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Abstract: The response surface experiment was used to design and optimize the enzyme-assisted pregelatinization process
of brown rice. The optimum conditions of enzyme-assisted pregelatinization process were obtained through the cooking
time: The enzymatic hydrolysis time was 4 h, the amount of enzyme added was 0.1%, the pregelatinization time was 10 min
and the enzymatic hydrolysis temperature was 39 °C. Gas chromatography-ion migration spectrometry (GC-IMS) was used
to determine the volatile substances of white rice, brown rice and enzyme-assisted pregelatinized brown rice before and
after cooking. 56 kinds of volatile substances were detected in enzymolysis assisted pregelatinized brown rice, including 19
kinds of aldehydes, 8 kinds of ketones, 6 kinds of esters, 12 kinds of alcohols and 11 kinds of other compounds. Forty-four
kinds of volatile substances were detected in the pregelatinized brown rice assisted by enzymatic hydrolysis after cooking,
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including 18 kinds of aldehydes, 8 kinds of ketones, 3 kinds of esters, 11 kinds of alcohols and 4 kinds of other compounds,

and 2-octenal, phenylacetaldehyde, acetophenone, acetoin, gamma-butyralide, pentanoic acid, hexanoic acid, butyric acid

and hexadiene disulfide and other volatile substances disappeared after cooking.Aldehydes, ketones and alcohols showed

the largest changes in the volatile flavor components of brown rice before and after the enzymatic hydrolysis assisted

pregelatinization. The acids in esters and other groups showed the greatest changes in the volatile flavor components of

brown rice before and after cooking assisted by enzymatic hydrolysis.

Key words: enzyme-assisted pregelation; brown rice; process optimization; volatile flavor components; gas

chromatography-ion mobility spectroscopy (GC-IMS)
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Table 1 Factors and levels of Box-Behnken experiment
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Table 4 Analysis of variance (ANOVA) of regression

equations
Vg 3 ST df Y7 Fld Pi
e 88.33 14 6.31 19.58  <0.0001"
A-tfRHT ] 3.07 1 3.07 9.53  0.0080"
B-fif (7R L 1.93 1 1.93 6.01 0.0280"
C-TRUk AL ] 5.48 1 5.48 17.01  0.0010™
D- it EE 1.60 1 1.60 4.96 0.0428"
AB 0.14 1 0.14 0.45 0.5141
AC 4.900E-003 1  4.900E-003 0.015  0.9037
AD 0.30 1 0.30 0.92 0.3533
BC 1.55 1 1.55 481 0.0457"
BD 7.225E-003 1  7.225E-003 0.022  0.8831
CD 0.16 1 0.16 0.50 0.4926
A? 19.71 1 19.71 61.07  <0.0001"
B’ 4134 1 41.34 12831  <0.0001"
c 22.70 1 22.70 70.46  <0.0001"
D’ 30.18 1 30.18 93.68  <0.0001"
B2 451 14 0.32
FAD I 3.08 10 0.31 0.86 0.6157
gtz 1.43 4 0.36
vl 92.84 28
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Fig.2 Response surface plots for the effects of different factors onthe cooking time of brown rice
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Table 5 Volatile substance types and peak strength information of different samples

5 sl CASS ESHE R SBREFE 1R ] (5) TR ] (ms)
[[22S
1 R R AR 100-52-7 958.8 IR | R 434.655 1.467
2 RS Bk 100-52-7 958.8 e U SR 434.655 1.148
3 [Ame N 75-07-0 793.6 HEE 251.16 1.563
4 CLRE LA 75-07-0 7972 HEE 254.085 1253
5 s 98-01-1 958.8 A AR 434.655 1.148
6 Jrditme 3N 110-62-3 698.8 A IKRE 182.325 1.182
7 R A 110-62-3 902.9 A IKRE 356.655 1.331
8 FREZTRAK 124-13-0 1006 HH ARG 516.945 1.821
9 R LN 124-13-0 1006.6 HH ATER 518.115 1.404
10 BRI AR 111-71-7 901.3 KRE 354.705 1.697
11 PR A 111-71-7 7972 KRE 254.085 1.253
12 IE T Rk 124-19-6 1105.5 FHAR L R 729.885 1.943
13 IETRE A 124-19-6 1107.4 A . Ak 733.98 1.475
14 3-HIE TRk 590-86-3 658.3 2RIk 162.435 1.404
15 3-FIE T LA 590-86-3 656.3 PR 161.655 1.172
16 2- I (R ) Ak 2548-87-0 1063.7 LN LS 636.87 1.331
17 R 2-BEAm 18829-55-5 958.8 FH NRIDTR 434.655 1.666
18 JEIE 112-31-2 1209 Rt & 960.96 1.538
19 2 () 2548-87-0 1063.1 HE MR 635.505 1.818
20 K 122-78-1 1043.8 TR 593.775 1253
fir s
21 LT 98-86-2 1057.8 FHAAIR 624 1.187
22 2-3- T 431-03-8 625.1 TH AR 149.955 1.168
23 2-TH - F 4k 78-93-3 5872 AL AT IR 137.475 1.243
24 2- T Hi A 78-93-3 589.6 AL AT IR 138.255 1.057
25 L 67-64-1 504 AT IR 110.76 1.119
26 LR 591-78-6 783.4 R, Bk 242.97 1.188
27 2- P~ F Ak 110-43-0 893 BME 344.955 1.631
28 2- B LA 110-43-0 892.9 BE 344.76 1.261
29 2- 1% 107-87-9 690.4 AL AT IR 177.645 1.12
IS
30 LR TR Rk 141-78-6 614.2 IR 146.25 1.335
31 LR TR 141-78-6 616 IR 146.835 1.093
32 AR TR 108-64-5 831.5 SRR 283.14 1.257
33 LR C R 142-92-7 987.4 B, DS 482.625 1.414
34 y- T AR 96-48-0 919.6 Wi ik 377.91 1.081
35 AR 513-86-0 719.2 EaR 195 1.055
36 N 53535-33-4 977.8 [IEONIL:S NS 465.855 1397
37 O EE R 111-27-3 873.9 SRR 323.895 1.644
38 IEC R LA 111-27-3 877.7 SRR 327.99 1.327
49 E R LA 71-41-0 768.4 TR 231.075 125
40 IESGRE B Ak 71-41-0 766.9 TR 229.905 1.51
41 A AR 3857-25-8 958.9 fip== IS 434.85 1.565
42 SHIEENEN 3857-25-8 961.1 =S 43836 1.254
43 A 2-C - 1-BE 2R 2305-21-7 849.6 R 299.715 1.516
44 2 - 1-BEERLAR 2305-21-7 849.6 B 299.715 1.516
45 2-CUBE 626-93-7 820.7 SRR 273.78 1278
46 JE A 3391-86-4 984.5 B 477.555 1.155

47 2 6169-06-8 948 SRR 418.08 1.443
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5 &Y CASS ZSHE £ SBREEAE {RER 1] (s) TR ] (ms)
Hpk
48 TESERR 3777-69-3 993.7 JAFIR 49413 1253
49 1,8-Ficht ok 470-82-6 1031.4 NS 567.84 1.295
50 PG s 138-86-3 1029.7 s 564.33 1218
51 o-JRM 80-56-8 974.1 AR 459.615 1216
52 1,8-#M 3 “ Rk 470-82-6 1031.4 NS 567.84 1.729
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Fig.3 Major volatile components of aldehydes in cooked and
uncooked samples
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