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Table 1 Sensory evaluation standard

i35 A7 G P
27k (20 ) RARA AL IRAT 18~20
KpA A —# 15~17
E SR N4 12~14
FRAR A A A2k 7~12
RARA ok 0~6
&% (10 %) REME B R, RFT 8~10
F@mMEmE, REFERE 4~7
ABRETHAL AFERMELH, L BmLLF 0~3
SRIL(10 %) REGHEABEALG ABENEERDHE 8~10
REGHRBEARY Y R ERI SN EELHE 4~7
REBERBERH Y KB IERTR 0~3
i (30 5) G RARE P R R R T 23~30
A G B AR R R A AE M R K R AT 17~22
£ AR R BT R kA 0~16
=k (25 ) oEL B AT AR AT 09 i A e ik 22~25
H o B AR R 80 A A d ek 18~21
L B R R Aok 2 R Rk 16~17
Lo B KR A vk 2 A Sk 0~15
AR HL (S H) Bk, ARV T AR E 4~5
SE W BERRMbus £ wk AT 2-3
ML FERRIE E A AL 0~1

REJE th TROR R E A S B, IRk, &
A5 -5 9 o R P8 R A 2 IR o 5 A5 0L IR K
T2 B, T BOMI AL BE AR, DRIk, O T R R AR AR Y

A B RIS AR KA B £ il o, X 2 AT
T A Ak 2

R2 BRERGRNMBENEFRERMERZEMULE

Table 2 The nutritional composition and direct cooking gelatinization of black rice, coix seed, sorghum and oats

Ha ABRRAMIE% k1% &G 1% s B 1% % 445 /%
2k 91.44 = 0.28* 13.93£0.04°  9.46+0.07'  2.53:003' 7875144 1743 +0.19°
EA 82.54 = 0.51" 11.39£0.02°  12.82+030"  3.35x0.02°  57.89:0.75  9.64 x0.06'
SRS 81.02 + 0.24° 11.64£0.18 1045008  3.12:0.03  69.84+121"  22.74x0.01"
#E 84.34 x 1.12" 1122£0.11° 1381019  7.13+0.04°  59.16+0.57°  28.40=0.02*
V1B 1R RN 5 B R 22 5 8 (P<0.05)
2.2 ZEABEX FARM L EH 00 BRI AR T E R FURL W A N M 32 BRI 7 AH [+
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ZA AR R X 4 FhAK AR AL E 04T e, AROK
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WX E] T 87.54%, Ui 4 Ff 2% rf K B ) 2
o X —852R 5 2 a2

B BUMIAL R B 28RS JORIR G 28805, E
FOMIMEEE . AR 1b AT LA Y ORI A Ak PR i 1
4 FhZ M AW L o PROK 28 5 min BUMIALAL #ES
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Fig.1 Effects of different cooking time on gelatinization degree of black rice, coix seed, sorghum

and oat before (a) and after (b) recooking
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Fig.2 Effects of different cooking time on L* value (a), @ value (b) and b" value (c¢) of black rice,

coix seed, sorghum and oat after recooking
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TR A Ak B, SRR K T B R A ) B EE )
FEAR T 41.20%,41.80%,25.49% %1 21.10% ., AT,
FROR M R PR AR, BEOK SRR A2 6 35 10
T SEEE R 2 P 2 R M R i £ P i S ) 2 A
R HHOCHFFE R WY KA A B B2 B /N R TR
T FH A O TUORM A Ak R R K e S A
AR RE B8 [ AEC, 6 PRSI, 32 8 1 A RROR R B ]
AT, SR, PR OK 28 5 UMY A b B 286 36 M AR
X A AE S RORAS B B RE A OC . BRI SEPIRIE TS A
B A 4 FROKR RS A M SRR R B
HH R ] 4 AR 3

B 5 7% I TH) 0 85 0, 4 b R A 550 A R
SRR S B e S R AR R EOR UK
o S FIFHE A2 7E 25 min B OB Ak AL 38U | 531 2 S

T 6.25%,8.70% ,6.06% 1 5.88% , WK
LWL AL B | S G AR A B3 (P>0.05) , iX
A B2 BT R K v 8 B BRI UE R AR 2R R D
BAEMEAER E R T R PR ES R Z R
FOREMNEBEARN ), BESERNEKES
KB 23 25 min (BRI AL AL B, EOK EOK AR
FIFHEAZ W REIRME IR, 3K — 25 3R W 108 fk Ak
BEAT L R 4 Fh 2R 0 K P

JARELVEE £ A, 25 min () 5O Ak &b B 4 75
FEOK T FHE A2 1 RELIRR P B AIK T 35.31% 11 3.30% , &
KT e S 4 MELIE P 284 0 T 46.65% 11 38.92% , B K
FER BORIAE BE R, T by UK 7 78 A R b FE 40
WK B K, 5 BRI I B X 5 1 25 SR A
— 3, MM RIR KR Z R SR K TR AR W RE T, 46
i 25 min B9 FUB A0 AL R SRR R OK R BE 1 IR
A BIREAR T 20.83% ,27.78% il 21.05% , 1
F 01 PERE TN T 24.32%, e h AR 11 R IE
0 i 4 v, FL AT A2 M %) A% Ak 1T BB 50 R R K A
ESVNiE=R e S S

BRI T 2.94% ,88.89% ,73.68%F1 15.56% , il B 1k

K3 FTRZEEHBENER BX SRMHEZEZRTRAHFERZNE

Table 3 Effects of different cooking time on texture properties of black rice, coix seed, sorghum and oat after recooking

H o Z‘Tﬁ % ) g Fh A 3 RN ik 3 A H
A 18] /min

Z K 0 1134443 +607.30° -4.16+0.18"  0.34+0.02" 0.32+0.01" 1216.49 = 125.39* 0.24 +0.02"
10 8704.44 + 316.41" -8.73+0.99c  0.45+0.02* 0.36+0.01* 1389.98 + 77.04* 0.24 +0.02"
15 7 830.53 £ 51.13¢ -12.01 £0.97" 042 +0.02* 0.35+0.03* 1153.24 £44.78" 0.21 £ 0.01°
20 6998.72 + 102.17¢ -21.63 £0.86* 0.37+0.02"> 0.34+0.01* 886.95+52.59° 0.19+0.01°
25 6 670.08 + 64.70¢ -2327+1.16*  0.35+0.02" 0.34+0.01* 786.89.12 + 62.13° 0.19 + 0.01°

p 0 15 093.00 + 79.04* 7.14 +0.16° 0.18 £0.01' 0.23+0.01*  608.73 £35.90' 0.18 £ 0.01*
10 13 768.20 + 143.04" 9.40 +0.57¢ 0.25+£0.01° 0.25+0.02* 85197 £+66.81°  0.32+0.01*
15 12 357.19 + 163.81°¢ 11.67 043 0.34+0.02"> 0.24 +0.02* 1015.65 +55.95* 0.33 +0.02°
20 11 642.90 + 118.86¢ 18.74 +1.10>  0.39+0.01* 0.24+0.01* 1104.31 £39.70*  0.22 +0.01"
25 8 784.04 + 70.07° 2594 +0.77* 034 +0.06® 0.25+0.01° 892.73 +139.35> 0.13+0.01°

& 0 13 074.43 + 107.45* 5.16 +0.82¢ 0.38 +0.01" 0.33+0.01> 1615.42 +67.62° 0.19 +0.01¢
10 11 877.77 + 133.30 10.06 +0.84° 043 +£0.04" 0.39+0.01* 1956.88 +213.13" 0.23 +0.03"
15 11 830.53 +51.13" 17.34 £0.51"  0.69+£0.01* 0.39+0.01* 3174.32 +253.34* 0.23 +0.01*
20 9 879.07 + 143.06° 25.50 £ 1.20*  0.66 = 0.05* 0.34 +0.02" 2174.64 +253.34> 0.18 £0.01"
25 9742.14 + 87.87¢ 26.45 +1.04*  0.66 +0.03* 0.35+0.02" 2244.14 £ 68.57° 0.15 +0.01°

& 0 17 161.47 + 116.49" ND 0.45+0.01> 0.51 £0.02" 3938.39 +200.57* 0.37 +0.01°
10 17 668.20 + 50.69° 1.91 £ 0.96° 0.41 +0.01° 0.53+0.01> 3868.12+72.92" 0.37 +0.01°
15 16 263.86 + 21.92¢ 2.14 +0.22" 0.51 +£0.02* 0.53+0.01> 4396.80 +268.81* 0.32 + 0.02¢
20 15577.23 + 114.52¢ 2.53 +0.53% 0.53+0.02° 0.56+0.01° 4624.30 + 138.42" 0.42 +0.01"
25 13 540.37 £ 99.23¢ 2.78 +0.27* 0.52+0.01° 0.54 +0.02> 3808.45 + 183.48" 0.46 +0.01°

TE :ND 7R ARAG H 3 % T AH AR b 2L T] — 30 B8l s 9 S ) /N5 5 B30 28 57 1B 35 (P<0.05) .
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B[R] 4 38 i, REOK (4 € A8 25 38 LRSS I, oK
) € 3 PF 43 £E 25 min A9 T Ak Ak B8 S FEAG T
19.90% , 3% 5 &1 2 145 F A0 — 25, POk 1k Ak 2RI
TR R AR5 K S KBS DM N
K 1 3E 1P 7E ORI Ak A BE 20 min B 35 21 % K AE
WM BB VAN 9 5 0 B e o DRLU ) BROK 9 B AR TR
b 554 R 7578, 20 min, 5 oK A H M B HORTR],
ORI PE DY 43 Bl 7 7% 28 B[] 6 38 1 5
285 25 min B TR AL AL R 85K A58 11 MR 43 1
T 229.05%. 4543 3 AT LA H IOk Ak i

i R AR REOK B BEE B 418 1 OK ) B P A S
FRERBIE PP 0, OKAE 25 min (4 TI0H
PCAE BRI FER T | Ve VR R E PR B 23
KB, R, BRI R AE UM 260 28 K
25 min, 5 RAKHIE MRS R, B 7% 38 0 1)
AR, e SR A TP O3 ST IS B A A
I 1E] 2 20 min I, 5 5 ) sdE HAPETP A0 e o I
el SR B ORI R DT 20t K B e KA, SR T, Bt
ZR A TR A 2 — 25 B, e S A O AR IR, SR
2, FEURE R B R I, R A R
Ak £ 0F R 7878 20 min, MEAZ (38 DR R3S
ROKAATR] Bl 78 0 8] B 3800, e (9 3 101 1 34
N, A R F AR 23 £ TOBI AL AR B 25 min 1 57
o WWEURCE P Y e SR e T LUR B, e 19X
WR LR V& TR M RIS A S 20 A IO A Ak PR
25 min Bk B B o PRI, g6 A ) e A O AL %
F ]9 %53 25 min,

R4 TEXEFHEXNBR BEX . SRWREZERFRETNNZME

Table 4 Effects of different cooking time on sensory evaluation of black rice, coix seed, sorghum and oat

after recooking

5 Aﬁﬁ Aok & F S =g ik AARR M B
B 18] /min

Zk 0 17.54 =+ 1.37° 8.54 = 0.66° 8.25+0.55* 16.33 + 1.38' 21.55 + 1.31° 1.52 + 1.05° 73.57 = 2.46"
10 17.06 = 0.82* 7.34 + 0.51" 7.82 + 1.02* 19.56 = 1.43° 19.32 + 1.07* 1.82 + 0.54* 72.58 = 0.67"
15 17.56 = 1.39* 7.05 + 0.82* 8.06 + 0.80° 20.10 + 0.45" 20.82 + 1.05* 1.80 + 0.57° 75.03 + 2.62°
20 17.34 + 1.05* 853 +0.62° 8.57 +0.67* 22.11 « 1.11* 21.83 = 1.34* 3.07 = 1.22* 81.45 + 5.04"
25 17.07 £ 0.84* 6.84 + 1.04" 8.52 + 0.60° 21.65 = 0.65" 20.16 + 0.83* 3.33 + 1.03* 77.06 + 3.63"

R 0 12.87 £ 1.06° 731 £ 1.01* 833 +0.51* 7.16 + 1.32' 10.53 + 1.31° 1.31 + 0.52* 47.02 = 2.26"
10 17.04 £ 0.88% 5.03 =+ 0.82" 7.82 +0.53* 15.38 + 1.05° 19.51 + 1.32" 1.35 + 0.59° 65.84 + 2.96°
15 16.85 + 1.33" 581 + 1.06" 7.86 + 0.57* 21.15 = 1.41" 20.82 + 1.07" 1.37 £ 0.52* 73.32 + 1.73"
20 19.54 £ 1.91° 550 £ 0.61" 8.04 + 0.83* 21.85 + 1.32% 21.34 + 1.02* 1.54 + 0.63* 77.53 = 3.17%
25 17.81 = 1.02% 5.04 = 0.88" 7.89 + 1.05° 23.56 + 0.41* 22.33 +0.53* 1.56 + 0.68* 77.81 = 1.71*

& # 0 1533 £0.51" 831+ 1.06° 851 +0.64* 10.50 = 1.10" 15.07 + 0.87° 1.32 + 0.55* 58.84 = 1.32¢
10 16.54 =+ 0.62% 5.04 = 0.81" 836 +0.53* 19.11 + 1.18° 19.51 + 1.38" 1.54 + 0.64* 69.80 =+ 1.03
15 17.03 + 0.81" 5.30 = 0.58" 7.81 + 0.54" 20.57 + 0.47" 20.08 = 0.84" 1.59 + 0.66° 72.07 = 1.64"
20 18.03 = 0.85° 5.85 +0.03" 8.04 + 0.86° 24.26 = 1.05* 21.86 + 0.36* 1.54 + 0.61*° 79.04 + 1.25°
25 16.84 + 1.37" 539 + 1.35" 7.36 + 1.05" 21.66 + 1.18" 20.55 = 1.35" 1.33 £ 0.54* 72.56 = 1.37"

B E 0 12.85 = 1.03> 8.55+0.68" 8.54 +0.65° 13.63 = 1.17" 16.83 + 1.31> 1.37 + 0.55" 61.33 = 1.06"
10 16.51 + 0.65* 835+ 0.53* 7.88 + 0.57* 20.89 +0.59* 20.36 = 1.73* 1.33 + 0.56" 74.87 + 1.31°
15 16.07 = 0.88* 7.83 = 0.55* 8.53 +0.61* 21.96 = 1.27* 20.35 + 1.72* 1.30 + 0.65" 75.55 + 1.75°
20 17.03 £ 0.83* 8.08 = 0.87* 8.35+0.57* 22.88 = 1.06° 20.54 + 1.35* 2.30 + 0.54° 78.75 = 2.27"
25 17.34 + 1.02*  8.01 + 0.84° 831 +0.65" 24.83 + 0.66*° 21.52 = 1.44° 2.34 +0.58" 82.03 + 1.45"

T AR A2 1) — 51 B s B AN Rl /NG 7 B 3R 22 S i 35 (P<0.05)
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Effect of Pre—gelatinization Treatment on the Eating Quality of Multigrain Rice

Ni Ping, Chen Borui, Wang Chao, Shen Qun’
(National Engineering Research Centre for Fruits and Vegetables Processing, National Center of Technology Innovation

Zhu Yiqing, Zhao Qingyu,
(Deep Processing of Highland Barley) in Food Industry, College of Food Science and Nutritional Engineering,
China Agricultural University, Beijing 100083)

Abstract Grains are rich in nutrition and have many functions. It can improve the nutritional value of rice when mixed
with rice. However, the consumption rate of grains is low because of their poor taste and difficulty in cooking. In this
study, black rice, coix seed, sorghum and oat were treated by pre—gelatinization technology, and the eating quality of
the multigrain rice was evaluated by chroma meter, texture analyzer, sensory evaluation and preference score. The results
showed that the black rice could be cooked with rice after pre—gelatinization for 5 min, while coix seed, sorghum and
oat could be cooked with rice after pre—gelatinization for 10 min. The pre—gelatinization treatment had a great effect on
the color of black rice and sorghum, and the " and b" value of black rice decreased by 33.02% and 11.76%, and the
a’ and b" value of sorghum decreased by 41.38% and 14.40%. After pre—gelatinization for 25 min, the hardness of black

rice, coix seed, sorghum and oat decreased, while the springiness and cohesiveness of black rice, coix seed, sorghum



124 SRS TN S e 2023 4E55 12 44

and oat increased. The palatability of black rice and sorghum increased by 35.39% and 131.04% after 20 min of pre—
gelatinization, and the palatability of coix seed and oat increased by 229.05% and 82.17% after 25 min of pre—gela-
tinization. When the proportions of black rice, coix seed, sorghum and oat with rice were 30%, 20%, 20% and 20%,
the preference score of multigrain rice was the highest, which were 15, 14, 14 and 15 points respectively. Hot air dry-
ing and vacuum packing could effectively delay the increase of fatty acid value and peroxide value of multigrain rice
during storage. The quality of multigrain rice met the requirements after 40 d storage at room temperature.

Keywords pre—gelatinization treatment; multigrain rice; eating quality; storage



