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Optimization of Moisture Increase Technique for Brown Rice
before Its Germination

QIU Shuo JIA Fuguo HAN Yanlong JIANG Longwei
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Abstract. Moisture adsorption of brown rice is the fundamental reason for kernel cracking, which
restricts the quality and texture of germinated brown rice. Moisture adding technique needs to be further
optimized to reduce cracked kernel percentage of brown rice before germination. The whole moisture
adding interval was divided into 12 intervals of 13.0% ~14.4% ,14.4% ~15.5% ,15.5% ~16.5% ,
16.5% ~17.8% ,17.8% ~19.2% ,19.2% ~20.9% ,20.9% ~22.2% ,22.2% ~23.2% ,23.2% ~
24.3% ,24.3% ~25.6% ,25.6% ~27.3% and 27.3% ~29.0% , and moisture adding procedure was
finished within 1.0 min, 1.5 min,2.0 min,2.5 min,3.0 min,3.5 min,4. 0 min,4.5 min,5. 0 min and
5.5 min respectively. In each interval, cracked kernel additional percentage was found to first decrease
and then increase in range of moisture adding percentage. Mathematical models to describe variation in
cracked kernel additional percentage were established, and derivation to models was applied to determine
the optimal moisture adding rate. Optimal moisture adding rates for brown rice with moisture of 13. 0% ,
14.4% ,15.5% ,16.5% ,17.8% ,19.2% ,20.9% ,22.2% ,23.2% ,24.3% ,25.6% and 27.3% were
0.3212% /min, 0.2851% /min, 0.4338% /min, 0.3299% /min, 0.3485% /min, 0.4382% /min,
0.4993% /min, 0.5494% /min, 0. 6396% /min, 0. 7352% /min, 0. 8735% /min and 0. 8436% /min,
which varied first slowly, then rapidly and finally slowly within the whole moisture adding interval. Based
on above values, the mathematical model to describe moisture adding rate within the whole moisture
adding interval was obtained. Compared with traditional segmented moisture adding technique, optimized
moisture adding technique resulted in decreases of (41.48 +0.15)% and (43.67 £0.26)% in the
cracked kernel additional percentage of non-germinated and germinated brown rice, respectively, while
the germination rate and vy-aminobutyric acid content of germinated brown rice had increases of (6.92 +
0.25)% and (25.03 £0.18)% . The optimized technique featured by continuous varied adding rate
provides a reference method for high quality production of germinated brown rice.

Key words: germinated brown rice; moisture adding rate; cracked kernel additional percentage;

optimized technique; mathematical model
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Tab.1 Design of moisture increase in different moisture intervals
KRS %

S 13.0 ~ 14.4 ~ 155 ~ 16.5 ~ 17.8 ~ 19.2 ~ 20.9 ~ 22.2 ~ 23.2 ~ 24.3 ~ 256 ~ 27.3 ~

14. 4 15.5 16.5 17.8 19.2 20.9 22.2 23.2 24.3 25.6 27.3 29.0

i e/ g 0. 82 0. 65 0. 66 0.80 0. 87 1.07 0. 84 0. 65 0.73 0.87 1.17 1.20
e 6 N I [/ min 4.5 4.0 2.5 4.0 4.0 4.0 2.5 2.0 1.5 2.0 2.0 2.0

BAEMRRRECH R LSRRI R
= A L NP o= S
TR y- 2 TR it 0 2 M LB ST o

1.6 ¥iEshE

K] SigmaPlot 12. 5 2 il #5 X [1] 1) ¢ S0 AL
A PR ST AU 7 5 oR I SPSS 22,0 BEAT X HL i
g4 €/ IR S B T RS 1V e W 3 N S B
BOR 25, B 7 R IO 8

2.1 FRXEAMIREZE

25 D) i A N 3R 2 BT R . S K R iR
B/N(1.0% ) B finYE @ %4 0. 18 ~ 1. 00% /min,
BRI E R K (1. 7% ) W Jn e 3 48K 0. 31 ~
1. 70% /min,

R2 BRXEHMEER

Tab.2 Moisture adding rates in different moisture intervals % /min
P I Bt 18]/ min

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
13.0 ~14. 4 1.40 0.93 0.70 0.56 0.47 0. 40 0.35 0.31 0.28 0.25
14.4 ~15.5 1. 10 0.73 0.55 0.44 0.37 0.31 0.28 0.24 0.22 0.20
15.5~16.5 1. 00 0.67 0.50 0.40 0.33 0.29 0.25 0.22 0.20 0.18
16.5 ~17.8 1.30 0.87 0. 65 0.52 0.43 0.37 0.33 0.29 0.26 0.24
17.8 ~19.2 1. 40 0.93 0.70 0.56 0.47 0. 40 0.35 0.31 0.28 0.25
19.2 ~20.9 1.70 1.13 0.85 0. 68 0.57 0.49 0.43 0.38 0.34 0.31
20.9 ~22.2 1.30 0.87 0. 65 0.52 0.43 0.37 0.33 0.29 0.26 0.24
22.2~23.2 1. 00 0. 67 0.50 0. 40 0.33 0.29 0.25 0.22 0.20 0.18
23.2~24.3 1.10 0.73 0.55 0. 44 0.37 0.31 0.28 0.24 0.22 0.20
24.3 ~25.6 1.30 0.87 0. 65 0.52 0.43 0.37 0.33 0.29 0.26 0.24
25.6 ~27.3 1.70 1.13 0.85 0. 68 0.57 0.49 0.43 0.38 0.34 0.31
27.3~29.0 1.70 1.13 0.85 0. 68 0.57 0. 49 0.43 0.38 0.34 0.31
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Fig. 1 Effect of moisture adding rate on cracked kernel additional percentage in different moisture intervals
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Tab.3 Fitting equation and fitting error for cracked kernel additional percentage

F IR AKX [H] /% M T FRUEAL 1R 25/ % B e E AR P
13.0 ~14. 4 C,=2.2256+542.0119¢ 277 16,196 1M, 0.3925 0.964 0 <0.000 1
14.4 ~15.5 C,=1.1519 +23.634 5¢ >33 16,750 9M, 0.2592 0.9737 <0.000 1
15.5~16.5 C,=0.5180 +16.823 8¢~ '"77Ms 1 7.277 4M, 0.254 1 0. 966 2 <0.000 1
16.5 ~17.8 C,=2.078 0 +243.528 9¢ 2583 15 210 2M, 0.2829 0.965 5 <0.000 1
17.8 ~19.2 C,=2.0959 +125.762 7e """ %M + 4,318 2 M, 0.3300 0.9427 0. 000 1
19.2 ~20.9 C,=2.2956 +88.4549¢ 31815 13 612 1M, 0.3269 0.9429 0. 000 1
20.9 ~22.2 C,= -2.6755+13.3153e 31 17, 535 6M, 0.2428 0.961 4 <0.000 1
22.2~23.2 C,= -2.0554 +10.050 4¢ ~*"7""s + 4. 898 8 M, 0.1536 0.954 3 <0.000 1
23.2 ~24.3 C,=-0.5057 +11.272 3¢ "> 14 037 6M, 0.1705 0.965 3 <0.000 1
24.3~25.6 C,=-0.9165 +14.275 1e "> 824 15336 5M, 0.206 4 0.958 7 <0.000 1
25.6 ~27.3 C,= -4.3133 +21.913 0e 287" +6.970 4M, 0.3345 0.946 6 <0.000 1
27.3~29.0 C,= -2.7104 +23.198 le 2% 416,516 5M, 0.3139 0.959 2 <0.000 1
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Tab.4 Results of verification tests %
TKE %
e ¥ 13.0 ~ 14.4 ~ 155 ~ 16,5 ~ 17.8 ~ 19.2 ~ 20.9 ~ 22.2 ~ 23.2 ~ 243 ~ 256 ~ 27.3 ~
14.4 15.5 16.5 17.8 19.2 20.9 22.2 23.2 24.3 25.6 27.3 29.0
2450 2 T A 5.3369 4.9296 4.2348 4.6946 4.2771 4.2232 3.0551 1.9915 3.3581 5.4890 6.3618 6.6557
43 38 2 S 5.22+ 5.04x 4.17x 4.77+ 4,18+ 4.15+ 3.09x 2.07+ 3.30x 5.62+ 6.26+x 6.74=+

0.04 0.07 0.03

2,16+ 2.05+x 1.39+ 1.34=x

AR X R 22

5.0.06 0.09

2.12
0.08 0.11 0.16 0.06 0.09

0.04 0.08 0.12 0.10 0.07 0.13 0.12

.73+ 0.96+ 273+ 1.64x 213+ 1.55+ 1.22%
0.12 0.05 0.16 0.10 0.03 0.14 0.09

T B MR R I £ ARiEZR " (n=5)

RS BEKERXIE &L INNEE 2R GG EFNE

Tab.5 Optimum moisture increase percentage and predicted cracked kernel additional percentage

in different moisture intervals

KRB %

R 13.0 ~ 144 ~ 155 ~ 165 ~
14.4 15.5 16.5 17.8

17.8 ~

19.2 ~ 209 ~ 222 ~ 23.2 ~ 243 ~ 256 ~ 27.3 ~
20.9 22.2 23.2 24.3 25.6 27.3 29.0

0.3212 0.2851
4.4769 3.9365 3.8262 4.0470

AR E 2/ (% ~min ")
GG R TIE %

0.4338 0.3299 0.3485 0.4382 0.4993 0.5494 0.6396 0.7352 0.8735 0.8436
3.8440 4.1528 3.0551

1.9684 3.1946 4.9997 4.9031 5.2297

B2 WG K A8E K Y B D0 0T 8 3 s 1R 0
A £

Fig.2  Scatter diagram and fitting curve of optimal

moisture increase percentages for brown rice with

different initial moisture contents
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2.4 WX ER ST

XTI A5 R DL 6, Kl oK & 2 HE oK R Ay
LGS B IR i (27.52 0. 17) % F1(34.79 +
0.24) % &A% 240 Ak m % /9 (16.27 +0.23)%
(19.45 £0.05)% , % i Ky (41.48 +0.15)% F
(43.67 £0.26) % . KAFREKEZFRZM y-2 L TR
T (e t) BE g BOmgny (87.96 £0.12) %
F1(26.08 +0.08) mg/(100 g) Jt 2 {1k fin i #)
(93.46 £0.20) % F1(32.60 +0. 14) mg/ (100 g) , 3%
W& (6.92 £0.25)% F1(25.03 0. 18)% , % # 3t
T ARG 285 ) AT 9 B S 1 e A ok R PN U T LT
J& K5y T4 WL & 8 16 /4y T A HL s Akt
it K 5 7K NI L 2H 2R 45 4 5 A 2 5 W oA R G T
PERA DL G AR . B0 30t s R 2L 41 4
ST 2™ E A LY B A B A2 B A o s
M) A 2 28RN y-2 58 T IR & 4 o

®6 XELIHEHER

Tab.6 Results of contracts tests

Xif N 4 TG MBI R/ % RFRAKRGIER/ % KFRERKFR/ % REIFRER y- B TR/ (mg- (100 g) 1)
%45y B 1.2 27.52 £0.17° 34.79 £0.24° 87.96 +0.12° 26.08 0. 08*
et mie T2 16.27 £0. 23" 19.45 +0.05" 93.46 0. 20" 32.60 +0. 14"

T B NSRRI E £ ARUEZ (0 =5) [ —FI R[] F R R 22 57 B3 (P <0.05) .

3 AFig
(1) AT 1 4% 39 7K 3R X Ji) P A oK SR B0 5 5 0
PR AR AR B B, A5 T U Y R AT R
25 TR RO K A 28 R 1) i NI O 56 R IR

TORE KW REECRIF AR T IR AR

(2) 5 i 70 Beoin it T 2040 Lo, 3% 7 00 46 e
TR 2R K BB R AR (43.67 £0.26) % ,
KR y- R FET RS EAR R (6.92£0.25) % Al
(25.03 £0.18) % ,
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