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1.3.8 183k & BRI ik

1) 183k LR RMIE /oK B e 0 e 18 3k
PR R, FR SR 1T 508 Sk 1 HL 2%

2) 1B MERE A R 20 AV AL,
2% GB/T35991-2018 CHLIMA L /N2 Kyt sk
TSR T USRS B OXHR Sk i R A TIE PP Ay . T
A 0% FE 18 3k LSk 2.66 mL/g, P
L 2.66 mL/g M55,
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Table 1 Sensory evaluation standard of steamed bread
A ey A% R
IR 3R 1 20 2.66 ml/g i 4 ;40 0.1 ml/g 4= 1 &
Ko 2k H 15 R 10~15 R @Ak A 28 .5~10 &
SHALTG AR 10 AR A 5~10 55 R AR, A AR 1~5 4
R M 3R 2EH 15 AL mH G 8~15 5 AR ERH 9 :1~T o
5 P 15 LA AR 815 s m AR E R £ 1T &
Fhk 10 L R T RAE T 5~10 45 e R R w KA 1~5 o
Rk Ak 15 BA KA, RFR 815 2 A ok 1~T

3) @Sk BAN I aE KT R SRR S )
FrHLIE A e A) 0 o R B KO i Sk R
18 3 R rpres 5 R GRS o e, IS8 P/
36R 53k, BRAEAL R R I fik & 25T R Au-
to, MR AT 1.0 mm/s, M A3 0.8 mm/s,
A HEE 0.8 mm/s, M IE B 50% , < HL &N 1
5 g
1.3.9 HdEgit ot KR 3 WoEAT, 45
R SPSS 24.0 #A78E ot S 41t , IR AT
R & 7 22 50 1 (P<0.05) , % Origin 8 %% 44
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Fig.1 Effect of addition of highland barley powder on gelatinization characteristic
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55 TPF & e by /) B 1) R RS e bef ] 35 4 25 B
I, 7R 52 Fe by 1T P %) TR 90 1 1 R T 75 1) 446 45 4
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Table 2 Effect of addition of highland barley powder on farinograph properties
o/ R IK E % T A&, B 1] /min #8  BF 17] /min 3540 & [FU
% QF TPF QF TPF QF TPF QF TPF
0 69.7 + 0.23° 69.7 £ 0.23° 18.15 + 0.06" 18.15 = 0.06" 13.98 + 0.23* 13.98 + 0.23" 47 £3.20° 47 +3.20°
10 69.7 £ 0.45° 69.7 £ 0.11° 8.33 £0.03" 9.33 £0.18" 11.45+0.17" 12.17 £ 0.13" 74 + 1.32* 53 + 2.21"
20 72.5 038" 723 £0.30° 7.38 £0.15¢ 8.02 £0.13° 9.15+0.05° 11.7 +£0.12° 91 £3.73° 58 +2.20°
30 75.4 +0.33° 744 £043° 692 +0.08' 7.85+0.07 8.33 +£0.21* 11.45+0.04" 94 + 2.11° 61 + 0.90°
40 78.5 +0.42" 76.7 £ 0.47° 6.63 £ 0.10° 7.35 +0.05° 8.24 £ 0.06 11.27 +0.05¢ 104 + 1.00> 68 + 1.12"
50 81.1 £0.27* 783 £0.51* 6.6 +0.02° 7.17+0.05° 7.27 £0.31° 10.17 £ 0.12° 110 = 4.50* 86 + 2.63"

TE [ — 1 p AN [ 5 B2 BT W25 M 28 57, P<0.05,

2.6 BRI ESE F R4 R

F 3 MU QF 5 TPF J5, AE I H ] 35
SR TN ZiE VA R S SR bk s SO A i ES T}
S HEf Y B TR, R 2% LTHET
R ka3 hr A OB AR B2 A 5] 4 45 min 1 90

min B & A M AE 135 min G LT E
W, RROR TR, U8 I BRob o A T AT A9 A ot o
A o 7o g 2 TR AR S 72 T DAL 37 A B i A 1) 7, e
A LA R I AR RE R, QF 5 TPF 73 i i 15 i
o 745 T AT A 2t I T it T A T T ) S G, K

F3 BWRHEME X E F R
Table 3 Effect of addition of highland barley powder on tensile properties

Kmz/ T AP b 2 f A2 /em? AP e A /B.U. & 4% E /mm AP YA /B.U. - mm™
%o 45 min - 90 min 135 min 45 min 90 min 135 min 45 min 90 min 135 min 45 min 90 min 135 min
QF
0 131* 141° 1307 302 364¢ 360" 197 195° 175° 1.5! 1.9° 2!
10 101° 115" 1110 363° 4161 4354 160 154° 148" 2.1¢ 2.7 2.9°
20 89¢ 92¢ 85¢ 3761 470 448" 140¢ 125¢ 124¢ 2.8¢ 3.8 3.6¢
30 68 79¢ 67! 387 502¢ 498 1201 113¢ 93¢ 3.1¢ 4.4° 5.1¢
40 56° 61° 55¢ 412° 476" 444« 98¢ 81° 81° 4.2 5.9 5.5
50 44! 51 41° 396" 472¢ 394¢ 76 76' 63 5.2 6.2 6.2°
TPF
0 131* 141* 130* 302 364" 360 197 195* 175* 1.5° 1.9° 2.0°
10 104 121 120 329¢ 427¢ 4501 165 158" 151° 2.0° 2.7 3.0¢
20 86" 98¢ 95¢ 413¢ 5181 560° 130° 122¢ 114¢ 3.2¢ 4.3¢ 4.9
30 78! 88 80! 454" 610 610" 117 103¢ 98! 3.9¢ 5.9 6.2"
40 64° 68° 61° 478" 618" 604" 95¢ 85¢ 79¢ 5.0° 7.3 7.7
50 48" 57 447 446 546 396¢ 72 72! 62! 6.2 7.6 6.3"

TE 7] — 1 AN [] 5 B 2R BT ik 25 22 57, P<0.05
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VTR U0 T R IS A AR R AT Y
KRR B AL 22, 4540 SEIVESE /N 2218 S
18 S T I 2 BRI AL B A A AR i
TPF 5 PRI 3k 19 & WUPE 40 5 Bk i B & T QF
FHRME L, BEE QF 5 TPF ¥In& A3 hn 18 3k iy
PO2s R4 WvE o 4 3 R R, SR el T B M Ry
HEFRME , QF BNt A 30% LT K TPF %S &
K 40% LIS, A R 5 X T AR Sk 9 B A7 B AR
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Table 4 Effect of addition of highland barley powder on the sensory property of steam bread

B SMBK  ABEH B i s Sk o
2/%
QF
0 2.67/19.95+£0.07* 14.20 £0.15* 9.55+0.31* 13.60 +0.06* 12.25 +0.03* 9.40 +0.06* 12.40 +0.21* 91.35 +0.35°
10 2.38/18.20 £0.14> 12.35+0.23" 8.75+0.45" 12.00 +0.04* 10.35 +0.56" 8.75 +0.03" 9.85+0.13" 80.25 +0.26"
20 1.95/12.85 £0.21° 990+0.17° 7.40+0.17° 9.30+0.27° 9.70 £0.04° 7.35+0.07° 8.65+0.16° 65.15+0.17°
30 1.90/12.35+0.21° 7.25+0.33' 7.00+0.36 8.40+0.33¢ 9.35+0.07° 6.15+0.15" 7.50+0.23 58.00 + 0.19¢
40  1.75/10.85 +0.35' 525+0.27° 6.10+0.04° 7.85+0.32° 895+0.16 540+0.22° 7.20+0.25 51.60 +0.13¢
50  1.62/9.55+0.21° 5.05+0.19° 5.35+0.25" 7.65+0.12° 8.55+0.19° 4.60+0.12" 6.95+0.09" 47.70 + 0.04'
TPF
0 2.67/19.95+£0.07* 14.20 £0.15* 9.55+0.31* 13.60 +0.06* 12.25 +0.03* 9.40 +=0.06* 12.40 +0.21* 91.35 +0.35°
10 2.39/18.30 £ 0" 13.20 £0.24" 9.05+0.17" 12.25+0.04* 10.85+0.22" 8.85+0.11" 9.45+0.19* 81.95+0.21"
20 2.01/13.50 £ 0.13¢ 12.30 £ 0.05¢ 8.65 +0.05° 10.60 =0.11¢ 10.25 £0.18° 7.20+0.01° 8.85+0.15¢ 71.35+0.13°
30 1.94/12.80 £0.17* 10.40 £ 0.15* 8.05+0.08 9.35+0.07' 9.45+0.14¢ 6.10 = 0 7.50 £0.11" 63.65 + 0.28¢
40 1.85/11.85+0.18° 8.50+0.21° 7.20+0.04° 8.60+0.15° 9.05+0.02° 5.25+0.04° 7.45+0.04' 57.90 +0.07°
50  1.72/10.60 £ 0.22" 7.35+0.26" 6.50+0.12" 8.00+0.05" 8.55+0.33" 4.50+0.32" 7.35+0.07 52.85+0.16'
I 91 R 7 ELAT B 22 5 P<0.0S

2.8 BERELMFREMEYE

M2 S5 LA, B&E QF 5 TPF iR i
B8 Sk R RS M MELVGR XY S R
PE N R RS M S BRI, WS Bk (A
18 S 1 b B AR AR AR, T TPF 8 QF 7 B R Sk 1
AL R BEAR, 40 . QF F BRI Sk 04 B B2 B9 T
4 870.33 ¢, 1fil TPF 3N T 3 673.7 g, X & H T QF
O R R AR AR B R AR, AT

Ao TR A A I SIE R, RREER T 1A A e v R 1) 4 45 A 1Y
TR, X 188 Sk ot 7 A 07 T 52 0

3

&ie

1) Bt 7 BB A5 0 1 22 8 4900, 52 SR Y
IR S BEAL R A I R R, T TPF A2 B9
IR T QF ZHBCH .

2) Bl TR IS IR B3, 75 R i AT A A
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Table 5 Effect of addition of highland barley powder on the texture characteristics of steam bread
W E % B E g e c 2 oF &3 ¥ R i YA =5
QF
0 1430.75 +42.71" 0.96 +0.01* 0.80 +0* 1132.70 £33.98" 1085.92 +23.65" 0.43 +0.01°
10 2 122.51 +32.04¢ 093 £0 0.78 £ 0 1663.02 +21.45° 1548.71 +£13.67° 0400
20 3348.07 + 33.40° 0.92 +0.01 0.76 £0.01°  2546.50 +40.13¢ 2330.28 +69.11*  0.35 = 0.01°
30 4179.78 +75.75¢ 0.89 +0.01° 0.75+0.01°  3488.59 +£36.51° 3260.82 +17.39° 0.35+0.01°
40 5627.39 + 14.55" 0.88 +0.01 0.72 £0.02*  4071.71 £57.17" 3612.76 £24.77" 0.33 £0.01*
50 6301.08 + 61.70° 0.87 = 0.03* 0.71 £ 0° 4464.36 £39.50° 3924.83 £41.43* 0320
TPF
0 1430.75 +42.71° 0.96 +0.01* 0.80 +0° 1132.70 £33.98" 1085.92 +23.65" 0.43 £0.01°
10 2068.32 £ 79.01° 0.94 0 0.79 £0.01">  1510.28 + 68.89° 1432.80 +19.44° 0410
20 310532 + 17.611 0.92 £ 0 0.78 + 0 1987.97 +81.23" 1868.71 £13.46"  0.39 £0°
30 3 670.06 + 49.03° 0.92 + 0.02° 0.77 £ 0 257890 +37.03° 2690.92 +58.51° 0.38 +0.01*
40 4339.10 £ 70.36" 0.90 £ 0.01¢ 0.76 £ 0° 3420.33 £35.30" 3318.38 +36.75" 0.37 £0.01*
50 5104.45 + 16.83° 0.87 + 0 0.75 + 0 3901.74 £ 75.61* 3737.27+£40.96*  0.36 +0°
I 7l — SR R i s B 5 22 5+, P<0.05,
TR SRR B W S 25 TSSO AE (4] Wi, TmeM, Bl v RO R AR L
S A 59 HUE B FE I P25 5 ) 9 L AT, 2019, 32(5): 43-47

55,10 QF % TPF i i A1 14 5 i) 5 58

3) T RRE Sk R SR T B R R R X B
TR VS 0 S 4 1 I R R, W TPE 1Y
RS K HVR I QF By & B 4 ZE Rl — IR R,
FA A2 5, 0 e 5 TR (E Y 4R
T, AT DA BE 2 i — i Fe sl 1y TPF,

2 % x #

(1] SR EE . mok o % 48 Sk 5 BTG 52w [J]. 1k i iR
2005(1): 31-32.

ZHANG G Y. Effect of water addition on steamed
bread quality[J]. Flour Milling, 2005(1): 31-32.

2] PNHZE, B, EETB. WS KO X8 Sk R Y
()] hEfAEE A, 2012, 28(3): 295-299.
SUN Y J, PENG H, AN X J. Effect of corn flour
on steamed bread quality [J]. Chinese Agricultural
Science Bulletin, 2012, 28(3): 295-299.

(3] EASBL. M FIFEZE 2OM X R S8 Sk i BT
W FSE(D). BB . VLR KA, 2016.

WANG J Q. Effects of oat and buckwheat flour on
dough characteristics and steamed bread quality [D].

Wuxi: Jiangnan University, 2016.

(6]

(7]

(8]

HU Y F, WANG X B, LU M. Study on high di-
etary Fiber barley steamed bread[]]. Cereals & Oils,
2019, 32(5): 43-47.

W, BV, XVBHRH, A faad b/ E R
] R X /N 22 3 I Y 52 A D). MR Sl AR
2019, 32(9): 48-51.

MIAO Z Y, YAO Y Y, LIU Y X Y, et al. Effects
of stabilized wheat bran supplementation on wheat
flour processing quality[J]. Cereals & Oils, 2019, 32
(9): 48-51.

WREL. 4222 by 8 3 ek B i R RF 5 0 JR . 3R
MRy Tolk, 2020, 34(1). 54-55.

CHEN H. Research progress on nutritional properties
of whole wheat flour and its products[J]. Modermn
Flour Milling Industry, 2020, 34(1). 54-55.

S B AN [ REL 2 BIR 5 B 1 Sk d £ T 20T T 3 A (],
a4 51, 2020(21): 128-129.

KOU M. Analysis of optimum technological formula-
tion of mixed flour steamed bread with different
coarse grains[J]. China Food Safety Magazine, 2020
(21): 128-129.

HAMIT K, RYU G H, BASMAN A, et al. Effects
of extrusion variables on the properties of waxy

hull-less barley extrudates[J]. Nahrung Food, 2014,



142 OE A IR 2022 455 1 1)
48(1): 19-24. 2011[S]. Beijing: Standards Press of China, 2011:

[9] TIAN M J, SONG J N, LIU P P, et al. Effects of 1-4.
beta glucan in highland barley on blood glucose and [14] e AR IEHE FE R B B R R SR,
serum lipid in high fat—induced C57 mouse[J]. Chi- B FARUEAL AT PR ZS 51 25 MOS0 /N2 03 450400 TE
nese Journal of Preventive Medicine, 2013, 47(1): e 2R . GB/T 31577-2015[S). dbat. H[H
55-58. bRt RAE, 2015, 1-4.

[10] SHs4s, w8, R, %, &R EZI L General Administration of Quality Supervision, In-
Oy ORI L)) AR W BT 5 A, 2020(2) . spection and Quarantine of the People’s Republic of
82-89. China, Standardization Administration of China. In-
FENG G G, SHE Y X, HONG S H, et al. Recent spection of grain and oils. Determination of damaged
research progress of main functional components in starch. Amperometric method: GB/T 31577-2015[S].
highland barley[J]. Quality and Safety of Agro—Prod- Beijing: Standards Press of China, 2015: 1-4.
ucts, 2020(2): 82-89. [15]  rhre TR ] 5 0T o s B A S A 8 )R, v

[11] e AR A 0k s B A g i i/, v B AR MEAL A BE 2R Dl 22, /N A Ky T AT B9 4 BIURE E

[ bR AL B2 O 2. /NFE R TCHORY 28 RIVE By W 7K ik R AR E R PR R GE R A . GB/T
RWIACRR RO A PR BE {075 . GB/T 24853-2010[S]. 14614-2006[S]. dtxt. e Fp i, 2006 1-
Jent: rERMEL R, 2010 1-3. 6.
General Administration of Quality Supervision, In- General Administration of Quality Supervision, In-
spection and Quarantine of the People’s Republic of spection and Quarantine of the People’s Republic of
China, Standardization Administration of China. China, Standardization Administration of China.
General pasting method for wheat or rye flour or Wheat flour. Physical characteristics of doughs. De-
starch. Using the rapid visco analyzer: GB/T 24853- termination of water absorption and rheological prop-
2010[S]. Beijing: Standards Press of China, 2010: erties using a farinograph: GB/T 14614 -2006 [S].
1-3. Beijing: Standards Press of China, 2006: 1-6.

[12] e NRIEAEEZ R R e R, hE [16] HAE NRILAE E R B R R s m,
[ 52 b AL 8 L 2 DL 2x 4‘2? B R B AR B G bR HEAL S B 22 01 2x. /N R T AT B R R
7 K FOMURL Y B 945 500 9 I 22 Hagberg—Perten 75 . TR F R I E BP0k . GB/T 14615-2006[S].
GB/T 10361 -2008[S]. db &t . v [ 45 #E 6K 41, dest. A EARES AL, 2006 1-5.

2008 1-6. General Administration of Quality Supervision, In-
General Administration of Quality Supervision, In- spection and Quarantine of the People’s Republic of
spection and Quarantine of the People’s Republic of China, Standardization ~Administration of China.
China, Standardization ~Administration of China. Wheat flour. Physical characteristics of doughs. De-
Wheat, rye and respective flours, durum wheat and termination of rheological properties using an exten-
durum wheat semolina. Determination of the falling sograph: GB/T 14615 -2006[S]. Beijing: Standards
number according to Hagberg—Perten: GB/T 10361- Press of China, 2006: 1-5.

2008[S]. Beijing: Standards Press of China, 2008: [17] wRE4E, MM, T#, 5. F PRI i AR
1-6. MU 25 P T B 18 Sk BT M S WA ()], v R R,

(131 rhrie A Bk A ] 58 o i W A S AGr 8 )y , vl [ 2016(4): 9

[ ZAR AL A B2 Dl e, IR S0 /)N 22 0 98 H )
JE SDS . GB/T 15685-2011[S]. Jbat. w45 i
A, 2011: 1-4.

General Administration of Quality Supervision, In-
spection and Quarantine of the People’s Republic of
China,

Standardization Administration of China. In-

Determination of sedi-

GB/T 15685 -

spection of grain and oils.

SDS test:

mentation index of wheat.

ZHANG H J, HUANG L Y, WANG ],
fects of highland barley addition on thermal me-

et al. Ef-

chanical properties of dough and quality of steamed
bread[J]. Journal of Chinese Institute of Food Sci-
ence and Technology, 2016(4): 9

[18] e A R 3 [ 5 R '“%h%# R, RE
E RS B B 4, MRS /N2 ki sk n T
S REA . GB/T 35991-2018[S]. dbat: w EARAEH



H22% W1 HRIAAR R 5k B AR 43

ML, 2018 5. [22] TG4, ki X /N 22 M K i 2% il o Rk 4 5 i A1 B
General Administration of Quality Supervision, In- WFFE[D]. FBIM . WE Tl K==, 2018.
spection and Quarantine of the People’s Republic of WANG C C. Effect mechanism of Grain size on
China, Standardization Administration of China. In- quality characteristics of wheat flour and noodles[D].
spection of grain and oils. Steamed buns of wheat Zhengzhou: Henan University of Technology, 2018.
flour processing quality evaluation: GB/T 35991 — [23] spa, XA, PRE. SRS TN ERE
2018[S]. Beijing: Standards Press of China, 2018 BC A4 2R b T AR PEAE SE[)). R S RRED, 2020, 28
5. (2): 79-85.

[19] TORBICA A, HADNADEV M, DAPCEVIC T. Rhe- GUO Y, LIU F Y, CHEN G Y. Study on the

ological, textural and sensory properties of gluten— quality characteristics of the combination system of

free bread formulations based on rice and buckwheat barley whole flour and medium gluten wheat flour[J].

flour[J]. Food Hydrocolloids, 2010, 24(6): 626- Science and Technology of Cereals, Oils and Foods,
632. 2020, 28(2): 79-85.
[20] KH, KEE, A FHEHAN LR [24] AR AF B RN B IR ALY MR AR
PP HLBBRSEI]. R DR I 4], 2010, 25(10): PERYSZ D] M . rRg Tl K%, 2018.
52-56. GAO S S. Effects of different yield rates on nutrient
ZHENG X L, ZHANG Y Y, ZHANG J. Compara- components and cooking characteristics of wheat
tive study on physicochemical properties of barley flour[D]. Zhengzhou: Henan University of Technolo-
starch and wheat starch[J]. Journal of the Chinese gy, 2018.
Cereals and Oils Association, 2010, 25(10); 52-56. (251 LM, Z=3CHI, skaf. 7 BRpY 3 2 a7 S i 1
[21] R, ILR, $EE, 5. BRRX/NAHR b & FREPE Y B TE[D). MBS R Tk, 2012(7): 41-
18 Sk 5 S A L] BRI AR 2019, 32(10): 43.
46-50. WANG T, LI W Z, ZHANG Q. Study on main
WU Q L, JIANG H, GUO X, et al. Effect of constituents of highland barley powder and texture
peeling rate on quality of wheat flour, dough and characteristics of dough[J]. Cereal & Feed Industry,
steamed bread[J]. Cereals & Oils, 2019, 32(10): 2012(7): 41-43.
46-50.

Studies on the Compound System of Highland Barley and the Quality of Steamed Bread

Zhang Yan, Chen Zhicheng”, Gong Haodi
(College of Food Science and Technology, Henan University of Technology, Zhengzhou 450001 )

Abstract The gelatinization characteristics, physicochemical indexes, dough rheological properties and sensory quality
and texture characteristics of steamed bread were studied after adding different proportions of highland barley whole flour
(QF) and highland barley peeled flour (TPF) in high gluten wheat flour. The results show that: the addition of QF and
TPF had a negative effect on the gelatinization characteristics, which made the flour more difficult to gelatinize. The
falling value of QF composite powder decreased from 370.5 s to 300.5 s, but the TPF composite powder decreased at
first and then increased. The sedimentation value of QF and TPF composite powder were decreased by 21.94% and
20.28%, respectively. The addition of QF increased the damaged starch from 27.0% to 28.6% , but the TPF compound
powder was not changed without the additive amount of 10%. With the increase of QF and TPF, the farinograph and
tensile properties of highland barley dough were significantly affected. The structure of highland barley dough gradually
became loose, not easy to form, hardness increased, elasticity became poor, and muscle strength became weak. Sensory
score and texture characteristics of highland barley steamed bread also showed with the increase of barley powder down-
ward trend.

Keywords highland barley compound powder; gelatinization property; dough rheological property; steamed bread quality



