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Abstract: In order to evaluate the quality parameters for short-term stored paddy with slightly high moisture, this study
determined the changes in intergranular air relative humidity (RH) and wetbulb temperature of grain bulk with an
equilibrium moisture model and Newton-Raphson method, and analyzed the effect of their accumulation amount during
storage on thermal and thermo-mechanical properties, and lipid components, and appearance quality indexes in milled rice.
The japonica paddy with 15.3% MC was put into warehouse in winter and stored for 163 days, when the average dry
temperature in bulk increased from 8.3 to 22.9°C, the average RH in bulk layer 1, 2, 3, and 4 respectively increased 3.6%,
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3.0%, 2.9%, and 2.9% from 75.1%, and wetbulb temperature respectively increased 15.21, 13.57, 13.47 and 13.29 °C from

6.2 °C, showing no damage from stored insects and fungi. The gelatinization peak temperature of rice flour measured by

DSC remained unchanged. A Mixolab analysis showed, during paddy storage from 45 to 213 d, dough development time

and stability time, and starch setback torque gradually increased, but enzymatic speed decreased. GC-MS analysis showed

the percent of the main fatty acid species kept unchanged during 213 d paddy storage. External indexes like accumulation of

grain bulk maximum temperature, and accumulation of wetbulb temperature corresponding to bulk maximum temperature,

and internal indexes such as the temperature, area and height of rice flour gelatinization peak measured by DSC, and dough

development time and stability time, gelatinization peak torque and enzymatic speed in rice flour measured by a Mixolab,

and fatty acid components (Cyy.1, Ci4.00 Cop503 Cao3n60 Ca020 Ca0:15 Caaits Caag)> as well as rice appearance quality indexes

like head rice percentage, small broken kernel rate, and kernel size could be used as the evaluation indexes for the low

temperature storage of a japonica paddy with slightly high moisture.

Key words: slightly high moisture; japonica paddy; air properties of grain bulk; head rice percentage; starch gelatinization;

gelatinization speed
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Table 1 Changes in moisture content of sampling sites in paddy bulk during storage
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Fig.3 Changes in relative humidity in bulk layers
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Table 2 Changes in milled rice yield and rice physico-chemistrical parameters during paddy storage
Al ES AR EKE(%) KA (%) Bt eE(0.1) e %(0.1) WK (%)
45 15.14+0.06™ 70.46+0.13" 2.7240.09° 13.97+0.35 45.39+0.43°
" 105 15.194+0.06" 70.26+0.13° 3.10+0.09® 13.80+0.35° 46.73+0.43"
ffFERE(d) . . .
163 15.07+0.06 70.43+0.13 3.25+0.09" 10.72+0.35° 46.10+0.43"
213 14.5240.06° 71.31£0.13° 2.98+0.09° 11.56+0.35° 49.02+0.43°
—= 14.89+0.05° 70.83+0.11° 2.98+0.08 12.49+0.30° 46.60+0.37°
HRHETR AL —E 15.080.05" 70.56+0.11° 2.93+0.08° 12.38+0.30° 47.49+0.37"
=)z 14.97+0.05° 70.46+0.11° 3.12+0.08° 12.68+0.30° 46.34+0.37°
e BN TEAR PO AR 132N S A7 R BERHERR AL, W — S AHIR/ NG F- 1 3om b i 22 (8] 22 5 .35 (P<0.05); 3, $25~3K8JAl,
# 3 FBAEAABIRIIORIMIL s 2R ik
Table 3 Changes in milled rice appearance quality parameters during paddy storage
AL R (%) IR ZE (%) ATEEREE (%) BRI (%) R (%) EHE(%)
45 86.15+1.53" 0.28+0.03" 0.94+0.20 0.35+0.03" 16.96+0.93* 4.93+0.30°
; 105 85.92+1.53" 0.3120.03" 0.55+0.20° 0.27+0.03 18.64+0.93° 5.50+0.30°
fAE KB (d) . ) N . . N
163 81.40+1.53 0.27+0.03" 1.25+0.20 0.26+0.03 10.40+0.93 3.04+0.30
213 79.28+1.53° 0.30+0.03" 1.8040.20° 0.22+0.03" 8.83+0.93" 2.54+0.30
—)Z 83.32+1.33° 0.29+0.03" 0.94+0.18° 0.26+0.02° 13.5120.80° 4.08+0.26°
ARHEFRA Z)Z 83.21£1.33° 0.29+0.03" 1.13+0.18% 0.29+0.02° 13.63+0.80° 3.88+0.26"
=B 83.03+1.33" 0.29+0.03" 1.33%0.18" 0.28+0.02° 13.98+0.80° 4.05+0.26°
PR (mm) FFRLSE (mm) Kt TR (g) HERE(0.1) (%)
45 4.17+0.04 2.63£0.01° 1.59+0.01° 30.61+0.73° 8.82+0.01° 24.41+1.58"
; 105 4.16+0.04¢ 2.62+0.01° 1.59+0.01° 26.76+0.73° 8.79+0.01° 25.54+1.58°
fAE R (d) , , , : d .
163 4.29+0.04° 2.63£0.01° 1.63£0.01° 22.58+0.73¢ 8.71+0.01 33.19+1.58°
213 4.23+0.04% 2.63£0.01° 1.60+0.01° 22.19+0.73¢ 8.74+0.01° 23.34+1.58"
—)Z 4.31%0.03° 2.63£0.01° 1.60+0.01° 24.95+0.63 8.77+0.01° 25.61£1.37°
ARHETR A =) 4.2240.03° 2.63+0.01° 1.60+0.01° 25.7440.63° 8.77+0.01° 26.18+1.37°
=2 4.2140.03° 2.62+0.01° 1.60£0.01° 25.92+0.63 8.76+0.01° 28.07+1.37°
F 4 BRI IO 5 BHE PR A S 8 KEAHE, 213 d BARAII LKA (B AR SCFIE R L A e =R

Table 4 Correlation analysis between head rice percentage and
other quality parameters in milled rice

KT e bR LEEE Y3 FOK AR LEEE Y1
ek -0.9972" LR -0.2605
KB 0.8329" & 0.2149
i 0.8188" L 0.1561
INEEAR —0.7659" MR EL 0.1483
BUROK A -0.3995 TR 0.1299
bi1is 0.3173 Y & ~0.1269
ANGEERLAR -0.3023 ok 0.1009
RASEIRS 0.2959 it i 0.0800

T *FRRAC R YGRS 22 57 1 3 (P<0.05)

PRI | KR B ) 2Z A2 I IEAH G . BT
SEFEBR A SC T R T RIS HR A R ) R BSOFITAR
HEFSA, BRI AR SR e B RORE K 3 /INIAEKARE . Kopr
KBV RWIUA S /K% 15.3% MIFEATE = RV A F
fitg W (] A0 S A RS s o
2.6 EMHICERME SRR

M 5 B, IWIRFTREZ R TR B WRER A B
EXES . RBIRIEIL LR | WE(E . 2RI PURAT
FEZ [aEARIR, T 163 5 213 d Z[AIp2E 32 mifk
WA TR AR L v BE R R o ORI I T R SR oAk Y

.

M 6 F i, BEEFEAAEAART A 45 d B3]
213 d, KBy H R BRI (DDT) . FaEm[a] (DST) R iE
Ay E A (C5— C4) HI A & %7 3, & H 55 1k
(C1—Cs) . Wifb W {E HH 55 (C3) . TE K5 Bl vf M
(C3/C4) . FERIHIAIFE (C3 —C4) | INPUER () |
IR (B) PRREANAE, MR () B, DA
BRI IR A 7 1 1] KK 4 SR R A LA A P
AR AR

2% 7 AR T R AR A A3 (0] oK Ay R 2245 45,
A REAE 213 d I T RKRIR SA8AE 105 d I TRk
PRAESAR . BEMR . 03 FIAROBL A M UL 485 H4) J7 THI T AT 22
5o ULEATEBR IR YBIEHZI R R, LA G K
S e s S KRR AT, T 4 DA A R il
AT AR B AR, FIADREHE A B i (O RS
FZSBRE 0.4) BEAELRIPFFRLIAIBR 1Y 25 A TRIRAR
TBEAE, Lk, T TR S 2445 53 AT5 98 T 2 GB/T
1354-2018 FRE 1) —ZHFEK (90 43) .
2.7 KKBERRERRK P ECER T

TEAAELS 45 3] 105 d SCEAEAAHHEME], JTORNN
FIRRDER AN SRR Y & & W 3N (P<0.05), Z )5



- 334 - 1 Tl B4 2022 4F 1 H
K5 FERARAFIIE JOK B ORE S PR 224k
Table 5 Changes in taste value and thermal properties of milled rice during paddy storage
I ‘ P Sk
R B TR AL (J/g) (IR (°C) RARIEE(C) ZRIRE(C) FEE(C) £ (0.01 mW/mg)
45 80.67+0.58" 3.95+0.94% 67.83+0.15° 63.03+0.68" 71.43+0.64* 6.93+0.81° 10.77+1.33%*
105 82.00+1.00° 3.57+1.52% 67.93+0.31° 63.50+0.78" 71.33+0.74* 6.40+1.01° 10.54+2.89%
163 81.67+0.58* 4.34+0.28" 67.67+0.25* 63.17+£0.42° 71.50+0.20° 7.20+0.17° 11.73+0.44*
213 81.3240.58" 3.56+0.19° 67.93+0.31° 62.63+0.71° 71.53+0.90° 8.03+0.25" 8.73+0.32"
6 FEAAARAAI ] IR AR A2 1
Table 6 Changes in thermomechanical properties of milled rice during paddy storage
FAERE(d) DDT(min) DST(min) C1—Cs(0.1 Nm) €3(0.1 Nm) C3/C4
45 3.02+2.87° 4.87+2.99° 3.55+3.26" 24.21+3.24® 1.30+0.12°
105 7.02+1.83% 8.23+0.12° 0.10+0.02° 26.75+0.14° 1.40+0.03°
163 8.25+0.41° 8.43+0.15° 0.06+0.05" 27.00+0.08° 1.36+0.02°
213 3.92+4.15% 6.1£2.20® 1.75+1.54* 26.60+0.24° 1.34+0.07°
C3-C4(0.1 Nm) C5-C4(Nm) a(=0.1 Nm/min) B(0.1Nm/min) y(—0.1Nm/min)
45 5.65+2.09° 0.96+0.11° 0.87+0.10* 4.93+0.75° 0.88+0.24°
105 7.59+40. 43° 1.06+0.03 0.95+0.04* 5.75+0.52% 0.97+0.06°
163 7.16+0.34* 1.05+0.02° 1.04+0.11° 6.40+0.29* 0.99+0.03°
213 6.76+1.04° 1.11+0.03* 0.97+0.06" 5.59+0.63™ 0.79+0.17°
T FEAAAEAAIIRDK IR 22 i BT A2 1k
Table 7 Changes in the eating quality evaluation of milled rice during paddy storage
it RER(d) R TS A% WORLHMRZE R Bay
105 32.2+2.0° 32.6+1.7° 22.2+1.5° 4.8+0.4" 91.4+2.7*
163 32.6+1.5° 33.0+1.2° 22.8+1.3% 4.6+0.5* 93.4+2.6*
213 30.6+2.4° 31.8+1.1° 22.2+0.4° 4.8+0.4° 89.4+2.7%

) 4 2/ (P<0.05), 7555 163 5 213 d Z[a] AV FI
eI LB NI TR RS AR E (E 5) . MUk
FFREZ (8], ARG D 18 -5 10 F IS D7 198 Ee (B PR F5 7
0.32~0.33, T B/ ZZ ARG D iR EUAB AR R — IRFTFRE
TRIFTE 1.41~1.43, PR 5 — IRFTAEIE 1.32, ULEHFS
213 d i B 8] K Z2 A FN R 7 18 2 B A Ul
o FEEEEN 35 FHARTIR Y, SR KT S ng/g 9
18 PR T PR A E 2% 8 4hHh, b 105 5 213 d 19
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Fig.5 Changes in fatty acid components in milled

iR & (ug/g

rice during paddy storage
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Table 8 Changes in the main fatty acid components in milled rice during paddy storage (ng/g)

hgﬁxﬁ(d) CM:] C]4:0 C]S:Znsc C18:3n3 ClR:]n‘)c
45 4.35+0.49° 19.26+2.65 331.52437.61" 397.25+34.89° 41.85+5.66™ 148.92+13.25"
105 5.39+0.26° 18.78+2.03* 392.49+27.47 467.55+31.75 50.37+4.95 178.52+12.68"
163 4.37+0.17° 18.09+0.97° 323.57+10.02° 393.86+19.77° 39.28+1.62° 146.22+8.70
213 4.54+0.43° 13.8240.77° 316.61+14.46° 390.76+16.09° 39.54+0.82° 137.10+8.63"
C 18:2n6t C 18:1n9t C20:4n6 C20:5n3 C20:3n6
45 122.65+11.21° 657.86+63.47° 67.32+5.59° 6.21£1.09° 8.56+1.82° 5.99+1.39°
105 157.29+15.92° 803.07+49.41° 88.83+5.77° 9.61+4.19° 9.01+2.70° 6.59+2.50°
163 124.23+8.54° 647.29+35.89° 69.5422.02° 4.97£2.21° 7.61£3.05" 4.80+0.78°
213 122.06+5.39" 611.67+37.42° 73.1143.65° 6.71£0.62° 11.28+2.02° 5.98+1.76"
C20:2 C20:1 C20:0 C22:0 C24:1 C24:0
45 6.01£2.11° 8.28:+0.34° 10.41£1.07 7.65+0.83° 7.38+0.04° 16.32+1.76°
105 3.67+0.46™ 9.05+0.44° 11.75+0.57* 7.65+0.46" 7.35+0.03" 16.27+1.53°
163 2.1440.14° 8.29:0.36" 10.26+0.65° 7.67+0.51° 7.40+0.01° 16.41£1.22°
213 2.32+1.33% 7.83+0.18° 7.814£0.21° 5.34+0.56° 7.38+0.03" 15.91+1.83°

RO MU SURRES B R XA TR AR

Table 9 Effect of accumulation amount of air property parameters in grain bulk on quality parameters of paddy

Y5 iEr ST
HKER y=70.431-0.159X,-0.016X,~0.014X+0.163X,+0.022X+0.004X;
LR y=85.911-0.371X,-0.002X,~0.072X,+0.452X ,+0.041X5-0.109X 4
TrR{E y=80.524+0.037X,+0.003X,+0.004X;—0.032X,~0.001X—0.022X,
AR ¥=93.242-0.069X,-0.012X,+0.003X,;+0.059X,+0.004X +0.047X ;

TE: X~ X RO R e AL SRR . R IR R R SR A | 5 o X o7 SR AL | e RN BRI | P30 % 17 R R AR o

e (V28 AR DA NeNE AN N STV DS feg e AL

Table 10 Effect of externaland internal factors in grain kernels on quality parameters of milled rice

it 2 At TR etk
g }P94‘686—0.005X1—0.307%)1(5(1 .5_%7{(&;)(2.83?));43—9(;.(743())(813;82_)36(;;)é(;(34i(541()5.(1);)(6X8+0.000X9+0.296X]0+
ii'f'tﬁyl\i%lﬁlﬁ . 11 . 12 . 13 . 14 V- 15 . 16
e ¥=85.603—0.014X,+2.632X,~10.402X,—1.862X /+1.61 1X5+17.443X~0.112X,+0.003X+0.039Xy+1.317X o+
0.090X,,—1.117X,+0.028X,,~0.189X,~0.066 X, 5+0.473X ;¢
PRI e y=19.556-4.082X,+0.934X,~0.146X,+0.123X,+0.170Xs+227.554X;
BUR{E y=61.831+3.084X,+0.304X,-0.156X,+0.308X,~1.675X s~125.484X ¢
PHUbRE s ¥=99.302+0.793X +0.489X,+14.458X,+26.239X .~ 14.859X ;—54.837X ;+86.496 X,—16.358 X,—82.306 X,
BRME y=82.932-0.136X,+0.335X,~1.991X;~-10.372X ,~3.497X+21.016X+3.047X,+1.6 76X +63.974X,

BURRALST  ARSETR4r y=89.838+0.834X,+0.013X,—0.057X;+0.002X,~0.032X5—0.031X,—0.141X,+0.323X,—0.128X,~0.549X , +0.573X 1 +0.626X

BRME

Y=76.045+0.421X,0.297X,~0.021X;+0.013X,,+0.028X—0.011X ,—0.078X+0.294X—0.191X,~0.276 X, 7+0.246 X +0.531X,,
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