ E(B-D-glucose) - 1 ¥

P W EBERAFE T Y oA R A R Y o 3 B FRGR K i P2k F (Sauer

et al.,2000) -

FHEPFR LGN B2t Y o R p w1 ¥4 40 R R
Kio> FIa AP g2 A7 RERBOEZAE P RE B o
ML ARA P IE T FHOMASRRCHIF R R B R H
¥ o 11 Aspergillus niger A * cn{ FAERABIFE 7 ORB L1 K E > FIH AR
2 (pH 4.5-5.5)7 i & 5 4Fenigit m k> 0 it 42 244 3 (Sun ef al., 2008) °

B LA Kk e 3 Aspergillus awamori ~ Saccharomycopsis fibuligera ~

Bacillus spp.f- Saccharomyces cerevisiae > =% ¢ A ¥ i * 7 b FtRT2 A 12 ¥

% (Zong et al., 2021) -

2. FEBEREPFEZ DS

A 5 WA 5 & - 48 % 2 % % (multidomain enzyme) » 4oB] - = o H G §
§ 7 .1 % (catalytic domain) ~ pE % & #ic % (carbohydrate-binding module, CBM) 12 %
O-pE 7& 1t i 4% % (glycosylated linker region) » iz &t & I B2 500% % o b &r i

it x5 (Kumar & Satyanarayana, 2009) o #.it % § F -k f#s4 4 + > B> GHIS e
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%o CBMRIf B EAHAT IS > g b pran fg { 725 (8
WEA A BB FAFEE O-PEAN BRI 0§ B AR E L RN B
AR FRIEREY F R RS BN R LD 1P B(Jergensen ef al.,
2008) ° B F MEMKA PE S BE Y o IS4 B R dE T IR = R > & 45
Glu400 (fe-it =+ 48) - Aspl76 (GEFA F)r2 & Tyrl16 ~ Trp120 (572418 i £ 48 2
W) gl B R ARA AR R B kf2ier > TP RBFEAHAT D

% — 4 (Sierks & Svensson, 1996) °

Distal C-Terminal
Domain

Catalytic Barrel

Domain Proximal C-Terminal

Domain
N-Terminal

Domain

RS U R SRR
Fig. 17. Schematic diagram of the structure of glucoamylase.

(Davella & Mamidala, 2021)

B W pE 0 b 2 Ak ¥ (exoamylase) 0 Voo ks B i enzb iR R sk

o

fRT o g o B84 1 £ & AP 5 F (nucleophilic attack) k -k fE a-1,4-
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R4 ¥ h- TARAR Y IER N a-lL6-pEH 4 0 ok R F i (James & Lee,
1997) «  FAESRFEE* S5 - H o FEAT258 L EF e

LA e
g e R

'
o
Wy
i
19
=
m;
[t
>‘1«
Q
—_
o
.
o0
O

PR o5 #Hd AT EFEFER N
A8 @2 @ Ao giﬁE'Jéﬁ%ﬁh%L]\ﬁﬁlf? vd Glul79F EF+ - F & P2
TREPEL KRR o RIRRA & Glud00 5 & vk A S 3R R S A TR B4

Bofd- BH IS @ UGN S B R Ry 2 § § #48(Sierks & Svensson,

1996) -

4. PEERIE®

dﬂ&%‘iﬁ@ﬁﬁ%’ﬂwﬁﬁéiiﬁ*iﬁylkiﬂ%ﬁﬁﬁ%

REF M § BB LR T IT LB AE Al L
B P EERE L e T A AT ML AR P T dof 8

vl Be ~ 24 % % (Kumar & Satyanarayana, 2009) -
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5 RAH

SSERRCENES S VEL SRR S EER
PRSI e A uR YRR B TROE 2 TR R R 58

FRARGEE RS o 3R R ke B A MHE A R R

!

W EF e (S) ) TEFEH M EE AT 0 NGE T W JRR AR o AAEIRH R B2 ST
BEG > FRhReEr@henzprtldgeFfa@lE o 2 RFHRELARES
2 v R RN G AP T B REE ke 2 B EAEE)
ferlir ok AR TR R AR e AR R RE WAEREE
BEF- AT AT TR BEREF R FRESE ER FRILE(A)

AR R R R R
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Parboiling

Dehusking

Brown rice

Parboiled brown rice

Dehusking

Germinated brown rice

Milling

! |

| Gelatinization | [ sieving |
! |

| Filtration I I Gelatinization |

(Filtered group (F)) ( Sieved group (S) )

| Experimental group |

I Enzyme hydrolysis I
]

I Enzyme inactivation I

I Homogenization |

( Experimental group (E) )

Physicochemical characterizations

Chemical properties analysis
Proximate compositions
“Brix analysis
DPPH radical scavenging activity
Trolox equivalent
Total phenolic compounds contents
GABA contents

Physical properties analysis
B Viscosity
B Dispersion stability
B Color analysis

I Commercial sterilization I

(Autoclaving group (A))

Evaluation items

B Color analysis
B Dispersion stability
B Solid content of the supernatant

DERNNE EE S 2K

Fig. 18. Overall experimental framework diagram.
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= REFHRE

BERL W E R E QWA i ARR] o p A RAE 2 41 WA TR
(B4 s Bl=-5) AF3E* AL EHAL 5 T a8l fF St - 7Rk
MEFEREE c REFAF R A EREFF AR EL W WE B L) 57

G2 IR APy R B E AR MR B -

P g w]Ad ALK ;r]%éxgr v e L H v B 2 SRR .

() & Tt Wi

: (w/w), vacuum soaking was

1 performed at 30°C for 5 min,

: followed by a total soaking time
1 of 4 h to achieve a final moisture
:_content of 30%

| At a power density of 0.27 W/em? |

I Ultrasonic treatment |— - =1 and afrequency of 40 kHz |
! for 5 min !

r
|

Dehusking

( Germinated brown rice )

B4 5 Tk B A -

Fig. 19. Flowchart of germinated brown rice preparation.
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(=) FRMK WF N

: At a rice-to-moisture ratio of 1:3 !
1 (W/w), vacuum soaking was

I performed at 65°C for 5 min,

: followed by a total soaking time
1of 1 h to achieve a final moisture
'Lcuntent of 30%

1
1
1
|
|
|
|
1

P e e e e e e e e e e m ==
|

a moisture content of 12-14% I

(Parboiled brown rice)

Blo L~ FTERREE WK AR o

Fig. 20. Flowchart of parboiled brown rice preparation.
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C)AREFARPYE AL

! a-amylase

Acting at 80°C for 50 min 1| | Enzymatic hydrolysis 1 |

_____ -| Enzymatic hydrolysis 11 |

I Adding 0.6% (w/w) rice bran oil and !

| Homogenization I' T :_humogenizing at 18,000 rpm for 3 min |

Rice-based milk

Blot- 3ot ARWA % iE -

Fig. 21. Flowchart of experimental group rice-based plant milk preparation.
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LR K o R

— ~ REHH

1 feds 0 AT 9% Ae(111 & 5 — P Aeir) > 13822 A/2 7 p witfp L
FR2_GUV ARG R B o

2. a-fkAafiE L BTA P B R TR F AT LEAR B e R BRE
6500-7100 units/g o 14 750 ~/=> A p §5 i BAALER PRI BN F 5 o S~ o

3. ¥ F #EEk pr(Glucoamylase) @ 474 p 3 & F 2 4% A2 L Fli L Ftk o
EmfEE 0 A HE = 260-300 units/g o 11 850 R/ f §5 1L BhAL S SRITE R
RPN A

4, K ¥ (ricebranoil) : | A+ K p %xl?il » 1179 /A p B AAFART
ERLET LRSS - A

5. Oatly wwe2f 3 S 4m 0 A 3 R A ZRL > 12185 A/ 2 f REBWR 7 "L PR

N o

Z - REHRRE

1. ¢ % (acetonitrile) : HPLC grade » CAS No. 75-05-8 » HP412 » Spectrum
chemical (Gardena, New Brunswick, CA, USA) -

2. 7 pg(methyl alcohol) : HPLC grade » CAS No. 67-56-1 » HP702 > Spectrum
chemical (Gardena, New Brunswick, CA, USA) -

3. 7 f&(formic acid) : LC-MS grade > CAS No. 64-18-6 » F0654 » TCI > Tokyo »
Japan -

4. 95%iFpE * B P it 1 > Taiwan °

5. 4-»%3L 7 pi(4-aminobutyric acid) : CAS No. 56-12-2 > A0282 » TCI » Tokyo >

Japan o
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10.

11.

12.

13.

14.

15.

16.

17.

Jut

# (iodine) : CAS No. 7553-56-2 > 207772 » Sigma-Aldrich » MO > USA -

@it 4#(potassium iodine) : CAS No. 7681-11-0 » Merck » Darmstadt »

Germany °

# & (hydrochloric acid) : CAS No. 7647-01-0 » Merck » Darmstadt » Germany °

#¢ p&(hydrochloric acid) : CAS No. 7664-93-9 » 30721 > Honeywell > NC »

USA -

fit: i (acetic acid glacial) : CAS No. 64-19-7 - Fisher Scientific > Loughborough >

UK -

A2 A% (boric acid) © CAS No. 10043-35-3 > 31146 » Honeywell » NC » USA -

B &4 (sodium carbonate) : CAS No. 497-19-8 » A356892 » Merck > Germany °

1,1-= ¥ #-2-= A 2k ¥ *2(2,2-diphenyl-1-picrylhydrazyl) : CAS No. 1898-66-

4 > G7384 > Sigma-Aldrich » MO » USA -

X & 3 pi(gallic acid) 1 CAS No. 149-91-7 » D9132 » Sigma-Aldrich » MO

USA -

ka4 2 E (Trolox) : CAS No. 53188-07-1 » 238813 » Sigma-Aldrich -

MO - USA -

45 T+ B 3 A (Folin & Ciocalteu’s phenol reagent) : F9252 > Sigma-Aldrich »

MO - USA -

% @ m(petroleum ether) : CAS No. 8032-32-4 » 24553 > Honeywell » NC »

USA -

RER A
A % % =1 AL-204 > Mettler-Toledo > Switzerland -

T+ * #=: PL-3002 - Mettler-Toledo > Switzerland -
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Rt C DOS4S5 > FEF LI Lo @ > Taiwan ©
AT % #E BB P RT-NO8 » ¥t %4233 '3 @ » Taiwan ©

# & e KUANGYANG > 4% 60 mesh = 40 mesh > Taiwan e

-

P HW D FC2K> w7 B35 T2 7 12 > Japan °

FdEE ks - WB212-B1 > %/E'{E ¥73 12 @ > Taiwan ©

AR RT kisH - WBS-M» &4 32 > Taiwan °

% i .o % 1 Rotina 35R > Hettich Zentrifugen » Germany °

TR A EPEFE R SP131325 » Thermo Fisher Scientific » USA -

f& 4k & 3+ (pH meter) : PB-10 > Sartorius > Germany °

Az % L #= T #% : DC400H > DELTA - Taiwan ©

& %k B 3+ (ELISA reader) @ ELx808 > BioTek » USA -

%k B B picdi ¢ CH20 » Olympus » Japan °

¢ £ & * NE 4000 > Nippon Denshoku - Japan °

% »% 40 & 47 & 1 JASCO > Japan -
(1) % R F : PU-2089
(2) i i E © AS-4050
(3) BRI E - UV-2075
. B+ A~ ¥ 41(C18 column, particle size 5 um, 4.6 x 250 mm) : Inspire » Taiwan ©
iz 793 1* g (Chamber Furnace) : CWF 12/13 1200c » CARBOLITE > England -
kg F &P 0 A-1000S - EYELA - Japan -
Ji? 94 0050 D CFD-4.5-LT » 5% >3 T2 & > Taiwan o
LHEFNBER CORA-B FERIEAH LG U2 @ Germany ©
B R TR ];]i TM325 > Tomin » Taiwan °

# bR 3+ DV2T » Brookfield » USA -
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24.

25.

26.

27.

2 E ¥ ¢ T25 digital ULTRA TURRAX - China -

;% % ¢ HR-20 » Waters TA Instruments > USA -

2 3L E PR 1 SoxtecTM2055 Fat Extraction System » FOSS » Denmark e

& F V#4248 0 LG-100DH » Newlab Instruments » Taiwan °
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R
(—) k¥ HlAe
T B %o B S o v R

4°CH * o

() F TRt QR
1395 Ding & 4 (2018)2 & = Z L 4e A B o fI* Kok 5 13200 6] T4
FEP 540 g 2 3 B E KT R T F ALY o £ R 3 30°CHEIE ki Y o 2B 180 g
fogk > E b F EiRALY 0 T Y ] r L ELY 30°CL Bk 0 Baninid WA e
REFEARTTER G 4he md WA A8 BARFURICE Bw L FALY o
TR 30°CcRig Y o BAE A T WAR - F T ERF L 24 ho AT BRGNS
2o NELMASEA P AL Bk o BT RAARRRL > BARKEPNBE Y 0 T
FI* #h fcffa 40°CEF3c% ) 3 hy 2 2 &M ka7 & 12-14% (wb.) © ‘iz
A I R ko BRR A R TR R v MRY o R

AL ACHE T o

E) FEREL UG
FRIBEARQOITZ B K » 2 S 4 A EE « 1% F ok 3 13 200 6 > F L 25 540

g 2 5 li/%—ﬁ J\_,/\}%‘: r'_u,_(—%—.pi\:‘ y I fg,rl h-o %J—E» 180 gftgf,‘ s |¢|J)»;}’d7;f,‘3@,)laﬂiﬂ ,

o

|4

T2~ LY 65°C Gk Bz F A RAFHETFFERFL 1h

?1'\%

FEARSE A RASPIRICIE B T R ELE Y 1 121°CE F BRE
1 kgw/cm?)i2 17 & F » B R (B B SN Y o X Bk 0% 0 40°Cie (T
FE® 9 3ho B IR HRA § R 12:14% (wh) o it F o fIY s ReES

%o R RTRAE K CRRY B R ACE Y
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(z) HREH SR
RO FREZ DA R AHREY T WL BB E B *
O R E e R F R RGE G o B AR o R e ilAR g A BRI AR
'ﬁgiﬁ;_ s e it WARR I g R TR MAEFEREE G REFGR R Eria]
Moo i dF R 40 &P 2 #ﬁ*em e H-of Bk B & o0 10 TE KRRk ] o
i g 2k &-(filtered group, F)#-Rfl F &7 H - FEERF B > AR Z B 40 s
B i kL Imine £8FFEEA0s U BPRAH 0 2 d @B IR E B
Ta o RS B34 4°CH o
B & J Rk S-(sieved group, S)R| AHK-RAL K 3BT S FF GRS B 0 SRAR G AT B
40s > ¢ BFEF KL Imin> £EFFE 408 % - FFEER = = (5 0 f1* 40 mesh
ii’rﬁ)’v BTG o Bh - T AEEF R IR L BT I 405> B
f1* 40 mesh ii‘j}f}b FAREETIRE o REBFS B ABGHFREZESESTI R

L@éﬁ?é ]90%035%‘1;4'/‘} —];,,ﬁ‘_ﬁ—ﬁ]b ’ ,,-_,1:,\:,9?3-,; /\b?\'« 4°CH * o

) FAAEF AR
L 3ok il A

F % ‘2 ¥k & (Experimental group, E)# * ¥t o v 2 i & e ]2 B 28 (7o 8]
KinAE e A et R BEERBEAFE . AFEY 4050 ¢ TR

;_L

S lmins LEFFE40s - FFEERB S )0 40meshi%‘x§*§%,@éﬁf%
WEEF o M- - AR ekl BT - AR 4050 B AR EFI* 40 mesh 2
%Fﬁﬁﬁﬁﬁﬁ°%#ﬁﬁﬁi@%’%ﬁﬁ&iﬁ&*i@’@ﬁé$ﬁ

9O%°ﬂ:&‘3ﬁgﬁ7m‘5\'fb—»‘}fx‘fﬂf‘)‘4ﬁé§’"I"IH—’} §4OC%% °
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2. it EAe

\\\?{Ir

<+ Feng & % (2024)2 # it WAR T 4v 1013 2 o Bof Bops I * LB KRB EF

F-KA4vd o T @ % & )38 F4E48(LG-100DH)E 7 #4 > s L kol :l'j{“,,*;z

{
W
s

JR -

3. MEEkEEAe
F345 Kittibunchakul % 4 (2021)2 QAL 4e 0 A K o LA R R T -RIFHFE
#F3 80°C» #fs it 2 2 R b X -k PF 0 BFFER KRS R o F B S{E B
R E RS FE > S~ F BB BERZREF B SOmin o 3k T #E K

5 15mpme F xS {88 FR% L S/

4. BFARm
Heph kA E 1S iR SRR 0 0 400 mL B AN o 4 0.6%wiw st
i * 320 48 (T25 digital ULTRA TURRAX) ™ 18000 rpm 2 & i# i& (7355 o 355 = =

ALY R e R L R ACK ¢

5. pERAENE
BB AR P E SR T Y B LY 121°CERR
lkgW/sz)ﬁ»F;‘%‘ﬁ 15min- % &t %G A K 4CK* - 57 B ¥R AR S

(Autoclaved group, A) 4 4748 TIEF14R 80%PF 2. bt iR & (T F #4447 o

CORCR ST &8
FI* Fa kRS ETERFRE 22 20CH FR2EFAR-P bR

S i I AR ICEPBE TR 24h e RictR ST B @ BB E Y 40
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s> ZE A 60 meshi%}ﬁ BT E o = (B ok R RS 2R

Koo MBBTATEY R IR R RS .

) ARA
HR e S HAER PG o &gt F 33L& (DV2T, Brookfield):g 7 4 47 o

145 Seong F 4 (2022):3 F4v g ik 0 U F UARR A TR S PRER o - 400
mL # 5% 3 600 mL &4 ¢ » @ % LV-07 &3 12 50 rpm i ¢ :F & 5 min > ¥ 3
PoicE o FARER ST CHIERRN > ¢ AT N RERT BRFR O
% & (HR-20, Waters TA Instruments) ™ % o FlF & 5t Bl E R SOIER BT « &
4 Jeske % 4 (2017)22 Yao & 4 (2022)2. & 47 /i AR5 4v 102 B o U R T P o
P rE R 1-100 sTEFRE  EEHEBRS AT FT R FT ARERE -
SRR SFOEERE VR ERT 2 F 5 100 s PR AR R Bcdy (5 A 4T R g o
MOEER RS R Rk T R B L B B B o AT R R4 B3 T°CE

A5°CT L FARR AT S BRSSP AT LY 1

(M) A icf A e

124k Feng % 4 (2024)¢h~ j% 4v 10 1% #c > # 5@ » 10 mL £ 7 *t 4°CT i
ARG RRRSORE R T EF R AN 152482162448~ 72~
96 ~ 120 ~ 144 ~ 168 h i& {7 BL% o & $4& T {4 (dispersion stability, DS)4% & * % & &
2B AR AR PR AR T 0 3 §F A T E I G o ARP R A RS
FARE G h G EAEY A2 o A K f AR T AT o DST S ET
P

sedimentation height
DS = 52 % 100%

total sample height
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(1) ¢ &A1
# * ¢ X &k (Nippon Denshoku, NE-400)4 173k & K4 2 g d i » 7 &
T L*sa* b o PlEm Z MIRRR F2 0 TR RFRHES I FEAFE

FRE o L*E R &P 3% A (lightness) » 5 L*F_ 100 2 20 »0PF 52 22 5 a*iE it

e
4‘

FlBgpd > F a*Fr ER AR o FLHEERALBSES SDENEIR ES
PO RTERLABRRI P F R ERLRES o;‘gci L*~a*~b*iE3t 5 Miv ¢ &
(white index; WI) > % WI Ed%+ 4 57 gg ¢ 4% » ¥ ¢t %% Pathare ¥ 4 (2013)1¢ *
b*er L*3+ 8 4 F & (vellow index, YI) » § YIEA% = & 7w d &5 o & fs > £ 9
5 pEdE(Euclidean distance) » & T & k&2 L¥ ~a* ~b* B @K & (7 & 2 &)
2o L*~a*~b*E2Z LB o E N AEYE P EREFA BRI ZFaE ) TEL
/& (just-noticeable difference, JND) - %ﬁ“ ddELITAR ) FTAHRSZFFREIRY

TRz - 0w & B(WD -~ § B(YD)E AE*3+ 5 25840

WI =100 — /(100 — L*)2 4 a*2 + b*2
YI=142.86(b*/L")

AE* = /(AL¥)? + (Aa*)2 + (Ab*)?2

(1) % F Bl A 7

%< Bauer & 4 (2004))7 2 Santacruz & * (2005)2. F %% > ;2 o fe @B R > 3
100 mL Z 45k ¢ 4c » 3L 0.2 g foph 1t 49 2 g o Bl 45 i i 7100 B4R > &
2 mL ek & ? Fde 04 mL @i 0 8744 15 mine = F {53 10 pm gk ¢

oo AU kB R pcst(CH20, Olympus) ! if 5 B F 2 (TR -

(+-) BRAH
%4 Salee % 1 (2024)2 F % = % o P 0.5 mL # 5iF » < # V4% & +*(ORA-B)

BEFRE A HFSZEA 0 Y Brix &7 o
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(A=) A*r350%H

LokegE

FE o TRt B o ROk ATL EI A E R SR E T TR kA
= 71‘{ = = -8 ot | e

2. fFdFz i

%P AACC 44-13 (2000)2 * ;# —Kjeldahl i  #4=0.5 g #& &fc 5.5 g &t |
(CuSO4 : KoSO4 =1 : 10> =8 5% ¥ » 224 o £ M 4c » 15 mL Eripk
(H2SO4) o # i3 g B30 A 2R E e 27| 400°C > § # 2R R IRAFI 2 A f2g >

LAr 20 4E o FHEFHRLGEE R e v FAREYE o B 20mL ARRL T ALY 0

A B o i 0.01 N HoSOsif #Rl B4 2 5 £ #0727 §F Eh st &4
7 F T I REFY T L AT HFAFTRASRRTEHMIAAR ¢
BT LA RR -
3. fgikz 2

%P AACC Method30-10 (2000)2_ = j& o b P Z B~47 3> 105°C T 4z 1 /| pF{s
BB grtm @ A gr B R REEE c LW30AEEE NN ¢ 4
30 A4 BEEER LA EARE ZTEEWO) R 2L EBKE
SoxtecTM2055 Fat Extraction System (FOSS, Denmark) ° # =1 g #& &(W) » I 4] *
A TR RA A S MR S E TR FY o % 70 mL F o B i vy 5B
o TR FRAS B PEBY FE | [ R F W aEBire o L
BIETEB D PGS EATEF 2004 REFEE 2SS A B E B R
FAEP RS 1 PE o B r 100°CH 46 > Wegs 1] FEAB D 5 8 2 §5% ¢

AE 1L FE S EFH I EE(WI) -
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\

I
):\-
Mﬂ

2

%8 AACC 08-01 (2000)2. = % o ¥ 4k % % ** 105°C4#- 43 35 %% I 12 £ (WO) - 4
FS5gH& W) B g RiE 2 Mo o BF 7 105°CHHE T4 h ol £
NAL YR 0 3 2000CH £ 2] PE 0 R MR RS 2550 - 600°CH 15 - 10 ) B
R T 200°C1 T 0 MR BB T G ¢ o L AR EE T 5 E (W) o

5. mkitEFZE

(1) BBk 1 & 3 (%, wb.) = 100%—42 35 (%) — 42 % 1 (%) — 42 % & (%) —
k(%) »

BRUK T £ B (%, db) = 100%—f2 Fob (%) — 2 % (%) — 2 & & (%) »

(t=) HwEMSALF
I HEEE

115 Qi % 4 (2010)e7 3% 4e 14 i3 5 B L g iR S A B30 1S mL g  °
4er 10 mL 80%7 f# > 3R BF P 1 ho 3t 1430g 4w Smin > # ¢ FiRsd g
W ISmLgts ¢ 0 §0-20°CHERE Y o
2. DPPH i o fhiff i

1945 Zeng % 4 (2019)h17 2 4o 11 3 s > SR IEH T B 50 pl Y AR E Bk
I R4 ”}? » v » 450 uL DPPH 4] (0.1 mM) - # & 30 min ** 515 nm ™ jp| 2% &

o

=+

3. BB ST
B~ 0.02 g Trolox("k i3 154 % E)3 23 20 mL 80% 7 fiz ¢ » Al & 1000 ppm

e Trolox 27% » £ ek & &~ % % 0,5,10,25,30,50 = 100 ppm -
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(z) Rpgrerzist

12 4% Johari & Khong (2019)4c 14 1% ¢ o v B~ 1 mL 80% 7 i} 3 B3 it (&5 B
%)L I5mL g g ¢ o #FEEB T 4 » 2mL 10% Folin-Ciocalteu 38 %] > & & iR
£33 5 L4 r §mL T%RH4 > R RN LY > F R 2P > B 200 ul
X 96 well plate ¥ (= £4F) > »> 750 nm & £ Pl ek @ - £ # 4 PP~ 1 mgil &
+ P75 f2% 10 mL 80%™ ¢ > S+ 100 ppm iz & F paid R 0 £ AR Ak

B A5 0,5, 10,20, 30, 50, 75, 90 ppm

(F3) v'=A” B(GABA)Z £ 447

i 5 Jannoey & A (2010)37 ;2 4v 10 i3 % o
1. HEFP

o1l gtk 24 4 mL 80%2 fi% > R T BT EE 10 min > £ 3t 4°CT 12
10000g &~ 10min > e & F 50k > 7 5 lkir 2 H # {4~ 3mL 2 80%¢ i -
EALEREFE- 0 B30 W3S e b2 P FRiR s o 1 0.22 um R TR (7 i
o W2 et 80%e fiETE L P2 EF34C BHA47 -
2. pEA

B 2mL AR A F > ke~ 0.5 mL AL #7573 5% (pH 8)4r 0.5 mL 0.1% HN
FEAGEB o Lo r 1 mLiEg2 FB0% 0 B30 80°CKig F s 10 ~ 483k {5 fd i o
BGSE 022 um EiE RS 2 mL e vial FL o L A 4T o
3. HPLC & #7i% i2

M Ciggtr UV R EeFA4r > WAL 330nm > 2484 10ul > # #
tponid 1 mL/ min- & 4p 4 S 5 A 0.1%7 f(formic acid) ~ B:100%¢2 =
(acetonitrile, ACN) » * 3% # & 0-5 min (65-60% A) ~ 5-10 min (60-55% A) ~ 10-20

min (55-65% A) ~ 20-30 min (65-65% A) ~ 30-35 min (65-60% A) ~ 35-40 min (60—
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55% A) ~ 40-50 min (55-65% A) -

(=) RBRF &&=

1245 Sipos & 4 (2025)eh £ 4c M ig ik o H 5@ 59 & A &(Oatly) ~ A-BRM -
A-GBRM 7 2 A-PBRM - & * & g AT 35 e 47 > 5]~ § 10 mL & & > & 5§18
B W R EBHED 10 ] 2N F TSRS T A 30 AR 2

RE ST i B E# A 233 602 fF > He & 7 64 Mird =9 4o

S

EEA R 6 AR A > AR A F AR CERAE C FER
SR Z d F oL PR F T4 L RLEFES( A =HBAEF EE 24 =27
EEI3A=PRAEE AL = ERIEE SA=F2EFESALFEEIOA

=T REETIA =Y REE 8 =EFEE IS =RAEEE) -

GRS T TE
F B Bcdyp 1 SPSS At A 47 088 o B 7 % B #ic s {7 (analysis of variance,
ANOVA) » I 12 Duncan’s % % £ ;* (multiple range test)i& {7 £ B Mt i o F R S %

2 AP R A 474 12 SPSS seit A T Bk ie (7 o
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L~ S*nidew

— ~ RBREQE S HE
() FER-krde

W AR A > AR R (IR o i BB pF)A B0 2.5
5.0 ~ 7.5 U/grice flour i@ £ & (TR 2 KRR ok - (A F B ET N E Hiie
* S kiR THE R AT Bl L) k- X
e 42(BRM)fos 7 ke F #(GBRM)2. A #7824 1 56-90%7% % o H ¢ » 353
k5 5 (PBRM)d *+ 2 4L % (139.67-187.00 cP) » e e A k% » £ ¥ » ¥ LR T
'EREHREES > RS AR TUARL o g0 o dod 20T 0 g 2
LR OB P R EERA < 10 cP) - 244 Kittibunchakul % 4 (2021)2 7 5 &% » &
WHFURTH RS PRELEE 6 Rl A BERRIFEEAL > F Y

r IR AR 2. S B TR o

GBRM PBRM GBRM PBRM PBRM

2.5U/g 5.0 U/g 7.5 U/g

N L R T VT Wty I

Fig. 22. Dispersion stability of rice-based milk under different enzyme dosages.
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Lo A RERAET R ARPL AR B

Table 12. Viscosity of rice-based milk under different enzyme dosages

Enzyme dosage (U/g) Sample Viscosity (cP)
BRM 13.90 + 0.35¢

2.5 GBRM 10.63 +0.21#

PBRM 187.00 +9.64*

BRM 11.47 £0.15°

5.0 GBRM 12.00 £0.10°

PBRM 14433 £ 5.86

BRM 11.27 £ 0.06°

7.5 GBRM 10.63 +£0.158

PBRM 139.67 + 2.89°

*Values represent Mean = SD (n=3).
*Values in a column for each sample with different superscripts are significantly
different (p < 0.05).

ﬁ@ﬁ%ﬂwﬁ%*»v%ﬁwﬁﬁ~wwémﬁ&wﬂ&wn4*¢wa’ﬁﬂ
4«'4 “ ij’?@lfi’ 151“' g /F}’ /]%‘ 1.‘71 /xi’ u /L»‘fl m/’v\‘g(r}{ S u ' 3% 'ﬂ*’gﬁﬂ‘f_

Fifgm A2 BE o ot o AR L AT RE T2 METFEZ - o B i 4

AR T RS TE R R o 195 { 3= 5o T 2 (Stokes’ law) 0 i tE iE 2R AR R
NE L P g 2 e T T A b o FOR AR M A - BRT R T SO

Lo Fp o d RS2 IR AT REETAPIE AR -

B REEHE L SEAE > BEEHEINZBAT LT REEE HR
fe2 FRR B TIT R L o F A dH L (BRM) o @ T kK #2(GBRM)E 7 45
Foesmi* 7 10~20~30+40 %2 50 U/grice flour 2 ¥ % & & & (7 -k 24z » ¥
Fpte 0.6% (Wiw)sf #id & (F30F - d Bl- L =7 R Kk AR e (10 Ug
rice flour) » @ FHh =g > Bl @ gLk o B A ARG o &
Ao R R AR A D 20230 U/g BF o A K B s IR 0 bR IREGT IR FRE e
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A EAEBEE A0S0 Ulg s> PEET L P TR A M b 50 BRI K
ok B i 2 A R kP RO TR e 11 21 DAY ek B 45 (Zhang ef al., 2025)
BRY a-BEEE R RRAEFEAREE KRR R S A TR ARG ]

S 2 R R PRAEE  CEF AL b Y L R RER R 0 26
i H 42 s M (Deswal e al., 2013) o Io P > 0B Ot 2 B E BN L F sipE
A R FRTIRFEEZBT LSRG o A2V Faopp R okiERas
Wt R AR D EFRB AL S e REAER T RS o SR RS
RAA 2 R EEFREARRE o RN fo TR LW 2 Ry B F
Z B (M 2024) 0 AR AR AR o F 0 S ORBRILE 0 B iR

—
e

P R IRAp PR IR o PRI ARE I A AR SIS o ERR T A E
U/grice flour it 5 BRM 4= GBRM 2 i¢ * #| & o J* & & @ k7§ R KR X AR &

P RI(<10cP) > b PEA ST L E o

Py HR ez 3R~ 17257 @4 TR 2u 2 JFR B F 3 30N o g

~Nt

#E I 506070 80 ~ 90 U/g rice flour i& {7 ¢ %

o

Tl e n] o Ft o A B
E)

-

PSR -2 0

\x;b

B & fe %] 2k &(50-70 U/g rice flour) » H & fxf& 2 22
GcE - AR OEARREED o B0 o EBEFHAE S 80 fr 90 Ulg rice
flour) » $ &2 F #3953 2 a? B AZ A KPR E o 57 £d 3% gk Rl

* oo R S R T i (Deswal et al., 2013) o pth o B A L = VR ET]

F_‘.

f%% # € 50-80 U/grice flour % & > "EF 2 M EH e m ARG "F 1 o R > i@
* 2% A E 90 U/g rice flour e m B 3ER £ @ b 2 o LI § Bk 2 8 5 RN
w7 e %2 > BRM & GBRM ¢ * %% A& 60 U/g rice flour ¥ » HAR& 7§
J AR (s B P D 42640 4.66 cP) o 4RI T A ALd T B AR opEE LT
WRER KfED &> { § @i, L > BiEE4EFF B3 x4 5 e
TR BAAL AR 6 RPHA S P E 0 E ) A RS B 4 R A
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B (Zarski et al., 2024) - ’F‘iliﬁln\ *{% TSk o BEREZ R T ?G kBl 5 50-70 U/g
rice flour ; * JEALR A~ 758 % T f¥2 &£ 70 U/g rice flour ik & H LR & 12
ZF P HEE( 10 CP) o Fpt o FERKEN (PBRM) 2. ¥ % & £ 37 5 70 U/g rice flour °

BRFEERMES BT O BREIERPEPI(SI0cP) > X P afE G -

2L A FEERETARARWZAR

Table. 13. Viscosity of rice-based milk at different enzyme dosages

Enzyme dosage Viscosity (cP) Enzyme dosage Viscosity (cP)
(Ulg) BRM  GBRM (Ulg) PBRM
10 6.80 6.77 50 10.36
20 4.92 5.76 60 10.17
30 4.66 5.33 70 8.33
40 4.16 4.59 80 9.12
50 3.75 4.24 90 10.71
60 4.26 4.66 100 14.72

*Samples were determined at 7°C for one day.
*BRM, GBRM, and PBRM: brown rice milk, germinated brown rice milk, and

parboiled brown rice milk, respectively.
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Enzyme dosage

20U/g  30Ulg

S

50U/g 60U/g 70 Ulg

Blo =2 A AARPRY 2 PEAMEZ A AELU(LTCT RE- %)
Fig. 23. Dispersion stability of rice-based milk at different enzyme dosages (stored at 7°C

for 1 day).
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(=) seF e
ST AT A O AR 3 4 R ARRT R ] 0 BRI L e s

i A gk cdE R (Tao et al., 2024) o p pF - ZER AR > @ R F @ # i B AR

3
e
A

G WRfe R 2L Mg 2 > # 7R T4 2(Lin ef al., 2025) - &5 7 % %

¥ Veijalainen ¥ 4 (2024)5087 3, S % > 4ok R 0.6% w/w 2 18000 rpm i {735

%?3min°

9%

B BART R ER 2B Rl SR R R A R iy

oo

Ea PRI B o § RS R RE P

-

PosfURend G kA fodbR %
dORRRRACT BSR4 L dg A e TR G2 7 (Rosdi e al., 2018) 0 gt 7 0
BT AR € M et R F AR a3l 4 o Fpl s g @ SR ¢ gkt 4R
o a2 A K8 T (Chen & Tao, 2005) « %A o R R AGE B & Bl A
AR R O BRIRIET Y 1 (Rosdi ef al., 2018) o Fp » AFTG A B F %
B TCH 4SCT 2 ARUR R SR 2 i (e 2w ) e 2 TCT
RAEEF P RSSRRG 02 G ASCT TR R DR UL - W 5%

AR RSO FR R 45T o

i

J

Bl- e s 57 FETERT2Z Ao
Fig. 24. Dispersion stability of the samples at different homogenization temperatures.

77

doi:10.6342/NTU202501111



SO ARPLFERF
(-) HARFHE

ERFHEIEF PR TR 2 L8t A e 57 &4 5 (Oatly) ~ P2
(BipefeiB i e) 2 ek T2 AR A RS o AT AT RS K
BT(O)frB B T@SPO)2 2R £ > MmRR ST SR RETET &
LREMNAFAIR « 21722 F5%e2 4 WA &S e RELEFT I R o
FASTRBESZHANGYF ZEET LA ST F G K BT ant i
(1:6.25) > i&@ 3% % % &F4b A&

FEEREZ ZER RS R . A T o B LEg e i en] o 3
3kESE 45(PBRM) 2 AL B #1239 % » 4k 42(BRM) 2 4 5 451 45(GBRM) » gt % %
A OB T2k B MM P BLE 0 PBRM 2 kb BHERCE BT 7 R
BRM fr GBRM # s % F o d *03f Rl ARBURA 2 304 B Kt » 37 5 K
BERAEGI R &A FEREED A X T4 FIPb o TRRGK 4 At RIS
Peig SR (To et al., 2020) o 1345 M(2024)s%7 7 ¢ 0 7 12 {7 2v3g 34K (PBR)
2wk dn (WAL 12 2 32 4 (SP) » sake A (BR)2 # ¥ kK (GBR)X @ 3 » =
WAL fv SP 2 48%'4p Ir 4% % 22 Kraithong % £ 2018)e7#= § % 4p i & » %247
T e S R AR € TR WAL 8@ " MARR o A F R WAT 22 SP
o AR FE2 AR TR APH o Fl 0 2AER A 177 > BRM £ GBRM ¢
FAp L 1T 0 F A ot PBRM o 424k 7°CT #0ip| 18 el % o i 2 crok sk 9 (S-
BRM)2 % ¥ 4k 45(S-GBRM)2 &:& 4 & 5 180p 2 183p » B v il ok 5(4 ¥
éH%MlMpiRGRMI%moﬁﬁ%§%?7%j@ﬁiﬁ%ﬁﬁ,ég
A AR A E PR B d (o) o TR AT e R ¢ 2
En R IR o F 2 0 SETEREN T 0 R EiREZ AR B ‘v?‘:@éﬁ?féﬂ(/} &
F-PBRM 350 p 2 S-PBRM 294 p) o ig&_d ** 3 858 2 s 3p R B @ I8 1 L >
B2 gl PR L BIFIRAN  h BB EY T TS OBE E

PEAKRER o P % S LURB AT RHE S W MA LA B F 2 B
T A% Kf WAL 2 R R 0 18 kALY Z Rt PR RIS A
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A 2kR (Kocaeral.,2018) o # 5 2. » FER K e iV PLF > @ B 4B i &% 1Bl
Bz 3R R E AR L BT AR W AZRKIERZ 2R 5 E 0 2a B RRE Y

L

FHE T A5°CHRIIE ST R STRERIIA TR T TCRERERZ - X
7 F| ;i ()RR E e B m(F)AE E o 2R A engR R T R R 21K
¥4 SR 4R B o 1995 Chakraborty % £ (2023)2 47§ ¥ r1 {F4v > & 423 & Bt
Titdts > B b 5@ %E > Fla A3 ERET > §IEEIHELF o F 2>
R o Rk A G R ande R o Flgt o K R 3 S RET R
kg ¢ o B ARG S B SRR o FIt 0 d T°CHE D 45°CRF 0 3
AR FIEGE A Sl A AR 2 RGN o PRk R BB TR AR
(Chenlo et al., 2002) - 133515 F 2 fL & % 4 4245+ 5 » BRM 4 GBRM 2 i 2
T4 7 B % iE 2 ) PBRM 2 i 6 B HA P B iR o F 0 AR FFET

AR o

P2 FEAPRHRSLZARZ SRR 0 PR ERETT
R A 3R B(<10CcP) o d 2R LS F B Sd fEE ok fREEs
FAE MO K AR SRR P AR RN & 4 5 (Oatly) 0 £
Hr BB Rigns GA 5 Ea kI oAy E - SETRODLARFE
FPREI AN RS ED bl AR (B B SRR KRR BE) HALA
P ARRIO R 0 BB IR B 0 TR ol e o gt B R et

FAERE AR 2K BT AL B R

ot
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AN E Y Y Iy §-ry

Table 14. Viscosity characteristics of rice-based milk

Viscosity (cP)
Sample
7°C 45°C

Oatly 5.48 +0.028 3.75 +0.028
F-BRM 14403.33 + 15.28" 5918.33 + 7.64°
F-GBRM 16636.67 + 15.28° 7808.33 + 7.64°
F-PBRM 34966.67 + 5.77* 15503.33 £ 5.77°
S-BRM 18000.00 + 10.00¢ 5761.67 + 12.58"
S-GBRM 18313.33 + 11.55° 7308.33 + 7.649
S-PBRM 29363.33 +5.77° 12416.67 = 5.78°
E-BRM 7.15 +0.058 3.90 +0.018
E-GBRM 8.79 £ 0.208 5.04 +0.02¢
E-PBRM 9.92 + 0.062 5.15+0.01¢

*Values represent Mean = SD (n=3).

*Values in a column for each sample with different superscripts are significantly different

(» <0.05).

*F-, S-, and E- represent filtrated, sieved, and experimental samples.

Blo -7 ~ $R et 5 d ¢ 52 %% B 0 )¢ =100 um) -

Fig. 25. Optical microscopy image of the stained control group (scale bar = 100 pm).
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(=) iR T

AT THEREASSTZERAITAD > BR Bl LA o AT
,pﬁc; PE AR RS AR Y A ’?IFD Ao SE R 0.6%
w/w 4 18000 rpm i {732 3 A 48 > FATIEARY 4 & R Y 40-50°0C 0 TR
LR AR T & e A el %ﬁf‘ L .ﬁi\‘géﬁ Tk R e 2 g 4 Aydar # 4
(2020)z. 7 3 7 @ fE b R AT 2 RAM ARSI F2ZET 2 ERIEY L5
i o BFRAREE R ] FA AR 0 R H { Sedm g e H AR
BCPRRIFER G 0 B IR R oy AR pI v o RO TRE &R
¥ % &2 A $cHE 214 (Shao ef al., 2023) o

dFlC LA (AT F R TR PSSR TR 0 B D 144
JPE S B AR TE T B E 96.67% A o kK (BRM)2 R 0 Ml
PREE e B RA R o R ET 2 RS4RI Mo 1945 Feng ¥

L (2024)2 A g A o ARRRE BB R B A SR LR - T B R
AR I R R S L R ) B2 LA (B)L MRS - HE
TR AR E-PBRM i G A BRI P el K > 229 BRM &
24 [ PEES 0 TRBLE S PRI IR G o B % A T T RAL 13005 g A ieiE

TAL D OEEL BA

FEARBHE S SETML B TG U LAS Oatly W5 54 &
B ¥ % E-PBRM 7 B4ER HERITH 825 ¥ AR E £3 2

W2 2R REAFLREZ ALV ORE FEAGZ A ARES W o
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(B)
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Fig. 26. Dispersion stability of the experimental group. (A) Dispersion stability (%) of
rice-based milk during different times, (B) The visual appearance of rice-based milk

during different times.
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Table 15. Color characteristics of rice-based milk

Sample L* a* b* WI YI AE*

Oatly 78.77 +0.02° 5.82 +0.02" 16.23 +0.02° 72.78 £0.012 29.07 + 0.034 4

F-BRM 60.79 + 0.068 -1.26 + 0.55° 3.88 +0.09¢ 60.58 + 0.062" 9.12+0.21f 22.83 +0.20%
F-GBRM 60.15 + 0.23¢ -1.44+0.01° 3.85+0.07¢ 59.94 + 0.23hi 9.14+0.17 23.4140.18%
F-PBRM 62.30 + 1.09f -1.29+0.07° 5.53 +0.064 61.87 + 1.07% 12.67 + 0.08° 20.80 + 0.924
S-BRM 58.89 +0.15" -1.35£0.02° 4.61+0.12¢ 58.61 £ 0.141 9.12+0.21f 24.03 +0.19°
S-GBRM 60.72 + 0.02¢ -1.10 + 0.03f 5.29 +0.044 60.35+0.01" 9.14+0.17 22.11 +0.04°
S-PBRM 63.58 = 0.08° -1.04 + 0.04" 7.23 4 0.08° 62.85+0.07° 12.67 £ 0.08¢ 18.85 +0.12¢
E-BRM 74.13 £0.13° 2.68 £0.13¢ 17.03 + 0.48° 68.91 + (.38 32.83 +0.98¢ 5.71+0.11°
E-GBRM 73.83 +0.16° 2.34+0.15° 15.55 + 0.68" 69.46 + 0.49° 30.09 + 1.38¢ 6.10 + 0.02M
E-PBRM 71.99 + 0.04° 3.46 £ 0.09¢ 15.98 +0.28° 67.57 £0.18% 31.70 £ 0.57 7.19 £0.01¢"
A-BRM 71.95+0.61° 5.41+0.57° 20.34 + 1.50 64.92 + 1.44% 40.40 + 3.31% 8.14 + 1.24¢
A-GBRM 72.53 + 0.86° 4.68 +£0.87° 19.13 £2.47% 66.18 + 2.20% 37.71 +5.28° 7.31 + 1.468
A-PBRM 69.00 + 0.314 6.45 +0.52° 20.29 + 1.22° 62.39 + 1.00° 42.02 +2.72° 10.72 + 0.77°

*Brightness, L*; redness, a*; yellowness, b*; white index, WI; yellow index, YI.
*Values represent Mean = SD (n = 3).

*Values in a column for each sample with different superscripts are significantly different (p < 0.05).

*F-, S-, E-, and A- represent filtrated, sieved, experimental, and autoclaved experimental samples.
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Fig. 27. The color appearance results of the experimental group samples before and after

commercial sterilization.
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Table 16. Proximate compositions of rice-based milk: (a) wet basis; (b) dry basis

(a) Wet basis (%, w.b.)

Sample Moisture Crude protein Crude fat Crude ash carbrf);)ltya(;ra te
F-BRM 88.94 + 0.332 0.79 0.22 + 0.02¢d 0.15+0.01¢ 9.90
F-GBRM 89.05 + 0.52° 0.79 0.19 + 0.02¢ 0.14 + 0.00¢ 9.83
F-PBRM 89.32 +£0.322 0.68 0.18 + 0.04¢ 0.14 + 0.00¢ 9.92
S-BRM 89.16 + 0.55° 0.82 0.22 +0.02¢ 0.15 £ 0.00°" 9.65
S-GBRM 89.30 £ 0.37° 0.78 0.20+0.01¢ 0.16 + 0.00° 9.56
S-PBRM 88.22 £ 0.09" 0.88 0.25 +0.03° 0.15 + 0.00¢ 10.54
E-BRM 86.72 + 0.044 1.39 0.56 £0.01° 0.19 + 0.00° 11.14
E-GBRM 87.45 £ 0.07° 1.41 0.59 £0.01° 0.18 + 0.00° 10.37
E-PBRM 86.19 + 0.04¢ 2.10 0.40 +0.01° 0.21 + 0.00? 11.10

*Values represent Mean £ SD (n=3).
*Values in a column for each sample with different superscripts are significantly different (p < 0.05).

*F-, S-, and E- represent filtrated, sieved, and experimental samples.
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L AR ARE S AR (@BE b)iCA
Table 16. Proximate compositions of rice-based milk: (a) wet basis; (b) dry basis

(b) Dry basis (%, d.b.)

Sample Moisture Crude protein Crude fat Crude ash carbrf);)ltya(;ra te
F-BRM 804.29 + 26.60° 7.12 1.96 + 0.19% 1.36 + 0.084¢ 89.56
F-GBRM 814.56 + 42.23° 7.19 1.77 £0.19% 1.27+0.01f 89.77
F-PBRM 837.21 +28.04° 6.42 1.70 £ 0.33¢ 1.35+0.01° 90.53
S-BRM 824.05 + 46.00° 7.55 2.02+0.18% 1.37+£0.019 89.06
S-GBRM 835.42 +£32.14° 7.26 1.85+0.149% 1.40 £0.01¢ 89.49
S-PBRM 748.91 £ 4.63° 7.47 2.12+£0.29¢ 1.34+0.01° 89.07
E-BRM 653.22 +2.28% 10.47 425+ 0.09° 1.43 +0.02% 83.85
E-GBRM 696.72 £ 4.33¢ 11.26 4.67 + 0.06* 1.46 +0.02° 82.61
E-PBRM 624.18 +1.97¢ 15.24 2.87+0.07° 1.52 £0.02° 80.37

*Values represent Mean £ SD (n=3).
*Values in a column for each sample with different superscripts are significantly different (p < 0.05).

*F-, S-, and E- represent filtrated, sieved, and experimental samples.
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Fig. 28. Comparison of °Brix between experimental, commercially sterilized rice-based

milk samples, and commercial product.

*Values represent Mean £ SD (n=3).
*Values in a column for each sample with different superscripts are significantly different
(p <0.05).
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Fig. 29. DPPH radical scavenging activity of control and experimental groups.

*Values represent Mean = SD (n=3).
*Values in a column for each sample with different superscripts are significantly different
(p <0.05).
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Fig. 30. Trolox equivalent of control and experimental groups.

*Values represent Mean = SD (n=3).
*Values in a column for each sample with different superscripts are significantly different
(p <0.05).
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Fig. 31. Total phenolic compounds contents of control and experimental groups.

*Values represent Mean = SD (n=3).
*Values in a column for each sample with different superscripts are significantly different
(p <0.05).
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Fig. 32. GABA contents of control and experimental groups.

*Values represent Mean = SD (n=3).
*Values in a column for each sample with different superscripts are significantly different
(» <0.05).
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Fig. 33. Dispersion stability of rice-based milk before and after commercial sterilization.
(A) Dispersion stability (%) of rice-based milk during different times, (B) The

visual appearance of rice-based milk during different times.
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Fig. 34. Solid content in the supernatant of rice-based milk before and after commercial

sterilization.

*Values represent Mean = SD (n=3).

*Values in a column for each sample with different superscripts are significantly different
(p <0.05).
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Fig. 35. Appearance color results of rice-based milk before and after commercial

sterilization.
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Table 17. Color characteristics in the supernatant of rice-based milk before and after commercial sterilization

Sample L* a* b* WI YI
ES-BRM 30.84 +0.11F -4.24 + 0.06¢ -7.84 £0.12¢ 30.27 +0.124 -36.33 £ 0.66¢
ES-GBRM 35.23+0.01° -5.66 +0.01° -9.30+0.01° 34.32+0.01¢ -37.72 £ 0.04¢
ES-PBRM 67.35+0.01¢ 2.45+0.184 3.46 +0.01¢ 67.08 + 0.02° 7.34 +0.02¢
AS-BRM 73.61 £0.01° -0.13 +0.02° 9.10 + 0.02° 72.08 £ 0.01° 17.66 + 0.04°
AS-GBRM 72.60 + 0.09" -1.21 +0.02¢ 5.92 +0.02¢ 71.94 + 0.09* 11.65 + 0.05°
AS-PBRM 71.24 +0.36° 3.29+0.34 16.92 + 1.332 66.46 + 1.01° 33.93 +2.84°

*Brightness, L*; redness, a*; yellowness, b*; white index, WI; yellow index, YI.
*Values represent Mean = SD (n = 3).
*Values in a column for each sample with different superscripts are significantly different (p < 0.05).

*ES- and AS- represent the supernatant of the experimental and autoclaved experimental samples.
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Table 18. Sensory evaluation of experimental group rice-based milk and commercial

products

Evaluation criteria Oatly A-BRM A-GBRM A-PBRM
Aroma 570+£2.50°  6.10+£2.69% 320+1.93> 420+2.39®
Sweetness 6.30+2.41*  370+1.49° 390+1.91° 4.00=+2.49°
Thickness 630226 5.60+1.65 4.90+1.66° 4.60=+ 143
Smoothness 830+£0.82 440+196° 430+1.70° 4.50+0.71°
Aftertaste 6.40+1.96° 6.60+2.17° 220+1.69® 250+ 1.84°
Color 6.90+1.73* 580+1.81®°® 510+2.08" 530+ 1.49®
Overall preference ~ 6.50+1.27° 590+ 1.528  3.50+1.58® 4.30+1.70°
Total score 46.40+£9.25° 38.10+7.91° 27.10+4.53° 29.40 + 7.82¢

*Brown rice milk, BRM; germinated brown rice milk, GBRM; parboiled brown rice

milk, PBRM.

*Values represent Mean = SD (n = 10).

*Values in a raw for each sample with different superscripts are significantly different

(p < 0.05).
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Fig. 36. Radar chart of sensory evaluation for experimental group rice-based milk and

commercial products.
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