hOE R R

Journal of Chinese Institute of Food Science and Technology

HHE Holy
2022 49 H

Vol. 22 No. 9
Sep. 202 2

FADIE X 25 9 M 4 A 1 R R T A S R L MRS 2 i
s RE', A4f, =HARE: B A1 FREHT,
(ThRETAFEHHFELHFR HEE 050071
VAR SR ESH A S P RMEHEN B EE 050050
KRR FRETALN EHESTHAEPC TLEERZEMLERT SEE 050035)

3 g

WE AHTHTALEa s g o h e Sivh MR E DA IE IS EARRELL
Al SR Bk AR FREAHEASFN R SRR AR A LSRR ERFEE A
EASEFAHPD05), BESHP b AR RDEMEFA S, 2 AT FER(P005), B A4 A o 0§ WA F
MEAR (P<0.05 ), # 4 o oDy 208 &0 T AL TR ;2505 Fo b 05 40 20 48 3% & 45 IR 4 4 3 MR 329000 1206, R AL AR 304 & 20%
Wb AaE o At fo BoACHE T AL A R IR A 3 S A A R 4 A AR 2890550 b IR 4R 3 F Bt br P B AL 4
A R 1090~200% 1% 0 1L 5 & B 0 5 39%-~30%, A H &S 20%, Lt R R Rin L aE et k
PHRHEEIEEE DR RGN ELESH G510, 15 pum, SR ERERG LA B pRR g LtELEEHA
Wefofbil AL Bk b, @ SO FMLE TUAM T S thdidt tmi & Xtk BT T SHizshohih
B T AR A I R R T St b akab

XEWE A, S dedbsbid; dbie

WEHES  1009-7848(2022)09-0170-08 DOI: 10.16429/.1009-7848.2022.09.018

FA 00 PR 5 G MR A — TR R AR A
0] L ol 28 25 ik i AL e, BT RAERE
gty JEE T LA L Al M A — s B oy, B g g 2
i P R GB AL 5T L Li SR O A B Sk B S
22 oy FGE By ) 0 0 RN R BEEAIE R fk IR TR
Keppler 55208 81 £ 4b B4 Bh F i f £ & i F 6
o Bk A2 A i B DB B B E L Hu SEORE )
ZFPREEATIO AR B, A P T P R R R E
PEE I A% B nY E R o R P, H 3R AR
PUREAG, D% PSR TE R B, DE R 2 AR IR
AEPRGE R M FERR T RS RRPE RORR R A B R
PR R Aty . Sk AT ROR FURR A A PRl 1k
P& ¥ (RDS, Ready digestible starch ) #1148 i 1k 1€ ¥
(SDS, Slowly digestible starch) &% & F W&, S
#i (RS, Resistant starch ) 7 &t b B, Wi 2l 48 hn

WrFE AT . 2021-09-20

BEWMAE . Wby &80 %kl m H (192271290) ; 8 i
T e i T AW o | e N E
# B2 H (CARS-06-13.5-A29); £ # FE 1
S AR M TR0 E (2011700324
HRE(1970—) 5 P

HEH Femail; zhangaixial977@126.com
AEFEE E-mail . linjingke79@163.com

£ E 4T
WEER .

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

T £ 5 8 S T RE T &

AW FE R RN . Ak A OK S R AT Ak
B, OERIEAE P AL PR AL b By Sk A Er i T
FEEERIE R I AR PE R RE w8 e FE A B
A fh R e i et , ARG A b
A, MUEAWR AT, BRIRETE e
a SR SR FEAEIREEFES
At P BIF o O T JSRE A T TR i A
e

1 #HHERE
1.1 #HE5iEE
.11 BEp R M EXR, TN k(HER
39) , Wb AAEE B A TSR,

VER WA -t RO
10 000) ,Sigma 47 B 25 7 5 70 A % B |, b 5t f
b A W AR PR 2y Wl 3-5 Sk B, L
By BAL S 45 AR AT B 25 ) 5 Tris , & A B8, Amresco 43
v s HC1 KCL , Z, Wi $5 \NaOH , [= 24 82 [ {k 2 i
HRL A,
1.1.2 {485k  SP-752 R4 47T W4 3 5k
EEiE, b Rhlee s AR A E ; il RVA-

http://www.cnki.nel



#2228 ol

AL 3P A 5 Ak B BT R ST A 4R O Ak bk 8 B d 171

Temaster ‘i 58 (0, W B B Rh 22 (U8R A BRLZS
] ; TMS=PRO JE# 1, F[E FTC 2 7] ; FW80 & 5
MR, s NS EamReA,;
AG285 T 4387 A HEE - R 2088 (i A
Bt 25 5] ; DH6000 IT % ey Biuher 5 15 704, R s My
FEAL AR AT PR 2 6] s HM3SR+Centrifuge 15 20 £ i 5
LaHL, FEER R R B A R [, S-4800 B4l
TR, Hardhd .
1.2 WBEAHZE
1.2.1 R & Sk dgaE | DKRAE
KAy 1S FH S B HL B B, 4Bt 100 B,

FETTAL B e B DR BN R Bl o
ZEH LK K78 20 min, HIEBWIL, A AK TG
wHL

A b J . e M D A K A K A A
FEH 155 CHEE 30 min, {1 5E B 1k TG HE
SOARBHIEE,
122 JEERI MedE /DR R TE A PR IR
FHI B 2219, H] 0.29%09 NaOH i 12 h, T2
UL TEHE4E ] 02919 NaOH IS PEiE, | 5k,
W EEE e, KB R LG (3 000 /10 min),
B 3 W, AT B R TE B LS
1.2.3 KadsaeE HiETRE . 2HEHD
A& R EY GB 5009.3-20167,
1.24  HibFREE  (FRRERENZE (&
P HE e P B R O00E BLST 6101-2002 17
WS SRR KB R B HCRE & 35 g,
VAR S B 2.5 g,
1.2.5  RERcE KL I BUMUE A M 55 80
B2 Bl 34 ) 5 2 ) L — SR G O i | KGR
F0 ACHE £ B 2 B % Anstase SFALE L

; _ B I K RS R B b
= N

_UlE A R
m;kﬁﬁﬁ(%}-—#ﬁJﬁE %100

A e HE F B (% )= L?éﬁﬁfgﬁﬁﬁ %100
126 EHEENE LBEHMSEMNEESSY (0
it T E B B Y0 SE JGB 5009.9-2016!" 1 £ -
o il A i
1.2.7 ek RSN ErEN 5 SR E A RDS
SDS 1 RS 7 Gt 5z e i 3 @9 (R Sh Ak bE . &% 1s-

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

abel S¢Sy ik, HEBGFREL 0.1 g # i T 00
R 2 EEEEE R, LA 5 mL HCI-KC1 28 b it
(pH=1.5), WIEIRA G MA 02 mL B & A BE
i, A 5 mL HCI-KCI 25 npif 40 “CF i i 4%
£ 1h, WA 10 mL Tris— 4 8 28 o (pH=6.4)
01 mL a-TERFHER, E% 25mL,37 CHE
WA EE A BITE 0,200,120 min HC 1 mL A f# ik, ik
K S min i RIS HESR . MA 3mL 28
Hh 2 R (pH=4.8) , A 0.1 mL 38 1 45 05 17 B
FEWE L EZF 5 mb, 045 pm WFLIERGIEE . 1 mL
IS AT AR Y, AR A b T
wEE A, FEEE YA H RDS.SDS RS &
B MR SERNEE R0 09,

RDS(% )=(Gx—G,)x0.9x100

SDS(% )=( 6 13~6x)x0.9x100

RS(% )=TS-RDS-SDS

PGS TP AR R i g Ga—20
min B 4 B B g5 G a——120 min B 5 %5 8 5
g TS— S ER SR e
1.2.8  PERYHURIE S0 % 3 A 4 B 4R R
E R AL A AR A HE AT W E L G BEE Y — E T
Mo BT S5 4 & WU S b, TE LA AT Rk
Frms 4z b B, bn AL FE O 5.0 kV, UK A8 R
1 000 fiETT WEE
1.3 #HipqrmE

B AT 0% Bl o 3 IR X (L, A SPSS
22.0 1 Excel 2019 3580 % 8ol it st 4,
BEHERKFR P<005. WEFEERH
Graphpad $0{f .

2 BER5SHH
21 #HaEdSwHREESERER
SR T MEAE N . AR R K 280 A R
IERiE L R R Rt Tt AT (1 o D I et
LR, S Ak TR AL b (oF e 7 i o £ iR R
B ERAL (P<0.05), Bl 4 H B EFHE (P<0.05) , 1%
HE AT — e T, DEUA IR Ab 7 f5 ke 22 7 T 5 4
fb, [l 758 By [l 2 2 qb | i HE 7 OB A P 2 o 1Y)
AR AL TR R K Ak A M Ak BN K A A0
il B A [ A {H 2 25 TR (P<0.05), 0 B # 4k
HUS A Ay A B AL, R 7 5 b4 24k 8K

http://www.cnki.nel



172 b B

i %

2022 fE5 9

A TR IR b R T KR T IR B TR (P
0.05) , [ 4= {1 F0 1 f {1 b 35 R AIE (P<0.05) , {5 26
BEA — 2 A%, RO P 1 S OB A B WAk R
Sy el A Ak I R DE R R A R L AL AR 3
o 25 B b HC A (04 % RIS (P<0.05 ), i3 BE
By A ER S PR O . Ma SEUE N 3 il Ay el AR
DAk B O B0 A e 0 B R OB Tk IR T
1 iy B B 4l S PR AL, 1 EL B A, 0 s
BF 3 /A2 83 eho i AR T B f01) 69 20k B0 oy | 2
PRk P AT LB D oK M RO B, R E PR ER Sk

Fo R R R S Y i R, L Ak Y DB R EE R
110 °C B E 2 15 min B, TR & k0 80 i 18 Sk 4k I
Fe b, T B SR 5T S B R A e £ et A 4k 1S A
fiFp {0 A A, A Ak A W) A R (T PR
Bk 88 T B, & Enlw,
UM b 1 A — 5 R B L AT A 0 0 R Tk R
P, E TG A R A — s, R A
T 455 ST R — 0 IR R P o o L IE ST A —
EfR SR,

1 HHRELEEERENER(n=3, xs)

Table 1 The gelatinization property resulls of grain flowrs (n=3, xxs)

4§ 5 o A B iR BT AR R feP B B AL P £ fi/cP
& b I 91.25 £ 0.07" 2 543.00 £ 69.30" 1 043.00 = 15.56° 242200+ 118.79"
ke 88.03 = 0.04° 320550 £3.54" 1 053.50 = 6.36" 4 13950 = 4313
B L 7T 90.53 = 0.04" 2 640.00 = 1.41% 857.00 £ 9.90" 3 711.50 £ 260.92°
o A Aoabw 7543 + 0.60" 2 570.50 £ 17.68" 129200 £ 25.46" 1 270.00 + 2.83"
B 76.98 + 0.60" 3670.00 + 424" 1 552.50 £ 20.51° 2 060,50 + 37 .48
ok o 79.08 + 0.11* 166550+ 2,12 158.00 = 7.07 170550 £ 0.71"
B 8 F A 75.82 + 0.06 2 295.67 + 22.05° 841.67 = 2843 3605.00 £ 28.93¢
EE N L 78.52 + 042" 225267 £ 28.75 20567 = 15.95° 3072.00 = 67.76"
bk e L 32 8260 + (.48 1 B02.00 + 38.35" 335.33 + 2R.54" 2 868.33 £ 97.85
L EPHE-PIARR P RR SRR F (P005), TR
22 HAEIIEWIHIALI L = un_
T A A LI 9 R by
Ml o460 T 0, 25 VA TR 0 B8 K
T 320, Wik b B O BE RGBS TR T 129% ol N meN pER
PUb A B E IR R IR (P<0.05), K “:4MEN NEN HEX
R U A R RE SR 9 0 “ZINEN NEN HEX
R 1 4 T4 R 5 ALK 2 T 0 “JHEN HEN HEN
R, ] A T 1 S B B AR T A 1 IHEN MEN MEN
B O 524 0% A B 4 B 4 7 e

flzmaiel, 2% 95 b 2 GRS A B IS A R A E K
B R S B A AR L Jacohs" U PR 1L FE TE BT K
o E L R VE B AT AL T A5 L B
HEFA R W S PR IRIE 5T A IR R A ) LA A T
0082 S f1 5 T, — Pl B A R i A s L 18 Sk R
RS = 8 T e o -8 WA o8 i
N e 34 K T A 109 B A B B B T LA R B
SR PR A T AR AT A A 15 A Ak B
S A 0 B e B B e A A, BT AR B

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

Grain flours
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Fig.1 The swelling power results of grain flours
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Effect of Heat Treatment on Physicochemical Properties of Grain Flours
and in Vitro Digestibility of Grain Starch

Sheng (hnghai',  Long Jinli', Li Pengliang®, Zhao Wei'. Zhang Aixia®, Lin Jingke®™
('College of Bioscience and Bioengineering, Hebei University of Economies and Business , Shifiozhuang 050071 )
Unstitue of Biotechnology and Food Science , Hebel Academy of Agriculture and Forestry Sciences
Shijtazhuang 050050)
Clnstitute of Millet Crops, Hebei Academy of Agriculture and Forestry Sciences , National Foxtad Millet Improvement
Center, Minor Cereal Crops Laboratory of Hebei Provinee , Shifiachuang 050035)

Abstract It was studied the physicochemical properties of pre—heating treatment grain flours and in-vitro digestibility of
grain starch. By analyvzing the gelatinization property, swelling power, water absorption and starch composition of oat,
foxtail millet and com flours were heated by steam and baking. Results showed that; Heat treatment caused a significant
decrease in the gelatinization temperature of oat flour and a significant increase of millet and comn flour (P<0.05). Heat
treatment caused a significant inerease in the setback of oat and millet flour and a significant decrease of com Mour (P<
0.05). Heat treatment significantly decreased the peak viscosity and breakdown of corn flour (P<0.05). Different heat
treatments had different trends in the effects of peak viscosity and breakdown of oat and millet flour, The swelling power
of oat flour, when heated by steam and baking, decreased by 32% and 129%, respectively, and the water absorption in-
dex increased by more than 20%. But heat treatment made millet and com flour change less. Heat treatment reduced the
water solubility index of three kinds of cereal flour by 28% 1w 55%. The fast—digestible starch was decreased by 10% 10
20%, but the slow-digestible starch was increased by 3% to 309, and the resistant starch was increased about 20%.
The oat starch composition was most affected by heat teatment. The particle diameters of oat, millet and com starch
were about 5, 10 and 15 pm respectively. After heat treatment, the starch of oat, millet and comm were agglomerated
amd bonded, especially val starch. The physical and chemical properties of grain flours were affected by appropriate pre—
heat treatment, then improved the processing properties. The starch composition was changed by heat treatment, reduced
digestibility, and improved the functional properties.

Keywords heat treatment; grain flour; physicochemical properties; digestion properties
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