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Abstract: Barley flour can be used alone or added to wheat flour to make foods, and its nutrition and physical properties will affect food
quality. In this study, barley flour was used as the research object, 60 mesh coarse flour was used as the control, and the effects of ultrafine
grinding on the nutritional quality and physical properties of barley flour were investigated. Correlation analysis and principal component
analysis were used to evaluate comprehensively the powder, and the optimal powder parameters for barley processing were optimized. The
results showed that the dissolution rates of protein and starch in barley powder increased with the decrease of particle size. The dissolution rate
of polyphenols increased significantly from 964.10 mg/100 g to 1396.00 mg/100 g, and the dissolution rate of flavonoids increased by 1.90
mg/100 g; the physical properties of barley flour changed significantly with the decrease of grinding particle size. The particle size decreased
from 93.07 pm to 20.33 pm, the brightness increased continuously; the L value increased from 87.73 to 95.00 (p<0.05), the angle of repose
increased from 30.56 ° to 56.84 ° (p<0.05), and the angle of slip increased from 41.85 ° to 79.93 ° (p<0.05). Its water solubility increased from
49.45% to 85.13% (p<0.05), and the water holding capacity first increased and then decreased. Compared with the coarse powder, the water
holding capacity decreased by 0.95% (p<0.05), the oil holding capacity decreased by 2.68% (p<0.05), the swelling power increased by 2.90
mL/g (p<0.05), and the bulk density changed from 0.42 g/mL to 0.24 g/mL (p<0.05). The cumulative variance contribution rate of the two
principal components extracted by the principal component analysis reached 95.526%, and the 200-mesh ultrafine powder had the highest
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comprehensive score (0.8368) and the best overall performance among the seven barley flours with different particle sizes. To sum up, ultrafine

pulverization can change the properties of the powder, and the change is related to the particle size. The results have a certain reference value for

the development of barley ultrafine powder products.
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Table 1 Particle size distribution of different powder

PR Djo/um Dso/um Dyy/um Dy 3y/um Span

a4y 4.60+0.10 34.57+0.93" 242.7041.40° 93.07+0.61° 6.95+0.49°
b 1 4.40+0.10® 24.87+0.12° 130.27+1.10° 48.27+0.38° 5.21+0.09°
b 11 437+0.15% 24.43+0.06° 49.87+0.06° 26.17+0.06° 2.38+0.06°
#prlll 4.20+0.10° 24.33+1.35° 47.57+0.38¢ 26.13+0.06° 1.85+0.02¢
ATV 3.63£0.35° 22.2340.15° 45.10£0.36° 23.50+0.10¢ 1.83+0.01¢
vV 3.27+0.12¢ 21.13+0.21° 43.50+0.10" 22.50+0.10° 1.82+0.01¢
# VI 2.83+0.15° 16.83+0.55¢ 43.17+0.64 20.33+0.45 1.76+0.01¢

Z: Rl AR FEHKEMRAGEE LR (p<0.05) . £2. 3F.
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Table 2 Nutrient content of barley flour with different particle size (dry base)

LN A% AN Yo % B /(mg/100g) FF/(mg/100 g) L a b

FH 6.524032°  9.97+0.43% 964.10+0.30° 11.10£0.01¢ 87.73+0.60¢  0.68+0.04°  9.58+0.45"
1 11.08£028Y  10.15£0.51°°  993.50+0.55% 15.90+0.01° 90.53+0.59°  0.35+0.03°  8.41+0.24°
I 11.90£040%  9.56+0.31°  1033.80+0.44°¢ 16.00+0.01° 93.44+0.57°  0.14+0.03°  7.45+0.39°
BT 12.10£0.62°¢  10.82+0.32%  1048.00+£0.31% 19.30£0.01°  94.28+0.39™  0.04+0.04°  7.09+0.20°
MBIV 122040465 10.43+0.53%  1142.00+0.55° 18.90+£0.01°  94.35£1.32%  0.01£0.05¢  6.90£0.37°
MV 14.10£0.68°  11.36+0.24°  1281.20+0.38° 19.60£0.01°  94.55+0.55® -0.07+0.05° 6.26+0.43¢
WMHVL 16140990  12.4140.56"  1396.00:+£0.33 21.5040.01°  95.00+0.18"  -0.09+0.03° 6.29+0.24¢

& 3 TRREB RN T

Table 3 Processing characteristics of powders with different particle sizes

R KBNS BARFENgmL) ERA/(mLg)  FKAY%  FHh A% REAR AL

HE 49.45+4.74° 0.42+0.01 9.17+0.43° 3304026°  4.04£0.16°  30.56£2.00°  41.85+£2.58°
w1l 64.93+3.76° 0.41+0.01° 9.95+0.44*  3.76+0.09® 3.57+0.17° 36.33+1.77% 56.16+2.82¢
MBI 67.25£2.20° 0.38+0.01° 847+0.40°  3.95+020° 3.69+0.07° 39.17+2.04°  61.89+2.94°
Il 76.78+4.71° 0.36+0.01° 7334057 3.60+0.08* 3.00+0.12° 45.90+2.36°  61.93+2.48°
MBIV 75.9+3.06° 0.34+0.03" 8414045  3.51+0.22% 2.53+0.15¢ 4826+1.53° 75.10+2.45°
#MBHV  79.93+2.20% 0.30£0.03¢ 7.524038¢  2.63+0.14°  1.65+0.11° 55.49+1.93*  73.25+3.39
BeVL 85.1343.19° 0.24+0.02¢ 6.27+0.44°  235+0.17° 1.36+0.12" 56.84+1.66"  79.93+1.89"
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Table 4 Correlation of quality indexes of powders with different particle sizes

fFAir ZEAR e FB FE EREE KEW BEKRA BKA FHeh HA KkEA L a b
&as 1000

A 0.762  1.000

% B 0.860 0.908 1.000

R 0950 0.768 0.803 1.000
WAEE -0.893 -0.902 -0.987 -0.857  1.000
Kk 0960 0.767 0.823 0997  -0.877 1.000
KA -0.751 -0.830 -0.816 -0.779  0.884 -0.793  1.000
B -0545 -0.896 -0.873 -0.494  0.820 -0.515  0.698  1.000
HhA 0871 -0913 -0972 -0.873  0.967 -0.887 0.802  0.833  1.000

A 0933 0.702 0.864 0.935 -0.894 0945 -0.710 -0.527 -0.894 1.000
AR 0915 0.850 0.930 0.938 -0.955 0953 -0.840 -0.716 -0.976 0.937 1.000

L 0.898 0.570 0.705 0.938  -0.787 0950 -0.757 -0.324 -0.761 0.917 0.880 1.000

-0.934 -0.635 -0.764 -0.963  0.829 -0.976  0.754 0404 0.825 -0.945 -0.923 -0.991 1.000
b -0.939 -0.684 -0.820 -0.955 0.874 -0.973  0.787 0494 0.872 -0.952 -0.954 -0.976 0.993 1.000
R5 BEMDVIREFEHAEIENE . FHEGERHETRBE

Table 5 Initial factor load matrix, eigenvector and variance contribution rate of each principal component

. w1k B HATHEE IR &
Hit A1 EAS2 Y
Eak 0.844 0.466 0.141 0.647
g 0.399 0.883 0.067 1.223
% ®y 0.547 0.817 0.092 1.134
S 0.889 0.415 0.149 0.576
BAE R -0.632 -0.763 -0.106 -1.059
R 0.893 0.430 0.150 0.597
ZIR ) -0.574 -0.668 -0.096 -0.927
HAKAH -0.107 -0.988 -0.018 -1.371
Hihh -0.624 -0.762 -0.104 -1.058
A 0.863 0.436 0.145 0.605
Rk 0.764 0.630 0.128 0.874
L 0.966 0.223 0.162 0.310
a -0.952 -0.300 -0.160 -0.416
b 20912 -0.389 -0.153 -0.540
HFAEE(L) 11.933 1.441 11.933 1.441
faRET £1% 85.234 85.234 85.234 85.234
Rt £/% 10.292 95.526 10.292 95.526
2.4 KM 2.5 E AR
IS ANFERA AR 2y B KIS TE RF 251 BARATREY T B T 947
KAIs Frm Sy HERVERE . K15 14 AN febRidt AT XIANFRATEA I 2 8 sl KIS F7K T

R T MRVESHTANER 4 P, w3k 4 A, Rl MR L . WK 055 14 (X1-X14) AMaEks
X 14 BRI EA RN, PR ZEXHEAREAT T BEATERE Y 3T MR RARTT Z TR T 85% A
M LR T 1 AR R H RIS, B N
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PC1=0.141X1+0.067X2+0.092X3+0.149X4-0.106
X5+0.150X6-0.096X7-0.018X8-0.104X9+0.145X10+0.
128X114+0.162X12-0.160X13-0.153X14;

PC2=0.647X1+1.223X2+1.134X3+0.576X4-1.059
X5+0.597X6-0.927X7-1.371X8-1.058X9+0.605X10+0.
874X11+0.310X12-0.416X13-0.540X14;

PABEAN 32 673 Foxsd 2 FRRAAEARL o T4 3 1 70 ik
REAEAL 2 AN EEE R T 3 A S B ),
AT DA AN FPRLAS R A B 25 5 VR A 2> (DD
Dn=0.8923PC1+0.1077PC2,

R 6 NEHEMERRNERS G
Table 6 Principal component scores of powders with different
particle sizes

ERSFES SRS

PCl  PC2 Dn #%
FH 0337 4535 0.789 7
w1 0357 4.639 0.819 5
Il 0360 4.653 0.822 3
Il 0369 4.712 0.837 1
IV 0364 4.690 0.830 2
WV 0355 4.668 0.820 4
WBVL 0352 4.660 0.816 6

* 65 1ML 2 TRy, S, Gl
B i HN 0369 f14.712, HEAE—, HRIVES
Iy, TR AR 7 0.337 A1 4.535; 53
FAHEL, ORISR &30 sy 0.837, HES 1 AN
%2 ERAE 2 SR a R e a2 R
sl AKIEYE. WAL IR LAEELSEE I R ZE
i PR EEAEH . Bk, foRmTILEE15 0 i
i, U HIRAL N BLAE 7 RiCR R R B A KR
1R AR, UL ERAL AR R

294

E2KES

3 g

3.1 RSO 7 PR KBk (1B 75 T DB
PERHAT T L tlr, 45K ZHIRPREA RS
[ E AR I ZES, GBI K ZEH,
Pem VRO ERIE A, SEERN, ARikA K
EAAEK, DGE T KEME. Rk RasikrE, 2k
TR RV R R 2. R SPSS AHSEME b AN
F I TR FIRARA AT S5 A VP, SR 2
AN FERGr Bt 7 Z Tk IA ) 89.297%, KB 200 H
KNS B, b st

32 b, H IR GE KM E SRR PR
PERUEEMATERT, HR R ShiEA R, FRKE
FETIOR ™= Iy, — 2 R R IR R . R4,
XoF RS2 BAHORD IR 0 1A DR % s I 12 i 5 A 2000 5
B, IR

A LK

(1] SR T, A, 5 K8 TR S SN TR T FE (0] 4R
M RRHE,2016,24(2):55-59
CAO Wen, YE Xiaoting, XIE Jing, et al. Research progress
on nutritional quality and processing of barley [J]. Science
and Technology of Cereals, Oils and Food, 2016, 24(2):
55-59

[2] ZHANG Min, WANG Fang, LIU Rui, et al. Effects of
superfine grinding on physicochemical and antioxidant
properties of Lycium barbarum polysaccharides [J]. LWT -
Food Science and Technology, 2014, 58(2): 594-601

[3] Mo, 11, AR R ok B T 7R 22 b B R
ISR, 1 R, 2018,43(10):234-238
YANG Fulian, WANG Pingping, WANG Yanli. Effects of
ultrafine grinding on physicochemical properties of sweet
buckwheat whole powder [J]. Food Science and Technology,
2018, 43(10): 234-238

(4] SZEZE SO, VG, 55 B oty B AL B R A A Jig
FISZMR[T] AR dh AR 2,2017,25(2):17-21
PENG Guotai, WU Nana, TAN Bin, et al. Effects of ultrafine
grinding on the physicochemical properties of brown rice
flour [J]. Science and Technology of Cereals, Oils and Food,
2017,25(2): 17-21

[S] Mo, R, Wy S0 55 R O X 1 5 oAy BRA L Y
ST B Tk AH,2019,40(1):34-39
YANG Mo, WANG Suya, CAO Chongjiang, et al. Effect of
ultrafine grinding on physicochemical properties of bamboo

shell powder [J]. Science and Technology of Food Industry,



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.1

(6]

(11]

[12]

[14]

2019, 40(1): 34-39
ZHU Fengmei, DU Bin, XU Baojun. Superfine grinding
improves functional properties and antioxidant capacities of
bran dietary fibre from Qingke (hull-less barley) grown in
Qinghai-Tibet plateau, China [J]. Journal of Cereal Science,
2015, 65: 43-47

GB 5009.5-2016, £ ih % 4= [ S ARE £ ER S A T
[S]

GB 5009.5-2016, National Standard for Food Safety
Determination of Protein in Food [S]

GB 5009.9-2016, % it 2 4= [ S b £ b ek (R I E [S]
GB 5009.9-2016, National Standard for Food Safety
Determination of Starch in Food [S]

B, T 77, 5 5 LT AT B T A K R B
WA R Z ]t Fl#,2013,34(6):129-133

WU Ying, WANG Xiufang, YUAN Shouliang. Response
surface analysis of extraction process of water-soluble
flavonoids from Kunlun chrysanthemum [J]. Food Science,
2013, 34(6): 129-133

Ok-Ju Kang. Distribution of free, esterified, and insoluble
bound forms of phenolics in tea seeds and their antioxidant
activity [J]. Food Science and Biotechnology, 2017, 26(1):
121-127

R385, 2 T, A AN RIS 5 S 4 R DA R A R S T
RSN H A L] B i RH42,2016,37(9):123-128

HE Yun, FAN Ziwei, WU Yu,

et al. Study on

physicochemical properties of mulberry leaf powder with

different particle size and in vitro dissolution of flavonoids [J].

Food Science, 2016, 37(9): 123-128

HE Shudong, TANG Mingming, SUN Hanju, et al. Potential
of water dropwort (Oenanthe javanica DC.) powder as an
ingredient in beverage: functional, thermal, dissolution and
dispersion properties after superfine grinding [J]. Powder
Technology, 2019, 353: 516-525

LIU Rui, LI Jian, WU Tao, et al. Effects of ultrafine grinding
and cellulase hydrolysis treatment on physicochemical and
rheological properties of oat (Avena nuda L.) f-glucans [J].
Journal of Cereal Science, 2015, 65: 125-131

Meng Q, Fan H, Chen F, et al. Preparation and
characterization of Dendrobium officinale powders through
superfine grinding [J]. Journal of the Science of Food &
Agriculture, 2017, 8: 15902-15912

ZHAO Xiaoyan, DU Fangling, ZHU Qingjun, et al. Effect of

superfine pulverization on properties of Astragalus

membranaceus powder [J]. Powder Technology, 2010, 203(3):

[16]

[19]

[22]

[23]

[24]

620-625

Zhao Xiaoyan, Yang Zaibin, Gai Guosheng, et al. Effect of
superfine grinding on properties of ginger powder [J]. Journal
of Food Engineering, 2009, 91: 217-222

ZHANG Zipei, SONG Huige, PENG Zhen, et al
Characterization of stipe and cap powders of mushroom
(Lentinus edodes) prepared by different grinding methods [J].
Journal of Food Engineering, 2012, 109(3): 406-413

TR SN S B O BRSO R S B K T g
PE BRI FURE RE[T]. £ it 2 42 o B AR I 241%,2018,9(2):
360-365

YU Cuiping, ZHA Yue, WU Fan, et al. Research progress on
effects of ultrafine pulverization on physicochemical and
functional properties of proteins [J]. Journal of Food Safety
and Quality Inspection, 2018, 9(2): 360-365

FH TR B2 KD RERFIE K SRR 72 [D]. B 70 7
Tk RA#2016
WANG Wei. Study on functional characteristics and
application of ultrafine grinding bran [D]. Zhengzhou: Henan
University of Technology, 2016

28 e, VS, XK, S5 B U ER BORAEE TR K dt
AR AL 7T 2,2017,12:141-145

LI Fengying, XU Rui, LIU Zhanyong, et al. Effects of
ultrafine grinding on nutrient composition and antioxidant
activity of rose [J]. Northern Horticulture, 2017, 12: 141-145
ZHANG lJiangtao, DONG Yushan, Tanzeela Nisar, et al.
Effect of superfine-grinding on the physicochemical and
antioxidant properties of Lycium ruthenicum Murray powders
[J]. Powder Technology, 2020, 372: 68-75

Ramachandraiah K, Chin K B. Evaluation of ball-milling
time on the physicochemical and antioxidant properties of
persimmon by-products powder [J]. Innovative Food Science
and Emerging Technologies, 2016, 37: 115-124

LB BERH R 22, B YD R AIR ROk 045 R R P (15
WARIE FE]. £ TR, 2012,33(11):76-78,82

LIANG Qi, BI Yang, MI Lan, et al. Effect of ultrafine
grinding on physical and chemical properties of Zizyphus
Jujuba powder [J]. Science and Technology of Food Industry,
2012, 33(11): 76-78, 82

PRTN R, B I, 38 A R o TR0 3 2 B AL AR PR 1)
SAMR[T] AR ki T,2016,22:19-21,24

LIN Lijing, HUANG Xiaobing, GONG Xiao, et al. Effect of
ultrafine grinding on physicochemical properties of pineapple
peel [J]. Agricultural Products Processing, 2016, 22: 19-21,

24 (4558 93 T1)

295





