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Physicochemical properties of japonica rice and indica rice and their

quality analysis after industrial microwave processing

LI Jinian' GUO Jia' JIA Yibin' MA Mengjie' WANG Ye' CHEN Lishui’

(1. Charoen Pokphand Food Research and Development Co., Ltd., Ningbo, Zhejiang 315300, China;
2. Food Laboratory of Zhongyuan, Luohe, Henan 462300, China)

Abstract: [Objective] To evaluate the taste quality of boxed instant rice prepared on industrial microwave cooking production line with
eight kinds of rice, including japonica rice and indica rice. [Methods] Not only composition, cooking quality, and gelatinization
characteristics of raw rice are tested, but also taste value, hardness, viscosity, sensory scores, and the microstructure are detected to evaluate
the taste quality of different rice varieties. [ Results] There are significant differences in the properties of different rice varieties. Compared
with indica rice, japonica rice has lower average content of protein (by 0.76 g/100 g) and amylose (by 0.85 g/100 g), a higher average dry
matter content in rice soup (by 4.27 mg/g), a higher average iodine blue value (by 0.21), a lower average gelatinization temperature (by
3.39 °C), a lower average retrogradation value (by 74.5 Pa-s), and a lower average value of breakdown (by 145 Pa-s). The japonica rice has
better thermal gelatinization stability, which is easier to gelatinize and not easy to retrograde. After microwave cooking, compared with
indica rice, japonica rice has higher average hardness (by 9.77 N), higher average viscosity (by 2.28 N), a higher average taste value (by
6.87 points), and a higher sensory score (by 2.73 points). Considering the taste values and sensory scores of the rice comprehensively,
Longjing 31 among japonica rice performs the best, with its microstructure presenting a honeycomb structure with relatively uniform pores.
[Conclusion] Boxed instant rice prepared by industrial microwave processing has good taste quality, and japonica rice is more suitable for

microwave processing than indica rice.
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Figure 1 Microwave food production line
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Table I Composition of different rice g/100 g

N . BEHEVERY

Kok sl it TE ¥ (F3b)
18 6.59+0.05° 0.29+0.01° 77.60+0.90" 15.84+0.16"
FHE 65 6.3940.02¢ 0.18£0.02" 78.31+£0.69" 16.16+0.25
e 31 6.4840.01° 0.334-0.01° 79.034+0.95* 15.91+0.09°
TR 45 5.9040.05° 0.264-0.02¢ 73.31+0.35% 16.57+0.36™
VPR 7.55+0.02* 0.40+0.02* 76.73+0.75° 16.2240.13%
EIE 6.99+0.02" 0.3940.02" 76.60+0.80° 17.3740.35"
EF L 25 6.98+0.21° 0.18+0.017 77.57+0.95™ 16.79+0.22°
WEFL  6.91+0.04" 0.23+0.01° 78.30+£1.07" 17.43+0.21°

BOKT-H){H 6.344+0.28  0.26+0.06
HIKEEIMH 7.10420.30 0.300.10

77.05+2.56 16.10+0.39
77.304+0.80 16.9540.57

T SR AR T REAS R R 22 5 W2 (P<<0.05) .
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Table 2 Cooking properties of different rice

Sk kwmpn OTIRE e mui
#/(mg-g ")
18 6.69-0.01° 49.7942.72* 55.8140.01° 1.3040.02°
FHE6S  6.66+0.01" 4936+1.51" 58.54+0.06° 1.26-0.01¢
JeE 31 6.7820.01° 39.5842.43° 68.4240.01° 1.3440.01
TR 45 6.8240.02° 45.72+2.02° 60.00+0.03" 1.6340.01°
PR 6.740.01¢ 38.7940.30° 73.960.02* 1.0140.01"
EEHF 6.86-0.02" 47.00+0.20" 67.230.06" 1.09+0.01°
EH/EH 29 6.7620.03% 40.64+£0.71° 68.514£0.03" 1.35+£0.01°
WEFLL  6.7520.01° 40.93+0.10° 76.460.01" 0.8440.02¢
BT 6.74220.07 46.1154.68 60.69+-5.03 1.3870.15
MK 24 6.7840.05 41.84+3.32 71.54+4.06 1.07+0.20

T SR FAR TR R R 28 5 i 3 (P<C0.05) .
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AT BT UIRE 7, B W00 B /0 | T R R A R R P
TR & B RACRHT BY U R I B0  RE K HGORIK 9 S 2 4R 1
fik 145 Pa-s, Horpr 08 18 7 Mif {E [ (305.0044.00) Pa-s]#
T 6 B RE (306.6711.53) Pa-s i/, #ulifb e &
PER A o Il Ay fie 2 386 B 5 B AR B 0 25 4, R BT
Ve W R kR Ak B A B AR, RS 5 [l A
¥R T M G, BT YR, R OK Y 7 3 [0 AR AR Rl OK
74.5 Pa~s, HopoBI 31 [l A (H SR A1 o R K (080 Ak TR I
MRFEE e B AR A AR e B B SRR bR 2 4
HIA AR , 156 WERE K B A 5 4 i B BT YT RE 97 L B A TR 45
18 N G AR SRR S TR A N S O B R
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Table 3  Gelatinization characteristic parameters of different rice

Kk WAL C RAREE/(Pars) R AE/(Pars) [f] A= {E/(Pa-s) Tl E/(Pa-s) e A /(Pass)
K18 69.87+0.35 282.6741.53° 587.67+2.52" 139.6741.53¢ 305.0044.008 458.0040.03*
W 6T 68.2040.10° 262.0041.00° 568.00+1.00¢ 242.6740.58° 306.67+1.53¢2 465.6740.58¢
JeHi 31 69.3740.35° 284.67+1.53° 605.67+8.50° 132.67+3.51" 321.00410.00" 450.6742.52°
HARRE 4 67.3040.102 259.004 1.00¢ 604.00=+6.00° 241.6741.53¢ 345.0047.00° 434.67+23.50"
HEVE R 73.0740.15° 293.67+0.58° 769.67+5.51° 258.6740.58° 476.0046.00° 507.67+0.58"
EH R 70.17+0.06" 290.67+0.58¢ 725.00+1.00" 249.67+0.58° 435.00+1.00" 495.0041.00°
EH/ L2 71.2740.06° 302.67+3.51° 760.00=+1.00° 246.6741.53° 457.67+4.51° 509.67+4.51°
WE T2 73.77+0.15" 383.67+0.58" 872.67+0.58" 299.67+3.51° 489.0041.00" 603.002.00°
KOS 24 68.6841.07 272.08412.22 591.33416.52 189.174-55.45 319.42417.63 452.17415.61
M2 1 72.07+1.49 317.67+40.10 781.83+57.51 263.67422.26 464.424+21.46 528.83+45.16

T RSB AR TR R # R 28 5 i 3 (P<C0.05) .
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Figure 2 Gelatinization curves of different rice
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Table 4 Taste values of different rice
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SR EE L RKA 5 2B IR E AR Y, —
B HR 2R A ORI, BT v 2 0 AT R 0 R Ak AN R ik
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7B, FLRIEK P35 235 R e A I A A Rl R K 0 B s 1 R AL
B R U/ o HEOK 1Y SCEEVE R O B L WK R 23 TE B
TR LR R R R
2.6 FAEXREHBEEEM

e 6 ron IR KE S IR I 4 3 80 4 MK
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Table 5 Hardness and viscosity of different rice

Sk KAKE KR ‘Rt gkito
S S JURES JEPE 5y

2 H 18 68.3340.58° 67.00+0.63° 6.870.05° 7.3040.06
HE6S  72.00£1.00° 70.174£0.41° 7.3540.08° 7.50£0.09°
Je A 31 72.33420.58" 72.174-0.41" 7.9340.08* 8.1540.05"
RG4S 73.6740.58" 72.83+0.41° 7.77+0.16" 7.9840.18°
TP 55334 1.53% 63.17+0.41° 6.100.17" 6.28+0.18"
5 F 66.3340.58" 64.0041.26" 7.170.05¢ 7.0340.05°
EFEH 25 60.004-0.00° 66.671+0.52° 7.4240.15° 7.28+0.13¢
WAL 58.3340.58" 60.834+1.33" 5.9240.15% 6.03+0.15¢

FEKFHE 71.58+2.15
Rk FEHIE 60.00+4.26

70.54+2.36 7.48+=0.43 7.73%£0.37
63.6742.32 6.65+-0.68 6.66-0.54

Kok fifi i /N FEEN - i1
R 18 28.64+4.12° 6.01+1.15° 0.21+0.04> 0.72-+0.03¢
HEET  24.5246.49™ 5.64-20.87" 0.240.05" 0.7140.03¢

31 22.4243.66* 5.6440.73" 0.2640.02" 0.74+0.02°

=
)

AR 45 25.0945.04"™ 5.2540.84* 0.2140.02* 0.73+0.04°

PESYIIRE 14.274+3.62¢ 2.9640.38" 0.224+0.08" 0.86+0.03"

A 13.53+2.82¢ 2.444-0.48" 0.1940.05* 0.8340.07°
£/ 525 13.4442.20° 3.51+0.56" 0.27+0.04* 0.87+0.02°
WAL 19.524+4.20° 4.000.58 0.2140.02° 0.83+0.02"

K21 25174515 551115

MRS 2414 15.40+3.82 3.23+0.77

0.234+0.04 0.7240.03

0.224+0.06 0.8440.04

T SN AR RS R R R 22 5 W 2 (P<C0.05) .

T FESEE AR REAS R R 22 5 W 2 (P<<0.05) .
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Table 6 Results of sensory evaluation of rice

KAk LS A0 my AUN EE Js¥x
20 18 17.17+1.95 17.2541.54% 24.17+2.59* 21.92+2.47 3.58+1.08 84.08+3.82"
W6 17.58+2.02 18.4241.24® 24.08+1.38" 22.50+2.02 3.67+0.78 86.25+2.96"
Tkt 31 17.58+1.51 18.75+0.97° 24.33+2.31° 22.58+2.11 3.83+0.72 87.08+3.87°
ARG 45 18.17+1.19 18.50+1.38" 22.08+2.15" 22.58+1.88 3.50+0.80 84.8343.66"™
PR R 18.00+1.21 17.25+1.82" 23.424+2.81" 22.08+2.19 3.42+0.67 84.1744.69"
B 18.00+1.60 17.4242.02" 22.5042.61% 22.33+2.35 3.3341.07 83.58+5.84"
EH/L25 16.834+2.72 18.7541.48" 23.4243.63" 21.1743.13 3.17+1.11 83.334-7.83"
WET 17.50+2.02 16.42+1.38° 21.58+43.42° 21.00+3.19 3.7540.97 80.25+6.22"
KK 244 17.631.68 18.2341.39 23.6742.28 22.4042.08 3.65+0.84 85.564-3.68
RS- {H 17.58+1.97 17.461.84 22.7343.14 21.654+2.72 3.4240.96 82.834-6.24

T SR TR TR R R 28 5 i 3 (P<20.05) .

BRI A S o AR (4 SN LG5 A8 255 45 45 40 e o B4 b R
JeHi31[(18.75£0.97) 43 I K F 5 25 [ (18.75£1.48)
A3 1A R AN W L5 G AR 43 38 > 16 43, U HE AR D n 4
i 08 450 b O 15 oK ARG A . A K R O RO i, ok O
JERAG 3 Wk v K 0.77 43, HE A5 43 g g 1 RO e A 31
H9(22.58+£2.11) 5. E#EW FEW B ER AR
[(22.5841.88) 43 JHIJp 4 31[ (22.58+2.11) 4% ] (945 43 fix
e, U Y 28 do IR AR K 4R BE DR A A VR TS 1 i A RTOK
R E R . ¥ IR T b 1) T A5 3 5 ROl e R 31,
JIEA 0 5 Bl IR AT 4335 >3 4, U W 2 U Ak B B BT A
s T VA R I G AT R T L R PR AR A T S b [RDAICK
AH LG R AE B 43 RO AT 43 [0, 3 KA Sy in I
KRBT 3

WAL T IR ORI WAL 5 BH B4 ORI R 1
HNWLTE 53 5 8% B AL PE 4 5L 5 56, 11U T A 5 M 56
PE o PRI TT L R R X B O K AR 1 A O R
i SO AT I, B R T A LA A e, K IR A 0
If EBR M L R R I e XS B L
2000 ) B 5 45 SR — B, TE IURATE 4N 7 T L B4 K B
[ N AR W A Y (R o Sy ST 0 o (i 1
WG 45 BE PR E AT 0B i, T3
R T RAS 43 5 R AT 4 o R B B M O i K
o X AT RE SR ERE PP A A RN Ll B T4, A
2SR,
2.7 FHIEXREHMLE

Pl 3 A 8 Fof st dat oK U 1) Kz 2 T 5 98 T 19 41 A e
T OB R, T LA B KR e I ARSI AL
FRA SRR TR ORORE A8 BB IR, DT B I T L T L AR
BRI QS TR b QUi =) J )

R7T REERESEEFESEXE

Table 7 Correlation between food taste value and sensory

score
=] KREWME WA BRI
BE B 0.822° 0.735° 0.795"
JE M 0.842° 0.898™" 0.848"
TR T 0.419 0.361 0.445

ToOTE 5% K b RO A E 1% K B A G

HARAE 45 R PP R S5 N 245 DR R B 22 R
B 22 AL, 8 W ROR 78 o B #Aash A vp i AR TR AR,
g2 65 TR 31 TS 4 5 i 2 B £ A 04 4
14 0 % DR FL B, Ud B LR T R s Ay 2RI PR ST R
WA, 06 s IR L B 235 4 T B 1 DB 81 2 B o AR TR 7K A T 325
Jie , RO T 45 4 3 %, v Ul v R IO AR R T e A& 3 B
I ALEE R S5 o SRR 18 VT L R AN B AETE KHUR B
SELER LR D RTREM Tk ik B A T e o Ak Sk iR
P, EHEVE RN, SR 2 W O IR B U R A 48 TSR
ZIAVRE 4 B R e, sl S R0 5 2440 . Ha %62 )
FEARARIE TR 5 . WA AR RN TR R R R R
AR WA B, S BORMR MIRAS 22 . ZE R0 T
KA AT A 2 A KR Sl R 7R TR S 4 L IR
SEMTE IR FLIE 2 HR I8 5] R R R
3 &5

A TR R K 28 a Bt N T Sk O R RS R
AR SACKRM L, B OKE A RO E K
0.76 g/100 g, T 5 V& ¥ V- ¥ {H AL 0.85 g/100 g, K7 T ¥ i
SEYIH B 4.27 mg/g, MW B 0.21, KT Ak R BE ST 24906 A%
3.39 °C, [n] 2 {8 F ¥y {8 % 74.5 Pa-s, # i {6 F ¥ {8 %
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Figure 3 Scanning electron microscopy images of rice grains after microwave processing (x500)

145 Pars, ROK B MEAE Lokl K 5 11.58 43, 32 WHRE K T 5 4
b, bR e v i, A 5 Il A 2 ok Btk fn T
Jei R R B A K K Y T R S 34 {5 55 9.77 N, 8 o
I 5 2.28 N, ORIR B WAR ST 21 =5 6.87 43 BCH F 43 i
27355 ERA ORI R AR 5 B B VP43 BOR vh ) ke 31 3%
BRI o FE I I TR R A B0 Ak A R e A R A X Rl
TEIEAS 2540 e IR 2 4 3 0 g FL B &2 HLE I8 50 4
TR AT o ASTR] B OROR AE 283 B L b T B
N 2 5 RE K ORI K T S O i T Ak i A B
3, T LAAE R g S A B R R A 1 O AR AR
TR A TR Y R, BRI AR SR T T A I R
MR A% A AR B (RGO M &, £ & FEMF K. BrE
B Z AR AT DL AR T KA B SR AR ST
o TR Ak B AT S AR O O R 00 2R R R R T 0
THXS%.
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