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Abstract: Different proportions (10%, 20% and 50%) of highland barley flour (HBF) were added to wheat dough to
clarify the effect of HBF proportion on the network structure of wheat gluten. The measured thermomechanical properties of
the dough samples showed that when the HBF proportion increased, the mixed dough samples showed a significant increasing
trend (P<0.05) in water absorption rate, formation time, and protein-weakening degree (C,), but an overall decreasing trend
in gelatinization degree, stability, and starch retrogradation value. This indicates that the protein-weakening and gelatinization
degrees of starch in mixed dough were significantly affected by HBF addition. Scanning electron microscopy and confocal
laser scanning microscopy images revealed that adding a higher proportion of HBF hindered the gluten-starch interaction,
thus disrupting the network structure of gluten. Raman and FT-IR spectra indicated that the protein spatial structure was
altered and that the disulfide bonds were transformed from a relatively stable g-g-g configuration into an unstable t-g-t
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configuration. The disulfide bond content was found to be the highest (14.41 pmol/g) in the control group and 21.44% less

than that of the control group when 50% HBF was added. In summary, the stability and spatial structure of wheat gluten were

disrupted by the addition of HBF in any proportion. This study provides a theoretical foundation and practical reference for

the development of cakes with HBF.

Key words: highland barley flour; thermomechanical properties; Raman spectroscopy; infrared spectroscopy; disulfide

bonds; wheat gluten
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Fig.1 Effects of highland barley flour with different

proportions on microstructure of dough
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Fig.2 Confocal scanning laser microscope (CSLM) of dough
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Table 1 Effects of highland barley flour with different proportions on the thermomechanical properties of dough

EX 4 g 10% 20% 50%

HIKZ /Y 53.50 +0.26° 54.70 £0.10° 55.10 £0.20° 59.90 +0.30°
C, 8514 /min 0.63 = 0.04° 0.73 £ 0.03" 0.72 £0.02° 0.98 = 0.02°
C, #.4E /(N-m) 1.15+0.01° 1.08 +0.02° 1.13 £0.02° 1.15 +0.03"
A8 BT 1) /(min) 1.05 +0.03" 6.20 = 0.02" 6.07 £0.03" 5.50 = 0.02°
C, #.4E/(N-m) 0.36 £ 0.03¢ 0.45+0.01° 0.53 +0.03" 0.59 +0.02°
C, 3% & /min 53.50 + 0.26" 51.70 £0.10° 51.20 0.20° 51.30 £0.10°
C, 48.4E /(N-m) 2.14 +0.05° 2.17 £0.05" 2.15+0.03" 1.94£0.01°
C, #.4E /(N-m) 2.07 +0.02° 2.06+0.01" 2.03 +0.03" 1.63 0.02°
Cs #8.4E /(N-m) 3.10+0.01° 3.01%0.04° 2.93 £0.06" 2.32 % 0.06°

E: RAAERRRGINBFRERTEAREMEZF (P<0.05).

304




MREmBE Modern Food Science and Technology 2025, Vol.41, No.3
WAk 5
g i o= & g
o PR L A R
Il f 3 i S = B OE &
—e— X R4 ? & d 1
——10% ot A
- 20% 109@—_,,._\//\‘_
0 20% -.*.,4/\ua*» Anﬁnjﬁhdwkwu~uk~
it i M N
e \:::§> A 50%

R SRS
[ 3 Mixolab #: & B 475 H E 5%

Fig.3 Indexes of target profile tested by Mixolab
24 T HE A GIE I oA

] /N2 R H A AR [ LA 1 75 BB I SR FH i 2
FEIEHAT T I, SR E 4 R, CRRLE
& 2 &1 Y L E 500~1 800 em™ [X (7], Bl % 75 AR K
I, ZXSOR A T BE SR, RS T
RE I3 OO T B O S (R 4 DA S R R R R AR
R BER, BRbZ 4, BME R Z 5, C-H IR
X K -OH $REIX (2 800~3 400 cm™) [FjU&A7 t[E
ZRAET AR @I A TR S s X 3, T DATE
TRONHE T 35 B8 b N T 5 2 B 5 28 A4 .
FAR 0647 B e HARsh kg 2 fioR®. cAH
RPN, EERAR. ZHRASEREERS, B
SAEPE AL 2 900 em™ BT A YE A HE B C-H (9 1 4
Wz, MBI LI SRR, BEE Bk I 0 L] i
B0, ZARTR IS BN 2 911.29 em™ % i 8
F7 2899.59 cm™ Btilr, XFHARL AT RESE T ERE
W BN 5 7K o3 7 $5 5 2 1] 1) B 45 A T 0 58
ORI b 528 T T 2 1 B I A, (A IR AT U 1) r
BRAWE . fEh2fagUEiEd, 1230~1 350 cm’
Xof N AR TAE, 1 600~1 700 cm™ X 5 A2 i i
L7, HA@B L4 kA T C-N 5 C=0 &3, Bt
T4 >k H T N-H £E~F i _E 0 % 3 Fl C-N gt ) R
3. EBIILH H, EER - HEWTE - &
PEAFALT 1230~ 1 245 em™ X3k 2 [6], 1 J5 4000 5
il A A7 T 1 240~1 255 em™ X 4 2 [, A&
AT LLA Y, 1256.96 cm™ Al 1 331.22 cm™ 4b [y
5 5 5 T RRR B I N R B T R AL T S 58
1), XULEAMEE HRM AL G, EER R
Ry B 4 B 1 P RG22 0 1 B s 0
m, R UE A RS T R . B AR
AR, W0 2% 25 2 Bl p- i S LM & &
BT 17.2%, XA 2 8y 2K 2 M 8 E i — K%
ghirabetsl, A8 E i SRS R A

3 SIOO 3 OIOO 2 SIOO 2 OIOO 1 SIOO 1 (I)OO 5(I)0
WL/ em!
&l 4 REANEE 51 E R E FrYH 8 ik E
Fig.4 Raman spectra of dough with different proportions of
highland barley flour
&2 mEENIEPIETHIAR
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%3 TRAMLLHIERMEE 5 (500~550 om') L& &LL
Table 3 Structure content of disulfide bonds (500~550 cm™) in dough with different proportions of highland barley flour

ZRRAELEH 1% %t B8 20% 50%
a-da-4 42.60 £ 1.10° 52.92 +10.84° 14.68 +0.84° 13.58 +2.06°
-3 - R 28.80 2.69" 31.19 +3.43° 23.26 = 0.99™ 18.41 £0.09°
R-4- R 28.61 £3.78" 15.90 + 7.40¢ 62.07 + 1.83" 68.02 +1.97°
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Table 4 Effects of highland barley flour with different
proportions on the disulfide bond of dough

Ha HHRHZAESE EHASE RS E

STEE 024+0.04° 2920%0.60"  14.41 = 0.44°

10%  0.35+0.08*  24.83%0.08  12.16%0.01°

20%  0.47+0.08°  23.90+0.23°  11.66 =0.02"

50%  0.58+0.07°  22.82+0.52"  11.32+0.26°
3 g

R 2 TR g T [T P AT 2 R e A i
TR E, PLECRRHR S, MR
HL B0 T A S5 A R 2B, R T SIS [) b A3 5 B
M (10%- 20% Fl1 50%) S /N 32 101 ) 25 (1 45 /4 1 5
Wi 5 SR 3 W RIORD PR 0 N 2 5 M T J3 2 1 6 DX 6%
GERY, PRARTEHIE R b SSEA R RS E, &
AR T BR ( GEE R LA, AT A5 T A 2R 1A Y
LR BN, R a AR E . mHEI
PHUM R 45 B, HRBMMASEE 2
Wi 2 15 99405 DA R /N Z2 SR ORI AR 1 o 28 LT
iR, AHEFENZA UL T H R BN & 52
/NZE T B T I S 250, IR ERR - /N2
i) it 10 2 FH AN e A R A4

[11 AL-ANSI W, MAHDI A A, AI-MAQTARI Q A, et al. The
potential improvements of naked barley pretreatments on
GABA, f-glucan, and antioxidant properties [J]. LWT-Food
Science and Technology, 2020, 130: 109698.

[2] LIUHL,CHEN XM, ZHANG D W, et al. Effects of highland
barley bran extract rich in phenolic acids on the formation of
N e-carboxymethyllysine in a biscuit model [J]. Journal of
Agricultural and Food Chemistry, 2018, 66(8): 1916-1922.

(3]

(%]

(1]

[12]

[15]

[16]

GUO T L, HORVATH C, CHEN L, et al. Understanding the
nutrient composition and nutritional functions of highland
barley (Qingke): A review [J]. Trends in Food Science &
Technology, 2020, 103: 109-117.

OBADI M, SUN J, XU B. Highland barley: Chemical
composition, bioactive compounds, health effects, and
applications [J]. Food Research International, 2021, 140:
110065.

ZHENG B, ZHONG S W, TANG Y K, et al. Understanding
the nutritional functions of thermally-processed whole grain
highland barley in vitro and in vivo [J]. Food Chemistry, 2020,
310: 125979.

GUO H, LIN S, LU M, et al. Characterization, in vitro
binding properties, and inhibitory activity on pancreatic
lipase of S-glucans from different Qingke (Tibetan hulless
barley) cultivars [J]. International Journal of Biological
Macromolecules, 2018, 120(B): 2517-2522.
TUERSUNTUOHETI T, WANG Z H, ZHENG Y Y, et al.
Study on the shelf life and quality characteristics of highland
barley fresh noodles as affected by microwave treatment and
food preservatives [J]. Food Science & Nutrition, 2019, 7(9):
2958-2967.

ZHANG Y Z, YIN L Q, RASHEED H A, et al. Effects of
chitosan on the physicochemical properties, in vitro starch
digestibility, antimicrobial potentials, and antioxidant activities
of purple highland barley noodles [J]. LWT-Food Science and
Technology, 2020, 132: 109802.

YANG Y Y, JIAO A Q, ZHAO S N, et al. Effect of removal
of endogenous non-starch components on the structural,
physicochemical properties, and in vitro digestibility of
highland barley starch [J]. Food Hydrocolloids, 2021, 117(2):
106698.

KRR, SR M, R, SE 5 PRSI0 B0 T B AL
5T 4% Sk it 5T R 52 ) (9], o B 27 41,20116,16(4):
104-112.

2 AL A DT 55 AR 0K Xof 7 R T S 5 A T TR
ARRFVE R SEMA [J]. 8 i T2k,2020,41(12):47-51.
XMV, 2 504, 0 o 3, SR R X AR/ T
VAR5 1 e AR ity B JRR AL it 5T AR 5 ) [0, o AR vl 2 40
2021,36(6):45-51.

LYUY, MA S, LIU J, et al. A systematic review of highland
barley: Ingredients, health functions and applications [J]. Grain
& Oil Science and Technology, 2022, 5(1): 35-43.

LTI, RAR, B e, A e 2T 245 5 e R R A2 IC xS T
VAT 5 28 1 PR B AR R 0 (D). i R 2,2019,40(12):62-
69.

VRPR R T 28, 8 Ui, 55 78 I B 8% S 5 6 4k ] T [
PEATZRAR BORE S 57 b 5 1 R i (0] DA & R, 2021,
37(3):154-162.

B AR ¥ 255 2 W %o T S5 £ 3 D 4% 5 A B T AL o) £
Jt [D].JE 8L FE K %,2020.

307




MR @i

Modern Food Science and Technology

2025, Vol.41, No.3

[17]

(18]

308

KRR, O, 87 R o, 5 B Ak X T[RRI
WA [J]. 80 Tk, 2021,42(11):242-246.

CAO Y F, YANG Z, ZHANG H J, et al. Influence of potato
pulp on gluten network structure in wheat dough and steamed
bread [J]. Cereal Chemistry, 2020, 97(2): 226-234.

WUDY, YULW,GUO L, LIS Q, et al. Effect of highland
barley on rheological properties, textural properties and starch
digestibility of Chinese steamed bread [J]. Foods, 2022, 11(8):
1091.

TR R /N 22 SR 9 B RE P 43 AT [D]. B RH - 7
JEAR MBI R A,2021.

OZTURK S, KAHRAMAN K, TIFTIK B, et al. Predicting the
cookie quality of flours by using Mixolab [J]. European Food
Research and Technology, 2008, 227(5): 1549-1554.

SVEC I, HRUSKOVA M. The Mixolab parameters of
composite wheat’/hemp flour and their relation to quality
features [J]. LWT-Food Science and Technology, 2015, 60(1):
623-629.

MIYAZAKI M, VAN H P, MAEDA T, et al. Recent advances
in application of modified starches for bread making [J].
Trends in Food Science & Technology, 2006, 17(11): 591-599.
GOESAERT H, BRIJS K, VERAVERBEKE W §, et al.
Wheat flour constituents: how they impact bread quality, and
how to impact their functionality [J]. Trends in Food Science
& Technology, 2005, 16(1): 12-30.

B AR FR 5 AR SC. 7% 22 M xo T A o T 2R B4 R S
M [J]. 8 & Tk RH%,2020,41(18):1-7,16.

[26]

[27]

(28]

(30]

(31]

ol S, P AR S e, A TR O U AT R e
rh B8 2 1 I S5 R AR A [T]. B S RFE2,2018,39(24):78-
84.

RGN, VL0, 5K, 55 50 H R (U 0 1 5 2 1 45
Ak BB B2 b BRI [T]. 8 A RE,2022,43(14):
14-21.

HAN H M, KOH B K. Effect of phenolic acids on the
rheological properties and proteins of hard wheat flour dough
and bread [J]. Journal of the Science of Food and Agriculture,
2011, 91(13): 2495-2499.

BOCK J E, DAMODARAN S. Bran-induced changes in
water structure and gluten conformation in model gluten dough
studied by Fourier transform infrared spectroscopy [J]. Food
Hydrocolloids, 2013, 31(2): 146-155.

LIUM J, WU P Y, DING Y F, et al. Two-dimensional (2D)
ATR-FTIR spectroscopic study on water diffusion in cured
epoxy resins [J]. Macromolecules, 2002, 35(14): 5500-5507.
ZHANG L, CHENG L, JIANG L, et al. Effects of tannic acid
on gluten protein structure, dough properties and bread quality
of Chinese wheat [J]. Journal of the Science of Food and
Agriculture, 2010, 90(14): 2462-2468.

WANG L, LI C, HUANG Q, et al. Biofunctionalization of
selenium nanoparticles with a polysaccharide from Rosa
roxburghii fruit and their protective effect against H,0O,-
induced apoptosis in INS-1 cells [J]. Food & Function, 2019,
10(2): 539-553.






