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Table 1  The content of basic nutrient components of barley whole-grain nutritive noodles
and commercial noodles 2/100 g
FE ity HEARE R STER RE M 7 & B A Y RAT it
WN 10. 45+0. 28" 70. 14+0. 12° 1.55+0. 07 7. 13+0. 06" 1.310. 03"
QN-1 11.20=+0. 15" 68. 46+0. 21" 1.29+0. 03" 9. 13+0. 03" 1.73+0. 04"
ON-2 16. 73+0. 22" 51.35+0. 29° 1. 19+0. 04° 13. 85+0. 04° 1.39+0. 07
QN-3 11. 75+0. 13° 57.20+0. 26" 1.36+0. 03" 22.12+0. 03 1.91+0. 04°
ON 19. 20+0. 14° 54.83+0. 20" 1.76+0. 02° 16. 10+0. 05° 2.49+0. 07¢
L ANRE bR NG TR OR R B ] 25 5 8.3 (P<0.05) , T,
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Cooking loss and water absorption rate of barley

Fig. 1
whole-grain nutritive noodles and commercial noodles
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Table 2 Gelatinization characteristic parameters of barley whole-grain nutritive noodles and commercial noodles

FE WAL /°C WE{ERA]/min  IBEZEE/ (mPa-s) AEEE/(mPa-s) FEW(E/(mPa-s) ZAHZEE/(mPa-s) [IA{H/(mPa-s)

WN  71.70+1.81°  5.92+0.09° 2208.33+132.70° 1332.67+72.92°'  803.00+17.52" 2 740.33+36.00° 1 318.00+13.11°
QN-1 81.95+7.58"  5.01+0.66* 1 129.67+32.87° 120.33+12.66°  1003.33+35.08°  181.006. 25 64. 67£2. 52°
QN-2  93.07+3.16° 5.62+0. 13" 748.33+38. 68" 307. 67+25. 54" 428.67+16.01° 723.33£25.11° 404. 00+7. 94"
QN-3  87.08+1.76™  5.88+0.04°  2552.33+£23.59"  1288.67+44.77° 1319.67+35.36° 3 962.00+63.66° 2 623.00+18. 68°

QN 69.92+1.29°  5.86+0.12° 2461.00+123.78° 1395.33+19.29Y 1 106.67+15.04¢ 3 587.67+22.72% 2 148.00+36. 01"
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Fig. 2 Gelatinization curve of barley whole-grain

nutritive noodles and commercial noodles
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Table 3 Heat characteristic parameters of barley

whole-grain nutritive noodles and commercial noodles

= Ty/C Tp/°C Te./C AH/(J-g™")

WN  58.45+0. 11" 64.85+0.07 71.04+0.56° 3.57+0.54°
QN-1 56.88+0.01" 63.11£0.05" 69.7620.03" 2.98+0.31°
QN-2  57.41x0.21° 64.81x0. 13" 71.63+0.08° 3.00x0.17°
QN-3  56.62+0.04* 64.12+0.22° 70.080.03" 1.16x0.25
QN 58.43+0.32% 62.91+0.03" 70.74+0.11° 1.98+0.09"

W oA QN=3 7 3547 em™" BT H SR TR I i 0
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Fig. 3 Thermal characteristic curve of barley

whole-grain nutritive noodles and commercial noodles
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Table 4 The ratio of infrared absorbance of barley

whole-grain nutritive noodles and commercial noodles

FE i 1047 cm™' /1022 cm™ 1022 ¢m™'/995 cm™

WN 0. 986 8=0. 000 4° 0. 972 3+0. 002 0°
QN-1 1. 006 2+0. 000 9° 0. 937 9+0. 000 8*
QN-2 0.992 6+0.001 1° 0. 967 0+0. 000 7"
QN-3 0. 946 5+0. 008 9° 0.988 2+0.010 4°

ON 0.974 5+0.013 2" 0.967 7+0. 000 3"
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3
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Infrared spectrum curves of barley whole-grain

Fig. 4

nutritive noodles and commercial noodles
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Fig. 5 The SEM and CLSM diagrams of barley whole-grain nutritive noodles and commercial noodles
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Fig. 6 Changes of starch digestibility in vitro of barley

whole-grain nutritive noodles and commercial noodles

SN, R 2 T B 3 0 e B A R A A K S
AT et AR T o] ity P 9 B O AR SN AR R TRT I, JR
EFAEAE I A A A K I E A T, ATt 2
FHRARTER RSN LR

3 ZEip

ARSCLATT BR 445 D JEORE (R BN T/ 22 i A ) 7l
T —AH R E RN (ON) JRE T/ INE
By (WN) F3 BT (QN -1, QN-2 F1 QN-3)
PEATXF L BFFEE AT 5 IR 4 o0 S AR RS D5 1T Y
Zese AR BN R 4598 ON LSBT B, 5 4
A EE , QN 15 FR A (i , WA (L 206 38 s ok {1
[l 2 (LA B o AL, AN A I RN T 28 3
PR AR TN K R Ay, RS 22 5 AH B, 8o &
A=A s BAT ¥ 5] B2 A 1 17 2 1 I 25 45 B
AR SMH R B AR (54. 57% ) , BIE G FF R AR 6 £
ato ANWTFEE o A T RR AR A B T C O P R o
P, 2P T BRI R A SR B AR
T RREETH B4 0 BB THR AL T IE S

ST

[1] HEL D,GUO X N,ZHU K X. Effect of soybean milk
addition on the quality of frozen-cooked noodles[ J ]. Food
Hydrocolloids,2019,87:187-193.

[2] NGUYENT T L,GILBERT R G,GIDLEY M J,et al. The
contribution of beta-glucan and starch fine structure to
texture of oat-fortified wheat noodles[ J]. Food Chemistry,
2020,324,126858.

[3] REF. 28, Zam, £ FRAMIT T AGERE R

(18]

[19]

Heu R R EREZ )] A g ik, 2020,
33(2):91-94.

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

ARO,REHN FEHEFRTFLRREREHEAFK[I].
i R B H,2011,33(1) :4-9.

CHAUDHARY N,DANGI P,KHATKAR B S. Evaluation
of molecular weight distribution of unreduced wheat gluten
proteins associated with noodle quality [ J]. Journal of
Food Science and Technology,2016,54(6) :2695-2704.
KEFH BMD HEE, % EEtEAnEFRE
& RWEE[T]. BT ,2021,46(5) :37-42.
HONG T T,ZHANG Y ,XU D, et al. Effect of sodium alginate
on the quality of highland barley fortified wheat noodles[ ] ].
LWT-Food Science and Technology,2021,140:110719.

ZHU ] C,LIU Z P,CHEN L, et al. Impact of protein net-
work restructured with soy protein and transglutaminase
on the structural and functional characteristics of whole-
grain highland barley noodle [ J ]. Food Hydrocolloids,
2022,133:107909.

M HRET,HE, F HEEFRENETARER
B8 A (D], A EH ,2020,45( 1) : 143~ 148.
HOU G G,SAINI R,NG P K W. Relationship between phys-
ico chemical properties of wheat flour,wheat protein compo-
sition,and textural properties of cooked Chinese white salted
noodles[ J ]. Cereal Chemistry,2013,90(5) :419-429.
FEARIMEEZITIEMITNAETERS. 2R X
2 E XA ER S T &G A E . GB 5009. 5—2016
[S]. duog . F B4R v H B AE ,2016.
FRARFFMEERIAFMUHXNETERS. &L
A B F AR R & & P Ik By I Z - GB 5009 6—2016
[S]. db7 . o El AR 3L, 2016.
FERARIFPEEZIEFMTNAETER . £ H L
A E F ARk R & R 2 8l E . GB 5009. 4—2016
[S]. b E AR H R AL, 2016.
PERAREMEERZRILEMITXNETEZRS. B R L
A E R AT R & P H 8 2 GB 5009. 9—2016
[S].dbxt . & EArE H R4, 2016.
FERARIFMEEZITIEMUTXNAETERS. 2R K
AE R AR G TR S %I E: GB 5009. 88—
2014[ S]. b3 . & EARVE H R4 ,2014.
FRARFFMEERIAFMUHXNETERS. &L
A B F AR R & &P K 4 i Il E : GB 5009. 3—2016
[S].dbx . & EArE H R4, 2016.

MAJZOOBI M,KAVEH Z ,FARAHNAKY A. Effect of ace-
tic acid on physical properties of pregelatinized wheat and
corn starch gels[ J]. Food Chemistry,2016,196:720-725.
MCCANN T H,LEDER A, BUCKOW R, et al. Modifica-

tion of structure and mixing properties of wheat flour



- 58 -

Ba58© 20234210 A 45384 4551

(20]

(21]

[22]

(23]

[24]

[25]

(26]

[27]

through high-pressure processing [ J ]. Food Research
International ,2013,53(1) :352-361.

ENGLYST H N,KINGMAN S M, CUMMINGS J H. Clas-
sification and measurement of nutritionally important
starch fractions [ J ]. European Journal of Clinical Nutri-
tion, 1992,46(2) :33-50.

R NERTEARMERSERE & & NY
i [)]. IR E R Tk ,2020,34(2) :55.

SUNHEE K,JO-WON L,YEAN H et al. Effect of pleuro-
tus eryngii mushroom B-glucan on quality characteristics
of common wheat pasta[J]. Journal of Food Science,
2016,81(4) :835-840.

BAIANO A, CONTE A, NOBILE A D M. Influence of
drying temperature on the spaghetti cooking quality [ J].
Journal of Food Engineering,2005,76(3) ;:341-347.
BILTADERIS C,MAURICE T, VOSE J. Starch gelatiniza-
tion phenomena studied by differential scanning calorime-
try[ J]. Journal of Food Science,1980,45,1669-1674.
BARAK S,MUDGIL D,KHATKAR B S. Relationship of glia-
din and glutenin proteins with dough rheology, flour pasting
and bread making performance of wheat varieties| J |. LWT-
Food Science and Technology,2013,51( 1) :211-217.
B8 5eERREAAH 5T L(D]. KE: LA
K #,2019.

TANG A,LI M,WANG R, et al. Manipulating raw noodle
crystallinity to control the hardness of cooked noodle[ J].
LWT-Food Science and Technology,2019,4.4-7.

LI S,LIU Y, TONG J, et al. The overexpression of high-
molecular-weight glutenin subunit Bx7 improves the dough
rheological properties by altering secondary and micro-
structures of wheat gluten[ J]. Food Resrarch International ,
2020,130:108914.

WANG S J,WANG S K,LIU L,et al. Structural orders of
wheat starch do not determine the in vitro enzymatic
digestibility[ J]. Journal of Agricullyural and Food Chem-
isty,2017,65(8) :1697-1706.

GEORGET D, BELTON P. Effects of temperature and
water content on the secondary structure of wheat gluten
studied by FTIR spectroscopy [ J ]. Biomacromolecules,
2006,7(2) :469-475.

ZHANG M L,MA M,YANG T B, et al. Dynamic distribu-
tion and transition of gluten proteins during noodle pro-
cessing[ J |. Food Hydrocolloids,2022,123:107114.
SRIKAEO K, SANGKHIAW J. Effects of amylose and
resistant starch on glycaemic index of rice noodles[ J]. LWT-
Food Science and Technology,2014,59(2) :1129-1135.
SISSONS M, CUTILLO S,MARCOTULI I, et al. Impact of
durum wheat protein content on spaghetti in vitro starch
digestion and technological properties [ J ]. Journal of
Cereal Science,2021,98:103156.

LIU T N,WANG K,XUE W, et al. In vitro starch digesti-
bility ,edible quality and microstructure of instant rice noo-
dles enriched with rice bran insoluble dietary fiber[ J].
LWT-Food Science and Technology,2021,142:111008.

Nutrient components and physicochemical properties of barley

whole-grain nutritive noodles and commercial noodles

JI Yilin, CHEN Wenwen, DONG Jilin,SHEN Ruiling
College of Food and Bioengineering , Zhengzhou University of Light Industry ,Zhengzhou 450001, China

Abstract ; Using whole barley flour as raw material ( without adding wheat flour), barley whole-grain nutritive
noodles (QN) was prepared, and the nutrient components and physicochemical properties of QN were compared
with those of commercial wheat noodles (WN) and commercial barley noodles ( QN-1, QN-2 and QN-3). The
results showed that compared with commercial noodles, QN had significantly higher protein and dietary fiber
content, and nutritional quality was significantly improved. Compared with WN, the cooking loss of QN-2, QN-3
and QN increased by 74. 97% , 48. 04% and 65.77% , and the water absorption increased by 2. 19% ,23. 61% and
7.34% ; The peak viscosity , attenuation value and recovery value of QN increased, and the hot paste stability
decreased, therefore, QN was not suitable for long time processing; AH of QN decreased significantly, and starch
was more gelatinized , which was related to the decrease in the ordered structure of QN starch; QN had loose internal
structure and poor taste. Compared with QN-2 and QN-3, the gluten network density of QN was larger, the struc-
ture was more uniform and dense. QN could maintain the hardness and elasticity of noodles in the cooking process.
Starch digestibility in vitro of 5 kinds of noodles was WN (77.50% ) >QN-1(72.81% ) >QN-2(72.66% ) >QN-3
(63.88%)>0QN(54.57%). QN had lower starch digestibility and was more suitable for people with high blood sugar.
Key words: barley noodles ; whole-grain nutrient type ;nutrient component ; physicochemical property ; digestive char-

acteristics
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