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ABSTRACT

Sangyod brown rice is a traditional rice variety in Phatthalung province. The
characteristic of brown rice is dark red, that contains antioxidant, including anthocyanins,
phenolic acids and high nutrition values. Therefore, ready-to-eat cooked Sangyod brown rice is
alternative product for consumers who are interested in health products. It is a convenient product
to eat and carry. However, anthocyanins and phenolic acids are unstable either processing and
storage. Therefore, the aim of this research was to optimize condition for extraction anthocyanin
from Sangyod brown rice as well as to investigate the effect of processing and storage condition

on the quality change in Sangyod brown rice.

Sangyod brown rice was analyzed for physical, chemical and physicochemical
properties. It was found that, the breadth, length and L/B of grain are as 1.80 mm, 6.60 mm and
3.67, respectively. Thus, Sangyod brown rice was classified as of long and slender grain shape.
The grain weight was 1.54 g/100 g. The moisture, protein, fat, fiber, ash and amylose of Sangyod
brown rice were 11.00, 6.28, 2.41, 3.54, 1.40 and 14.64%, respectively. The gelatinization
property of Sangyod brown rice was investigated by DSC, it was found that the onset temperature
(T,), peak temperature (T,), conclusion temperature (T,) and gelatinization enthalpy (AH) was
76.73, 81.86, 88.01°C and 9.42 J/g dry weight, respectively. The A-type of crystal structure was
found in Sangyod brown rice with crystalline content approximately 30.68%. The viscosity
behavior was monitored by using Rapid Visco Analyzer (RVA). The peak viscosity (PV), Final

viscosity (FV), set back viscosity (SBV) and pasting temperature (P, ) were 75.05, 127.42 61.58

temp

RVU and 93.75°C respectively.

The optimum condition for extraction anthocyanin in Sangyod brown rice was done by
the Design Expert program. The concentrations of ethanol were 0, 45 and 90% (v/v) combined

with citric acid 0, 2.5 and 5% (w/v) for 1, 12.5 and 24 h. The result showed that, the brightness



©)

(L*), the yellowness (b*), the Hue angle and the Chroma decreased as ethanol concentration,
citric acid concentration and extraction time increased (p<0.05), while, redness (a*), anthocyanin
content (Abdel and Hulc method and the pH differential method), total phenolic content and the
antioxidant activity increased (p<0.05). The mathematical model can be used to predict the
optimum condition according to the L*, a* and b* values, Hue angle, total anthocyanin content
(Abdel and Hulc method), total phenolic content and antioxidant activity. It was found that the
optimal extraction conditions were 90% ethanol with 4.25% citric acid for 24 h. Under this
condition of the Sangyod brown rice extract, the L*, a*, b* values and Hue angle were 65.66,
7.62, 10.87 and 56.99, total anthocyanin content by Abdel and Hulc method was 16.06 mg of
cyanidin-3-glucoside/100 g dry wt., total phenolic content was 256.40 mg of ferulic acid/100 g

dry wt. and antioxidant activity that determined by DPPH radical scavenging assay was 70.62%.

Prior to cook ready-to-eat Sangyod brown rice with the retort, rice was soaked in
boiling water and sampling 2 minutes-intervals to monitored moisture content and degree of
gelatinization. It was found that, after soaking for 18, 20, 22 and 24 min in boiling water, the
degree of gelatinization was ranged from 65.50 to 87.79%. Then soaked rice at certainly time,
was packed in a retort pouch, sealed and sterilized at 118°C under pressure 23 pound/square
inches. The time taken to increase the sample temperature to reach the sterilization temperature
(Come up time) was 23 min, heating time was held at 118°C for 26 min, and cooling time was 31
min. Therefore, the sterilization time was 80 min, (F,Formula = 4.12 min). The quality of cooked
rice with electric rice cooker, microwave and retort (soaked for 18, 20, 22 and 24 min in boiling
water) were compared. The results showed that, rice that cooked by retort (soaked 24 min in
boiling water) had the highest width and depth cracks. It had the highest moisture content,
elongation ratio water uptake and stickiness (p<0.05) while the lowest hardness was detected
(p<0.05). The sensory evaluation 9-point Hedonic scale showed that cooked rice by retort (soaked
24 min in boiling water) had the highest texture and overall acceptability score (p<0.05). Under
this condition, cooked rice had the lowest in L*, a* and Chroma (p<0.05), while it had the highest
in Hue angle (p<0.05). Cooked rice by retort (soaked 24 min in boiling water) showed the highest

loss of anthocyanin content, total phenolic acid and antioxidant activity (p<0.05).
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Ready-to-eat Sangyod brown rice with the retort cooking (soaked 24 min in boiling
water), electric rice cooker and microwave were stored at 4°C for 7 days and determined quality
every 3 day-intervals. The result shown that, L*, a* values and Chroma decreased (p<0.05), while
Hue angle increased (p<0.05) on the 7" day of storage. The hardness of cooked rice increased
(p<0.05) and the adhesiveness decreased (p<0.05) as a result of the retrogradation increased
during storage (p<0.05). Therefore, texture and overall acceptability score of cooked rice
decreased (p<0.05). In addition, anthocyanin content, total phenolic content and antioxidant
activity decreased during storage (p<0.05). Ready-to-eat Sangyod brown rice with the retort
cooking (soaked 24 min in boiling water) was stored at 4°C and room temperature and determined
for the quality for 6 months. It was found that cooked rice that stored at 4°C had higher L *, a *
values and Chroma than the cooked rice that kept at room temperature (p<0.05). Whereas, the
decrease in Hue angle of cooked rice that stored at 4°C was lower. Meanwhile, cooked rice that
stored at 4°C had higher anthocyanin content, total phenolic content, antioxidant activity,
hardness and retrogradation than the one that stored at room temperature (p<0.05).
However, texture and overall acceptability score had lower than that stored under room

temperature (p<0.05).
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Source: Copeland et al. (2009)
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tannins (proanthocyanidin and ellagitannin)

Source: Dai and Mumper (2010)
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Figure 6 Representations of primary cell wall structure of plant material and cross-linking
between structural components and phenolic compounds

Source: Adapted from Acosta-Estrada et al. (2014)

Note: Cellulose (A), hemicellulose (B), structural proteins (C), pectin (D), phenolic acids (E) and

lignin (F)
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Figure 7 Chemical structure of phenolic acids

Source: Tian et al. (2004)

Note: Hydroxybenzoic acid (A) (protocatechuic acid: R,= H, R,= OH, R,= OH, hydroxybenzoic
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Figure 8 Chemical structure of anthocyanin

Source: DeMan (1999)

Table 1 Anthocyanidins more commonly found in nature

Anthocyanin R, R, Chemical structure
OH
Pelargonidin H H
OH -
Cyanidin OH H @
OH
OH
Delphinidin OH OH @ -
3
Peonidin OCH, H @
OCH
o 3x
Petunidin OCH, OH @
OH

Malvidin OCH, OCH, 8"
OCH4

Source: Durst and Wrolstad (2001)
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1.6 4 pH 1.0

Absorbance
=

Flavylium cation: orange to purple Hemiketal form: colorless
pl=10 pH=45

250 350 450 550 650 750
Wavelength, nm
Figure 9 UV-Visible spectra of anthocyanins in pH 1.0 and 4.5 buffers and the structures of the
flavylium cation and hemiketal forms
Source: Wrolstad et al. (2005)

Note: R=H or Glycosidic substituent
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Figure 10 Stabilization mechanism of acylated anthocyanins-proposed spatial intermolecular
stacking configuration and stacking of acylated anthocyanin

Source: Giusti and Wrolstad (2003)
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Figure 11 Thermal degradation of anthocyanin

Source: Patras et al. (2010)
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Degradation reaction
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Figure 12 Anthocyanin chemical forms depending on pH and degradation reaction for
anthocyanin
Source: Castaneda-Ovando et al. (2009)

Note: R, = H or Saccharide, R, and R, = H or Methyl
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Table 2 Central composite design for anthocyanin extraction from Sangyod brown rice
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Coded levels Actual levels
Number of
Ethanol  Citric acid Time Ethanol Citric acid Time
treatment
X)) X, X3 (%) (%) (h)

1 1 1 1 90.00 5.00 24.00
2 0 0 1 45.00 2.50 24.00
3 0 0 0 45.00 2.50 12.50
4 1 1 1 90.00 5.00 24.00
5 1 -1 -1 90.00 0.00 1.00
6 0 0 -1 45.00 2.50 1.00
7 0 1 0 45.00 5.00 12.50
8 -1 -1 -1 0.00 0.00 1.00
9 0 -1 0 45.00 0.00 12.50
10 -1 0 0 0.00 2.50 12.50
11 0 0 0 45.00 2.50 12.50
12 -1 -1 1 0.00 0.00 24.00
13 -1 1 -1 0.00 5.00 1.00
14 1 1 -1 90.00 5.00 1.00
15 1 0 0 90.00 2.50 12.50
16 -1 1 1 0.00 5.00 24.00
17 0 0 0 45.00 2.50 12.50
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Figure 13 Sangyod brown rice

Table 3 Physical properties of Sangyod brown rice

Physical properties Sangyod brown rice
Length (mm) 6.60+0.05
Breadth (mm) 1.80+0.02
L/B 3.67+0.01
Grain weight (g/100 gains) 1.60+0.03
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Table 4 Color values of Sangyod brown rice

Color values Sangyod brown rice
L* 38.48+0.08
a* 12.43£0.07
b* 18.61+0.04
Hue angle 56.26+0.16
Chroma 22.38+0.08
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Table 5 Chemical properties of Sangyod brown rice

Chemical properties Sangyod brown rice
Moisture (%) 11.00+0.15
Protein (%) 6.28+0.04
Fat (%) 2.41+0.06
Fiber (%) 3.54+0.02
Ash (%) 1.40+0.08
Amylose (%) 14.64+0.81
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Figure 14 X-ray diffractogram of Sangyod brown rice
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Table 8 Prediction of equation and experiment for optimization on physical and chemical

properties of Sangyod brown rice extraction

Properties Predicted Experiment Error (%)
L* 63.62 65.66+0.15 3.11
a* 7.32 7.62+0.21 3.93
b* 10.41 10.87+0.19 4.23
Hue angle 55.04 56.99+0.0.46 342
Anthocyanin content by Abdel and Hulc method 15.47 16.06+£0.32 3.67
(mg of cyanidin-3-glucoside/100 g dry wt.)
Phenolic content (mg of ferulic acid/100 g dry wt.) 250.27 256.40+1.21 2.40
DPPH free radical scavenging activity (%) 68.59 70.662+0.11 2.93
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Table 9 Physical properties of Sangyod brown rice after soaked in boiling water at various time
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Soaking time Starchy core Breadth Length
(min) (%) (mm) (mm)
0 100.00+0.00" 1.78+0.05" 6.65+0.02"
2 100.00+0.00" 1.80£0.07" 6.82+0.08"
4 100.00+0.00" 1.85£0.02% 6.98+0.01"
6 100.0040.00" 1.9140.01% 7.084+0.09™
8 100.00+0.00" 2.07+0.04° 7.13+0.09
10 93.3345.16° 2.1140.07° 7.17+0.08"
12 80.00+5.48" 2.07+0.09% 7.2140.06™
14 78.33+4.08' 2.16+0.04° 7.24+0.08"
16 65.00+5.48° 2.48+0.06 7.39+0.02°
18 56.67+5.16° 2.5240.07" 7.47+0.09°
20 41.67+4.08° 2.54+0.01" 7.48+0.04°
22 36.67+5.16" 2.64+0.06" 7.55+0.03"
24 26.67+5.16° 2.66+0.02" 7.62+0.03°
26 11.67+4.08" 2.96+0.04" 7.65+0.08"
28 6.67+5.16" 2.99+0.02° 7.68+0.03"
30 0.00+0.00° 3.02+0.01" 7.70+0.01"

Note: Mecan with the different letters in the same column are significantly different (p<0.05).



Figure 25 Appearance of Sangyod brown rice after soaked in boiling water at various time; 0 (a), 2 (b), 4 (c), 6 (d), 8 (¢), 10 (), 12 (g), 14 (h), 16 (i), 18 (j), 20 (k), 22

(1), 24 (m), 26 (n), 28 (0) and 30 (p) min
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Figure 26 Moisture content of Sangyod brown rice after soaked in boiling water at various time

Note: Means with different letters are significantly different (p<0.05).



95

auIANMInNNIou

Y
]

a a 7 3 9 I A 9 1 R Aq Y A R
MIAaad lugsuvssuaasnduauianiaanudousdraniian 1o
[ < 9 @ a a @ I'd 49@1 (Y % ~ 9
FTAUMIFNUOANANT TasszauMIINaaa lusduyesdmssaziuognulSuaninly
9 9 Ao Y 9 9 A =
szaznalumsIvanudeu vazaszuiumsnleluns Iianudou 110a15199N 10 LaAAID4
A a a % 9J 9 v o d' ] ] %’ = d‘ 1 (%
auian1sAaaIn hugsuvestiindssdaaneanmiunsuylutufoannaianaany
' A ' E A X 1 9 Al 9 a
Wy eszezna lumsuyluiifeaiviudinaliguugiisuau (T)  qungi (T)
gaungiigame (T.) wagwasaunlFlumsinanad lusdu (AH) iaanas (p<0.05) Tuvmz
A o a a o ) Yy o 7 A 2 Y 2 A
NszAUMINAaIR lsFuveItINdosdetnealingaiu (p<0.05) NalitoINIINNAINS
(] ¥ A dgl 1 Y I Y A o A A dﬂl 2 [
ua Ty AeAIUIY dana lHuaadINssAUMIENANLAY TAgIZFUNUNMITNUNTIUYDY
D) Yy o vd 0 aA ' Y A = a o a a o
1IN0 IFI UM 1aAUALINAN 2 YoM Uy 1 1ADA FILNTLAVAITMTNAANR 11T
1T W 1] a a @ A 3 ] ao)
MU $08ag 2.97 HAzIAUMINADAIR IIFFUILNLIUAaDATLeZIa 1M us 1 uAoa
& A 1 I a < 9 9 o = o Aa A o
IUNTENINNAMILF 1L UADAUIL 30 YN WAAT1INADITIINIATTZAUMINADAA 1T
Voo Y d A A ' ¥ A o ' ° ) o o & A
WAU3BEAz 100 WuAB NIzeznaImMsusluitasandnazi livninassdivieananis
] P A 3 ] a a % I A 3
ANogNANY B FIMTNNIUVOITZAUMTINARAIA s urnau1nm sy uve
v ] ? A : Yy & 9 a o ¥ 9 g Y
szozarlumsldanudeuiindea dawwaliuaadiunanisgaduindiguan laedi

=

< o Y a o o ?:’ 4 9 A ag = o Y a
7IAL31 1’]']114Lﬂﬂﬂ']ﬁﬁ]‘].lﬂuﬂlﬂﬁu’]i!ﬁzaﬁ’lﬁ%uﬂﬁuﬁulﬂW‘lllll']ﬂaUu ﬂﬁﬂ?iﬁlﬂﬂﬂ'ﬁgifglﬁﬂ

De

9 4 9 2 1 9 o a Aa Y 9 A
Tassadwvosgassunsya lduniu dewaliszaunsmanald lussuaesdiunuiu
9 9
(Islam et al., 2002; Saif et al., 2004; Taghinezhad et al., 2016) NsAny1luATIvzAALADN
v ) XA 9 A o v v & 1 A o
annzmsinanudewdesduiminz aunumsyegnalentollsaindeanuaugs Tae
a [ a a Y] g’; 1 Y] 4 a a .
NITUINNTLAVMINARAIA LU FUAUATDIAT 65-90 (DUAAVAL 10¥N3 1NN, 2546) F4
= ¥ 9 X g o q U Y . Y a4 !
NnamMIAnYINI lanudeweaduazinli ldszeznaimsurluindeanmunz anney
9 Y & 1 dy [ g’; 9 1 ~ ~
MIHIGNAIBHTOINAUFOANNAUFY NINA 4 52o21I81 11N 18, 20, 22 1Az 24 Wi Tagl]
A5 osazMINARaIR IUsy 1101 65.50, 74.31, 82.75 tag 87.79 auaiay) ¥ave ldan1iy
o U A 9 o = a 9 Y v 9 2
ainannla Il 15 luduaeumsanuimsndadiandesdsineayegnniouys Inalunisuy

a a 9 9 é ' dy 1Y 1
mii;ﬂﬂﬁuwmwmmmwwammwuqqm"lﬂ


http://www.sciencedirect.com/science/article/pii/S1672630816300683#bib0070
http://www.sciencedirect.com/science/article/pii/S1672630816300683#bib0150
http://www.sciencedirect.com/science/article/pii/S1672630816300683

96

Table 10 Thermal properties of Sangyod brown rice after soaked in boiling water at various time

Soaking time T, T, T, AH Gelatinization
(min) (°C) (°C) §(®) (J/g) (%)

0 76.73+0.01° 81.86+0.01° 88.01+0.14°  9.42+0.01° 0.00+0.00"
2 76.68+0.02" 81.61+0.01" 87.73x0.01"  9.14+0.01" 2.97+0.08"
4 76.43+0.02" 81.47+0.01" 87.60+0.01"  9.03+0.01" 4.14+0.15°
6 76.01+0.01' 81.1840.01' 87.20+0.01'  8.76+0.01'  7.05+0.07°
8 75.88+0.01" 80.77+0.01" 86.66+0.01°  8.01+0.01" 14.97+0.15¢
10 75.620.02 80.59+0.02 86.14+0.02 7304001  22.51x0.15"
12 75.21+0.02' 80.47+0.03' 85.66+0.02°  6.20+0.14' 34.18+1.50°
14 74.96+0.01"  80.2240.01"  85.46+0.01"  538+0.04"  42.94+0.38"
16 74.46+0.02° 80.11+0.01° 84.96+0.01°  4.22+0.04° 55.20+0.45'
18 74.0240.02°  79.96+0.01"  84.55+0.01'  325+0.01  65.50+0.15
20 73.76+0.01° 79.61£0.01° 84.28+0.02°  2.42+0.03° 74.31+0.30"
22 73.2240.02°  79.46+0.02" 83.61£0.01'  1.63+0.01°  82.75:0.07
24 73.11£0.01° 79.10+0.02° 83.39+0.01°  1.15+0.01° 87.79+0.15"
26 72.92+0.02° 78.91+0.02° 82.95+0.01"  0.78£0.01°  91.71%0.15"
28 72.11£0.02° 78.62+0.02° 82.41+0.02°  0.48+0.01" 94.90+0.15°
30 - - - - 100.00:£0.00"

Note: Mean with the different letters in the same column are significantly different (p<0.05).
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Table 11 Water uptake and elongation ratio of Sangyod brown rice after soaked in boiling water

at various time

Soaking time (min) Water uptake (g/g) Elongation ratio
0 1.00+0.00" 1.00+0.02°
2 1.10£0.02° 1.03+0.08"
4 1.25£0.01° 1.05£0.01%
6 1.45+0.01° 1.06+0.09™
8 1.65+0.02° 1.07£0.09%
10 1.87+0.03" 1.08+0.08"
12 2.12+0.02" 1.08+0.06%
14 2.40+0.01" 1.09+0.08"
16 2.57+0.01' 1.1140.02°
18 2.65+0.03’ 1.1240.09°
20 2.70+0.02" 1.12+0.04°
22 2.73+0.03" 1.1440.03"
24 2.79+0.02' 1.15+0.03¢
26 2.82+0.02' 1.15+0.02°
28 2.87+0.02™ 1.15+0.03%
30 2.89+0.01" 1.16+0.01"

Note: Mean with the different letters in the same column are significantly different (p<0.05).
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Figure 27 Cooked Sangyod brown rice from a retort at various soaking times; 18 (a), 20 (b), 22

(c), 24 (d) min, from an electric rice cooker (e) and from a microwave (f)
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Table 13 Physical properties of Sangyod brown rice under various cooking method

Cooking method Breadth (mm) Length (mm)
Retort (soaked 18 min in boing water) 2.59+0.06" 7.5140.02°
Retort (soaked 20 min in boing water) 2.6440.03" 7.58+0.08"
Retort (soaked 22 min in boing water) 2.70+0.02° 7.65+0.02°
Retort (soaked 24 min in boing water) 2.7640.07° 7.72+0.03"
Electric rice cooker 2.49+0.05 7.54+0.03"
Microwave 2.36+0.04" 7.44+0.04"

Note: Mean with the different letters in the same column are significantly different (p<0.05).
Breadth and length of raw Sangyod brown rice were 1.78+0.05 mm and 6.95+0.02 mm,

respectively.
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Table 15 Texture of cooked Sangyod brown rice from various cooking method

Cooking method Hardness Adhesiveness
N) N)
Retort (soaked 18 min in boing water) 153.80+2.11° 4.25+0.09°
Retort (soaked 20 min in boing water) 149.68+3.75° 4.59+0.09"
Retort (soaked 22 min in boing water) 131.53+1.46° 4.76+0.04°
Retort (soaked 24 min in boing water) 122.49+3.36" 4.93+0.03"
Electric rice cooker 223.17+5.63" 2.47+0.05"
Microwave 228.52+4.51° 2.60+0.03"

Note: Mean with the different letters in the same column are significantly different (p<0.05).
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Table 16 Moisture content of cooked Sangyod brown rice from various cooking method

Cooking method Moisture content (%)
Retort (soaked 18 min in boiling water) 59.86+0.59°
Retort (soaked 20 min in boiling water) 60.90+0.46°
Retort (soaked 22 min in boiling water) 62.89+0.34"
Retort (soaked 24 min in boiling water) 64.53+0.66°
Electric rice cooker 54.65+0.87"
Microwave 52.62+0.22°

Note: Mean with the different letters in the same column are significantly different (p<0.05).
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Figure 28 Cross section of raw Sangyod brown rice (a), soaked rice 24 min (d), cooked rice by electric rice cooker
(g), cooked rice by microwave (j) and cooked rice by retort (m) at magnification 50X; Cross section of
outer layer of raw Sangyod brown rice (b), soaked rice (e), cooked rice by electric rice cooker (h),
cooked rice by microwave (k) and cooked rice by retort (n) at magnification 2,000X; Starch granule of
raw Sangyod brown rice (c), soaked rice (f), cooked rice by electric rice cooker (i), cooked rice by
microwave (1) and cooked rice by retort (0) at magnification 5,000X observed by SEM (accelerating
voltage 20 kv)

Note: P, pericarp; AL, aluerone layer; AG, aluerone grain; AC, aluerone cell; EL, endosperm layer and CW, cell wall
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Table 19 Cooking quality of cooked Sangyod brown rice various cooking method

Cooking method Water uptake Elongation ratio
(g/8)
Retort (soaked 18 min in boiling water) 2.80+0.03° 1.23+0.01"
Retort (soaked 20 min in boiling water) 2.83+0.02° 1.25+0.03"
Retort (soaked 22 min in boiling water) 2.8740.01° 1.32+0.05°
Retort (soaked 24 min in boiling water) 2.91+0.02° 1.65+0.02°
Electric rice cooker 2.85+0.02° 1.2540.02°
Microwave 2.74+0.02" 1.19+0.02"

Note: Mean with the different letters in the same column are significantly different (p<0.05).
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Figure 29 Hardness (a) and adhesiveness (b) of cooked Sangyod brown rice under various

cooking method during storage at 4°C

Note: Means with different small letters in each line are significantly different during storage (p<0.05).

Means with the different capital letters in each day are significantly different among three different

cooking methods (p<0.05).
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Figure 31 Anthocyanin content (a), phenolic content (b) and DPPH scavenging activity (c) of raw rice
and cooked Sangyod brown under various cooking method during storage at 4°C
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Figure 32 Hardness (a) and adhesiveness (b) of cooked Sangyod brown using retort at 118 °C for
26 min and storage for 6 months under various storage temperatures
Note: Means with the different small letters in each line are significantly different during storage (p<0.05).
Means with the different capital letters in each month are significantly different among two

different storage temperatures (p<0.05).

NS is non-significantly different among two different storage temperatures (p>0.05).
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Note: Means with the different small letters in each line are significantly different during storage (p<0.05).
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Appendix Figure 1 HPLC chromatogram of phenolic acid standard and peak identification at
260 (a), 270 (b), 280 (c¢) and 325 (d) nm.; Gallic acid (1), protocatechuic
acid (2), 4-hydroxybenzoic acid (3), vanillic acid (4), caffeic acid (5),
syringic acid (6), p-coumaric acid (7), ferulic acid (8), sinapic acid (9),

p-cresol (10), rutin (11), quercetin dehydrate (12), kaempferol (13)
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Appendix Figure 2 Standard curve of phenolic standard; gallic acid (a), protocathuic acid (b), 4-

hydroxybenzoic acid (c), vanillic acid (d), caffeic acid (e), syringic acid (f)

and p-coumaric acid
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Appendix Figure 2 (con.) Standard curve of phenolic standard; ferulic acid (h), sinapic acid (i),

p-cresol (j), rutin (k), quercetin dehydrate (1) and Kaempferol (m)
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Appendix Figure 3 HPLC chromatogram of free phenolic acid and peak identification at 260

(a), 270 (b), 280 (c) and 325 (d) nm in raw Sangyod brown
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Appendix Figure 4 HPLC chromatogram of bound phenolic acid and peak identification at 260

(a), 270 (b), 280 (¢) and 325 (d) nm in raw Sangyod brown
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Appendix Figure 5 HPLC chromatogram of free phenolic acid and peak identification at 260

(a), 270 (b), 280 (c) and 325 (d) nm in cooked Sangyod brown rice by

electric rice cooker
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Appendix Figure 6 HPLC chromatogram of bound phenolic acid and peak identification at 260
(a), 270 (b), 280 (¢) and 325 (d) nm in cooked Sangyod brown rice by

electric rice cooker
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Appendix Figure 7 HPLC chromatogram of free phenolic acid and peak identification at 260

(a), 270 (b), 280 (c) and 325 (d) nm in cooked Sangyod brown rice by

microwave
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Appendix Figure 8 H7PLC chromatogram of bound phenolic acid and peak identification at 260

microwave

(a), 270 (b), 280 (c) and 325 (d) nm in cooked Sangyod brown rice by
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Appendix Figure 9 HPLC chromatogram of free phenolic acid and peak identification at 260 (a),

270 (b), 280 (c) and 325 (d) nm in cooked Sangyod brown rice by retort
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Appendix Figure 10 HPLC chromatogram of bound phenolic acid and peak identification at 260

(a), 270 (b), 280 (¢) and 325 (d) nm in cooked Sangyod brown rice by retort
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Appendix Figure 12 A horizontal water spray retort was used in this research (a), probe position
in a retort pouch (b), The arrangement of samples on the tray of retort (c),

The probe of retort was connected with recorder (d)
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Appendix Figure 13 Semi-logarithmic between temperature and time for calculating F, formula
of Sangyod brown rice

Note: Sangyod brown rice was soaked in boiling water for 24 min before cooking by retort
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PM3AIIMKIA F, (Ball and Olson, 1957)
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1. VHANAANI (Wadsworth ez al,, 1982)
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8. YSunamsisznevuednnanua (Singleton ef al., 1999)
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Appendix Figure 14 Standard curve of ferulic acid

9. BmnamsmueyyadaszaIeIs DPPH (Brand-Williams ef al., 1995)
ginsnl

wseeanlns I Tadimes (Spectrophotometer)


http://www.sciencedirect.com/science/article/pii/S0308814610006989?np=y#bib9

197

=
GRRIGEY
1308019 DPPH (2,2-diphenyl-1-picrylhydrazyl) (DPPH 91174 4.73 daaniu azaly
luremuealsuias 100 Jaaans)
axn
BN
1. Whasanaa1061915103 300 lulasans waunuaisazates DPPH 1511035 1.5

Aa Aaa [] Y 9 o Z‘, Qy sjdl a9y = A A
Haaans e ldnu mm"bmmwﬂwmum 40 W lunie

U

2. 1a15aza1e DPPH 1uonmuea (A ) Haz@1sHauIsHINaIsanan1ng1ani

control

prPH (A, )l dasimsganduuasinnuennau 515 i Tuwasaemiln Ins T lalimes

sample

3. MualSinaasdueyyaddse 1Ngas

A x 100

nanssuMImueyyadase (fooaz)

control — * *sample

control

10. YSanamauInlsenfiuge35voa Abdel-Aal and Huel (Abdel-Aal and Hucl, 1999)
d
aunaas
4 a 4
insesanlns T Indimes (Spectrophotometer)
=
CARIGEY
o w 1 (% a [} 1 A d' d‘
1. haedasanaueu Inlsetiu wiamnmsganauudsiinnueninau 535 uilu
AT
2. wafFunameuIn lyeniiv 1ingas

SuaweuInlweniiu Gaansuaonsy) = A XV x MW x1,000

¥ 1 -7
€ X UNMHUNAIBYN (NTN)
A A 1 A [
o A A9 AINIYANAULEIVDIAITANA
A - an 4 a [
€ 0 molar absorptivity (lasentiau-3-ngTnlad = 29,600 Ansae Tua
ADLYUALNAT)
A g’u (%
VvV A9 YSuasnivuevesaisana

A aa 4
MW Ao wialuanaves lwentiau-3-ngTalad = 449.2
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Appendix Table 4 Preparation of phenolic acid mixed standard

Concentration of mixed Volume of each phenolic Total volume Volume of 80%
standard (ug/ml) acid from stock solution (pl) (ub) ethanol (pl)
80 10 130 370
100 12.5 162.5 337.5
120 15 195 305
140 17.5 227.5 272.5

160 20 260 240
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Iinszririatazlfiinameansailueandls HPLC (faulasain Sompong et al., 2011)
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