44

FOOD& MACHINERY

DOI:10.13652/j.issn.1003-5788.2021.09.007

EIHBEOM BE 2398 1 221 F9 A | RS

A RERHE RS HENER
T L 45 14 Y B 0

Effect of heat treatment on the structure and physicochemical properties

of the whole barley powder of different varieties
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Abstract : Objective: This study contributed to improving the pro-
cessing characteristics of highland barley flour. Methods: Using
superheated steam, infrared and microwave baking to treat three
different kinds of barley, i. e., kunlun 15, Dulihuang and kunlun
20 and then their influence on the structure of the barley powder
was determined by scanning electron microscopy. X-ray diffrac-
tion, thermal analysis and Fourier transform infrared spectrum
scanning. The changes of basic nutrients, color difference, water
holding power, oil holding force, reclining Angle, sliding Angle,
expansion force, bulk density, vibrating density and
gelatinization characteristics were compared with before and after
treatment. Results: After heat treatment, the contents of crude
protein, crude fat, crude fiber and ash increased, while the con-
tents of total starch decreased significantly (P<Z0.05). The three
kinds of heat-treatments could change the morphological group
structure of the whole barley powder, without significantly
change to the functional group structure of the whole barley pow-
der. The swelling force, bulk density, vibration density, water
holding capacity and gelatinization temperature of highland barley

powder increased significantly (P<C0.05), while its oil retention
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and whiteness decreased. Superheated steam treatment increased
the viscosity value., regression value and disintegration value
(P<20.05), while microwave baking and far infrared baking de-
crease them. Conclusion: Heat treatment can improve the pro-
cessing characteristics of highland barley flour, but slight differ-
ences were found among the different varieties. Superheated
steam treatment is more suitable for improving the processing
characteristics of highland barley flour.

Keywords: superheated steam; far infrared; microwave; highland

barley; microstructure

ﬁfﬁﬁ’%ﬁ%kzﬂ%sz%ﬁl;iﬁ%l%ﬁﬁuiﬁﬂﬁ*ﬂ??ﬁ
Pz— HERFEHH BA =R GEER &

N o 1 1) = AN i D T = 1 i SRS Bffﬁlﬁ‘é
Wl LA B (L B T A R ﬁmﬁféﬁ&ﬁ#tn‘n
BEE TR o (E T BRI A . B JR W
OrATE T BRONZ S5 40 Fh Bz B R 2F b W BE ) Sh )2 & 1‘@17‘%
155 BROFERL P9 388 e 52 450 003 ) () It 5 1 55 RRORE X LA
WHEE Jin L.

UTAF R, P B Ty SR Tz N T A% Bl A A ) JRORE
L BT BB R AT AR R I A A B A B
TR AR R LT 21 (Y o AR Tl FE AT LR R A B i
TR 5 3k 3 22 A0 R BT At g A 3T /DN 2 B A
L= )| g RGO RIS S LR S B AN e v T A
T IR R IR OUL 45 g 5 A 1 52 450 R B3 E 11 ARl i B
Ak R A% 5 o TG A5 4 B SO R A IR [R] B g TR Y 06 (L
BEANE AR . B IRBT ST SR W1 H A BE HOR BE 65 — E AR
R A W I R

#LL}EAXT%F%IEH:I% A E R R R AR
Aok P05 R B P AR B2 W T R = R SRR A 5T R
A B XS AN (5] iy ol 7 R IR B0 A AR AR RO 45 R
U B 52 i) R AL ARGE . SCEE AT i ARG 3 kL
GERIRE 15 5 G0RD B8 GERD B4 20 5 CR
B0 1 JRURE BT 5T b B8y 30 Gl B4 2695, £ AL 0% L
P MERE ) X 5 BRSOV 45 ¥y B BEAG 7 1 B 52 L LU i
BR300 I AP O 75 B ™ b T e SR AR Ol

1 MRSk
IR
B 155 R 20 3 ARk B3 7 B 7 164 K MR

2B 5

QW AT BB AR R 4 BT A, KT R RS Al
L TAHRA

R IR U 4N AL B B IR N - 43 AT 4 [ 245 4R AL b A
A PR A 5

I KR LB 5K,
1.2 NE5EE

3o R VR IR K B % 4 . WS-FMDI15 1, VT 95 7 Al K

SEEE ALEMNIRRMEREMEMRIBLHEN N

WP X

& 22 A 1 0 1 - GSOF20CN1L-DG (S0) 1, s 1Ly T3 it
T DX 22 A O P L e A IR D

JELT AR E e A s CK-2 B0, ) T 22 ek 4 1 %
A IRAT

231 . WSC-S Hgh &, HA HITACHI 24 ] ;

w O B AR T WA B TSMe6610 A,
HITACHI /A ;

fi Ll A 6 21 4 ok % 3 45 - Nicolet6700 #, 3 &
Thermo Fisher Scientific 2\ ] ;

X SRR . D/MAX2500X B, Fif 2 i g fk /A 7 5

[l 25 34 BT AL STA 449 F3 7, 74 [ fiif 3t 13 25 1 1
HIRATHE .
1.3 R HE
1.3.1 FESRALI K — o T 0 T BRORE L B AL B F K 43
T 2065 IR LT 3 Fh AL B O S AT AL B R A =
R JE A

(1) 3 PR U BRFFRL 300 g, A3 $ 2R YR B B 2K
P L2 X B R AT R AT AL B . AR FEIE E 190 °C . Ab BB
[G] 70 s,

(2) JELLAMERE B BRAF AL 100 g P-4 T AL |
LRk 150 CHEEE 40 min,

(3) T Mk 45 . BUTE BRFF AL 100 g P4l T B 3 4% 1L
i, S B R 800 W R AR F 150 s,
1.3.2 FHRRAME IR R E

@D) 7J<ﬁj\ %M GB 5009.3—2010,

2) g : 28 GB/T 5009.6—2003,

(3 ,a%@z%z@ .2 18 GB 5009.88—2014,

(4) K4y :Z 1 GB 5009.4—2010,

(5) MIEH R TOTAL STARCH % & .

H A

(6) MLE M :Z M GB 5009.5—2016,
1.3.3 R4 R I €0 B A0 45 4 AL

(1) (8B SR FE A0 22 11 HEAT A6 0L [R] — B 5 DU e 3 1K
BOPH1H .

(2) ¥ BRUE S WL 2 BSCHRE6 1R 78 e 3h . 1
EEHERKE RS E TS L, TS BN
Y s N R RN A Uk S eSS IR (R
A 15 kV,

(3) AT HT - MERIFRI 3 mg FF 5 6 mg 28 KT
BRI b 5 . SR T 28 % 47 ARG I E A
MR 2 M BT R AE 78 N 19 250 T AT IR 50 T il R
10 °C/min, M E G 22~200 CL8,

€Y) @i”f&*?ﬁ&ﬁﬁl‘)‘ﬁ%ﬁﬁ:Z‘ﬁﬁ%iﬁ%%m £
Ik
(5) X BT - S RE R %5 Mk,

TR0 10 4 A 43 BT

(D KL S5 A SRS TS 1k,

1.3.4

45



46

E#i# 3 FUNDAMENTAL RESEARCH

(2) WK1 S AT RESE Y i 7 i

(3) MERUH B SR SCH B . 5 BRI 45T D i ik

) Rk AR S 8 Li S5 k.

(5) WAL Pk . S BB BT 5 T ik .
14 HiEAE

AR ¥ EE 3 K, Fl H Excel, Origin 2019 Fi1
SPSS 25 B AT B g it B2z I R R R
LSD £ 8 W, M G 73 7 2R F Pearson S AG 36 7
2 IR 550
2.1 MAEBEXNEREMEFHINEZN

B8 1 T4, 7 B4 A A0 BT IS M AR 1 e A M R I
FAERFARE, SWEBE MR —BGHIEN &
¥R LT (P <0.05), A it # 7% R AL B Y 3 R A
R HAR T LL AL T B b . FEH 2 th TAW P
B — &8 43 5 V€ BB FT AR 25 G ) — B8 4 U LA e
B2 1 T S AFTE - 3 B A FRAEAR D7 5 R T 25 5 1 28 355 . A
T (305 43 45 5 1 0 ol 45 6 AR e AT B o i
R W P G 1 R B I R, R T 1138,
T PR B R % T 2.04% , im O AMIE TR T
9.17 % » AT RE S T PAAL B S BOT 43 UE B 43 i Dy B R B
JEREDT S ECE R RS S REAL, SR ER R ETY
SR, RS EYA M BT A e AL B R g,
TKGF R W BT R 2 P AR O AL BRI T
T RREK B I B L o T BR AR A 7R W B o AR R S )
Haai LT SRET MR-, AR TERE
FTH(P<C0.05) , Hod e 21 5 45 1 B T i R s oK BT
T 29.00% T BB ML R G BRI B BT T

BE 2398 [ 2021 £9 A | R@SH

15.53%.8.17% Al RE e i FE i &4 F . - T2 shn il
5 TR e g 7,

2.2 ARENESREMEMRTENZIE

2,21 (EE BRI LG, FRREEM
(L)W T REC(P<C0.05), T B B2 oy 5 #2808 > J 4L
AL = OB K L T RE SR o A 2R VR LI NI AT A L
Aab 3R AV B A0 1 K 43 5 T v 51RO BV S B (E TR
RS L B (o D TN BEAE (07 ) B 3N (P <C0.05),
8T JRE Sy B 2T M > 5 BRI > o b s . BF T
R T I 25 T B W Kk A R R O L 7 R AR B A I
Lo filE 2 2Kk 110 B G AN AT 0 iR . IR B R B[R] 2 35 P AR R
JF H 5 B 0 5 i TR 9 41 A L e R O K, TR ok,
X RRB I o " {E A b ARSI TE R, 3 AR ORI I
LR XF o " HFD b B 19 5% I AE X AR, T AR 2 B T AL 3T
i) L 2 55 5 O R 1 B 1 R RO O B AT A
MEZEAE) T DLE H, 23040 35, 7 B8 22 4K
Tt AL, ULHH 3 A Ak 3 O U R R A B Y £
BN AT R4 LA

2.2.2 BEEFIHE 1 AT, X IR 4 PO A U A
TR A 25 AL 6 B AT EL R T M R A . A HARR
Ab P IS L YR UL 5 B 1 B R B & AR R AR TR L R
HLRE FLAT R [ A2 52 A o™ &2 7T A2 e e B WAL 2R B
JoR AR s A T 5 s T A IS T L — T 40 E R URL 4T A
R BR A 25 4 (A FR B SR A . TT BB P O 21 A L Ab
B AR AR P T R R B T — AR Y &tk
WL T o VE R R 2% T 1 B 1 S 5T 5 U M R B L /N
T3 THURL A 284 R UE 3 JSURLATS AR 45 45 4 58 2, W B J2 e T 1K

®1l ARBNEREMEFRINZW

Table 1 Effects of different stabilization treatments on nutrient composition of whole barley
powder of different varieties %

i It 35 HEA HLAE Wi RLTE B K5y AT 4
papiicE ik 10.2440.54# 2.03+0.02¢ 65.55+1.33% 1.6940.15° 2.67+0.73¢
5o i IR 10.6540.43¢ 2.5540.03% 63.734+1.42¢  2,0240.16° 2.68+0.81¢
S SEAR Y 10.1140.51¢ 2.324+0.01"  57.36+1.12>  1.7440.10" 3.0840.74¢
TR it e 10.9440.33¢ 2.17+0.02¢ 56.5541.23¢ 1.7440.11° 2.83+0.52°
Xf B4R 9.63+0.52¢ 2.09+0.01¢ 64.60+1.32¢ 1.924+0.11° 1.9140.434
N i3 IR 10.2540.43¢ 2.7340.02° 63.6341.12% 1.9340.21° 2.2340.71¢
I SEAR Y 9.8840.51% 2.3740.02>  58.87+1.01>  2.1240.12° 2.8340.82¢
TR it e 9.7940.51% 2.2240.01¢ 55.92+1.31¢ 1.9440.16° 2.38+0.62°
X AL 12.0540.33¢ 2.02+0.22¢ 57.95+1.33¢ 1.9940.21¢ 2.62+0.214
B 20 i PR 12.7240.42¢ 2.75+0.33% 56.8841.02¢  2.0240.24¢ 2.83+0.42¢
SRR Y 12.4140.41¢ 2.3340.22>  54,38+1.42>  2.2340.12° 3.2340.42¢
TR ot e 12.1040.53¢ 2.08+0.22¢ 53.58+1.22¢  2.3540.13° 3.02+0.32°

TR — R R [ A 3 22 R) B OR [ 8 25 5 83 (P <C0.05)
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Table 2 Effects of different stabilization treatments on the total pink degree of highland barley

i i Ab 35 = L~ a* b AE
X R AL 81.66+0.02¢ 0.74+0.04¢ 11.4441.21>  78.3340.07*
5 i PR 67.55+0.019 1.3240.03% 11.94+0.01"  65.73+0.01¢
S I LT AL I 77.1240.01¢ 2.1740.03% 16.5840.01*  71.6740.01°
TR At H 80.3440.01"  0.8940.01¢ 11.494+0.01"  77.2240.01%
Xf B 79.5540.14* —0.1440.03¢ 10.3540.01¢  77.0840.13%
. i PR 66.47+0.01¢  0.64+0.01" 10.64+0.01¢  64.82+0.01¢
AT AL 76.5040.01¢ 1.54+0.01* 15.39+0.01*  71.8740.01°
Tt e 78.26+0.01>  0.1940.02¢ 10.93+0.01"  76.660.017
papicEil 73.5240.01* —0.954£0.01¢ 8.81+0.01¢  72.0740.01%
0o 1 KR 61.804+0.14¢ —0.7840.02¢ 9.5940.01"  60.6140.03¢
meE I AT AL I 68.99+0.02¢ 0.01-£0.02° 12.9040.02*  66.4240.01¢
TRt 1 71.4640.01" —0.1540.02® 9.1140.01¢  70.044-0.01"

T [l — AN A ] A B 22 (8] B OR ) 3R 7R 25 57 B 3 (P <C0.05),
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Figure 1  Electron microscope images of the whole powder
of highland barley after different stabilization

treatments (X1 000)

e HEHE LEE R RL TP ™ AR R W 28 AL S5 M SR B R/ 1Y
INTE R ORI 24 . 45 bt 2T A0 RN ARt 0 1 5 R ek
TE A 5 A8 R AF B8 S L i B PR R AL BT UE R 45 A8 % 4R
JUEE

2.2.3 M R 3 AT, ik IR VR AR M 1
FRA ML BE BTt 3 20 A B R AR T & B 4 8 i
RIREE . B4 15 5 & 2 1K T 5 WAL 08 1
33.61% .4 It 21 Ah 0 A U 5 S WK kS 4 BRI T
39.22 %61 30.07 %6 5 il BL ¢ 28 5k #2938 40 A1 R B 0k
P TSR 3 B T 1.55%,16.08%,1.87% s BB £ 20
52T IR I L1 A AN 0 S AR o B R AR T
13.02%,62.68% . 7.67 % . Kl £k 3 B R A6 48 (9 [ 41K L T

VLAV £ B 75 109 R 2t o DA T 445 6 28 8 1o ) B AU im 1 e
P R R 15 SRS 20 Bl B A 4 A
5 JH R BT R T ok R VR AL B

2.2.4 XSRS w2 Al . g Bk BEE L T B
FAAT SR WA i 8 U] KL 8 R KRR R AR BT AR AR, 20 B
16 15.3°,17.4°,18.1°,20.1°,23.3° (% 1 ~1& 5) kb4 B i 10
T r0de, 52 A BIVE M R RY, 5 SR (26 T4l — 5, Hor,
20 R 17.4°F0 18.1° kb (4 777 S5t 0 i A 3% A9 XL 04, 20. 174k 1Y)
EWER RIS LAY Y. SRERe
A B 285 PR VR AL B 04 106 2 06 4 FITIE 5 g
T2 18 20.1°4b 45 i (I 3) 738 45 3 456, T8 Wi 0 444 3 L 4%
TR, XA RER T BRI K A IR T
S AR ST L 7 R TR BB UK 43 T 5 O E TE R URL 9 L A
T U b 4h i X WRE 45 R A e A L 4 o A5 R T B IR B
FHEY, GmLSME T 5 AT IR AR
Xof HECZH A b I A8 A5 3 BT o U B 325 21 A0 A ok AR 7 RR
ML SR E . S HUE S T DS B 0 3 FiE 4,
A W S e 72 A R AR Bl WL 2% B, T BE A BB T O Bt 0
BEER T ek A SO, Fy 0 21

2.2.5 HHEMARHRLSNGIE A K 3 R.3 700~
3000 cm™ Ab H B H5 5 A T R B T T 00 SR O— H Y
AR 2 = A Y AL RS T RRBIFE 3 400 em G
1R R SO0 5 7E 2 932 em AL M B0 — 1> 55 WU L R S
HE C—H I R R4 R s 3 51 656 cm ' b
— MR B W, y—COOH [y i , 3% B 75 BR 42 8y
thE A B BB ER Y 51 000~1 200 em " Ab XK C—O
BUC 4 Pk 2, Fod 1 160 em ™' b S22 A 4 K M4 4k R
C—O—C M9z I8 s1 049 cm " &b A W e g 2 Hh
MWHC—O—CRIC—OMAIRN I, 2 2R — 4

47



48

EA R FUNDAMENTAL RESEARCH B 239 | 2021 E 9 B | BRSYIW

R3 ALBEWNEREMASTOIM

Table 3 Influence of different stabilization treatments on thermal analysis of total powder of highland barley

i e Qb3 5 = T,/C T,/C T./C AH/(J+ g™
X HE 21 89.3+1.16"> 119.3+1.36" 109.142.47> 1 315.04+5.47"
SR 93.841.29% 125.1+1.36% 110.6+1.58% 1757.04+5.46%

RE 1545
BN Ve 84.7+1.48¢ 112.741.15¢ 101.641.474 799.2+5.244
TR L g 91.741.74% 116,441,170 103.5+2.55¢ 919.645.18¢
xf B8 20 91.541.85% 118.8+£1.68% 110.243.55¢ 1 549.045.66°¢
- o R 92.1+1.59 120.0+1.49% 107.042.69b 1573.04+3.57b
JIE L1 A1 ke 89.04+1.76 119.0-41.38 110.6+1.65¢ 1798.0+ 5,24
WO 93.441.46% 118.4+1.79¢ 107.542.94" 1 578.04+5.06b
X} BE 4 92.041.69% 121.54+1.65® 107.842.475 1812.044.46%
i IR 93.34+1.18% 124.4+1.54% 109.0+3.292 1576.0+5.53¢

R4 208
STRAR, Y e 78.9+1.68° 109.041.96¢ 97.441.36¢ 676.3+3.564
TR Mt ) 92.4+1.47¢ 119.2+1.28" 109.0+2.47¢ 1673.04+5.24"

t To T, T AH 43 5138 TR R BEE (A IR 28 (kW A0 8 5 AR AL 45 [R] — b b A (] b 3 22 J] 2B O[] 3%
R B FH(P<0.05),
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Figure 2 X-ray diffraction pattern and relative crystallinity of highland barley powder after
different stabilization treatments
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Figure 3 Fourier transform infrared spectrum of highland barley powder after different stabilization treatments
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Figure 7 Bulk density and vibrational density of highland barley powder after different stabilization treatments
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Table 4 Effects of different stabilization treatments on total pulverization characteristics of highland barley
i o Ak By 5 VEH R /P AAHEE/ P A fftAE/ P LAHFHEE/ P [l /P AR /°C
Xf B 112942170 961+3.73% 16841.49¢ 1 58744.65"  625.3544.34"  85.2040.57¢
Ba 15 B i IER 1 44343.462 916+1.75° 527+1.55% 2 07545.54* 1 158.67+3.96*  87.4540.34"
SEAR | Y5 307+3.15¢ 208+ 3.85¢ 99+1.58¢ 489+1.79¢  280.90+1.79¢  89.55+0.96*
T it e 573+2.16¢ 399+2.23¢ 17441.555 931+2.55¢  531.034+2.98°  90.10+0.38"
Xof 2 149145.46" 943+1.66° 548+1.77° 1 84344.55"  899.8743.46"  85.2040.76¢
it 7R 2 5594+2.58* 152641.97* 1 033+£4.89° 2 55244.27* 1 025.67+3.76*  80.90+0.56"
B SIRAR /957 316+1.86¢ 2154+1.55¢ 101+1.86¢ 67346.96° 457.67+2.25°  90.00+0.76°
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T ot e 603+3.54¢ 348+1.45¢ 255+1.96¢ 690+1.12¢  341.66+1.69¢  89.60+0.67¢
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