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Abstract: Microwave treatment can improve the anti-digestibility properties of germinated highland barley starch. However, it remains to
be verified whether these properties are retained in dried noodles. In this study, untreated highland barley flour (HBF), germinated highland
barley flour (GHBF), and 300 W microwave-treated germinated highland barley flour (GMHBF) were adopted with wheat flour to produce
dried noodles, to investigate the effects of microwave treatment on the quality of the blended noodles and postprandial blood glucose levels.
Results showed that the GHBF group exhibited the highest cooking loss (10.27%) and the poorest textural properties due to structural weakening
caused by the activation of endogenous enzymes during the germination process. Whereas in the GMHBF group, microwave-induced dielectric
heating effects presumably promoted starch structural densification, resulting in a significantly lower cooking loss rate. At blending ratios of
30% and 50%, both tensile strength and breaking force were superior to those of the HBF group. Scanning electron microscopy confirmed that
microwave treatment promoted the densification of the gluten network, with the GMHBF-50% group exhibiting the most uniform
cross-sectional structure. Postprandial blood glucose response curves showed that the GMHBF-treated groups performed best, maintaining
relatively stable blood glucose levels. Additionally, the GMHBF-50% group received the highest total score in sensory evaluation (87.30 points),
achieving synergistic optimization of both glycemic control and sensory quality. In summary, 300 W microwave treatment effectively
compensates for the quality deficiencies of germinated barley flour, and at a 50% blending ratio, it yields dried noodle products that combine
good edible quality with low glycemic index characteristics.
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Table 2 Sensory evaluation items and scoring criteria for noodles
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Fig.1 Cooking quality of dried noodles
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Fig.2 Tensile properties of dried noodles
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, XEZEEIRBR NG TG SRS, SR ZF 5ROk IS S5 SURAE 30%F1 50%78 Ntk
BIR, 38 BRI (e S PR, AT DASR PR T 55 2 AR T S80S i 25 4 (TR midsin L5 (709%)
I N AT E A CIEER
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Table 3 Textural properties of dried noodles

o YA #bi4lg 5 /mm AR il T
WFN 2884.8009.32" 114.3447.71% 0.9140.01° 0.740.03% 1005.34451.82°
HBFN-30% 3750.50498.19° 95.0147.55 0.7826.01 0.5840.02° 1085.92468.82¢
HBFN-50% 4350.204114.73° 88.5547.99° 0.7340.02f 0.52:40.02¢ 1280.52+470.89°
HBFN-70% 4781.824114.64° 86.8646.98° 0.7526.03 0.5140.02° 1416.61467.36°
GHBFN-30% 3250.94499.51° 108.7148.07° 0.7540.01° 0.5520.03¢ 980.25442.61'
GHBFN-50% 38504614117 95.038.38" 0.7220.02' 0.4840.02° 1185.96432.51°
GHBFN-70% 4450.514139.11° 85.1846.84° 0.8040.01° 0.5240.01% 1343.35457.31°
GMHBFN-30% 3550.524157.39f 98.6046.57% 0.7640.01° 0.6240.02° 1050.84-441.73%
GMHBFN-50% 4150.25483.07° 92.28+11.18° 0.7440.02f 0.56:40.01° 1250.99-#49.55°
GMHBFN-70% 4501.094150.66 93.626.69 0.786.01° 0.59:0.02° 1412.25432.71°

i BRI HABAFERE T, RAKBERGEEZHER (P<0.05), FTAR.
25 HEWHMNLE

B 4 Jy AR ERREE Y SEM Wi . iy BRI, WEN RO BB BUR R I 2% 45k,
HHEA (EESHEASEIRED) WRIELNAEEI B R iR, JLgsd, x—reied
P S HZEBIRRBAC, PP R =8 HBFN-30% 1) I i 4% S5 BER 528, fE/E/ DR FLIL, 350 Tek
TR L BT SR L BIEE T 2 70%, TR h LB K, SR B AR I, Bk
LERAINT 15 TPA IR EEIE N, S0k T BRI AR A SARTT & o BeAh, FER R LI 1F T, GHBFN
ALFRIE A GE AN BRRE LR T HBFN ARTRZE, A 0 1HI 55 X 4 BRIk RORE i 03B T B, ek o i v
DUBRER 21 B L (0 LIRS, 0 A A Fh R S (K TR AR S K e i B R X Y, S804
PERET A Wik ETh. M2 AR, i i T X K S5 RS 2 e R AL T o A A P AR AT
CARAESE R o TR AT Er T S, UML) ATk AL T PR 2% b B ARG AOIE TR B, e 1 IR PR 2 45
HIMBEE™. o, GMHBFN-50%EE HEIRAS I FReA, FLBRACRAR L H A AL ERALI = BT, GERIAATE
FEPE 5 P
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Fig.4 Microstructure of dried noodles

2.6 HHHEE I

HHPEE VN AR IR 4 P, dERP AT BISH, WEN AP EL 91.65 R IR U E R
HBFN AbFRZH RV B VP2 BT BRAAS I EL I 30939 I %E 70% L FReta%y, e 8.46 F£4 6.99. &M
16.83 [#% 2 14.20. #IMEM 19.04 F% 15.97, E/MAHMIM 83.92 L% 69.33. AHLLIME, GHBFN ALFALER L]
R ERIEZ T HBFN AbBRA, SR S AL A RO ks 1 AREE T KRS Bt s, A4 T Heim i
& MZRL AR5 ) GMHBFN AR R E o BLE S 2 RO, R RAE BT LBy 50%H H sk
B VP EIA AR B el SRR T s A B A AR TR R B i P& SR ) AR RIS, e 3 P
ek R S EAAEREN, WP TSR SR, ARG A O T R 5

#* 4 EEREENSES
Table 4 Sensory evaluation scores of dried noodles

G & FIH & FA g 20 lc R Rk Bar
WFN 94840.25" 89840.14 18.8530.49°  23.8530.96°  2210#1.15% 4.294013% 4104009°  91.6540.06"

HBFN-30%  8.4640.31° 89840.36® 16.8340.61™  19.04:#1.04°  220140.72° 42040.16™ 4.4020.09™ 83.9240.74°
HBFN-50%  8.0040.35° 8.8140.35® 15484056%" 17.5321.13" 18.3040.95" 38040.16% 4.3040.09° 76.2140.53'
HBFN-70%  6.9940.37° 85040.36° 14.204054g  1597#1.25"  161741.08° 33040.17" 42040.16% 69.334.76'
GHBFN-30%  85840.37™ 9.0840.36®  17.2440.61°  1953#.18™  2242#1.24° 4.4040.18%° 45040.13°  85.7540.24°
GHBFN-50%  8.1840.31° 88940.37% 16.0140.73°® 18.05#.28"*" 10.02#4.41™ 4.0020.16® 4.4030.14% 78.5440.38°
GHBFN-70%  7.2940.36° 8602037 14.7740.61%  164621.31"  1655#4.29° 3.5020.19% 4.2940.14™ 71.4541.67"
GMHBFN-30% 8.3020.39 0044031 1648065 18.53#.29°%® 1953#1.38" 42140.18™ 449413 80.5740.18"
GMHBFN-50% 8.7040.37" 9.1940.28° 175140.65°  19.96:.31"°  22.77#.41° 45940.17° 45840.16° 87.3020.16
GMHBFN-70% 7.5020.38% 86740.31® 15204056  17.00#.32%"  17.1241.21° 36940.18" 4.3940.15"° 73.561.69°

2.7  ET YR MR RN h £

A Ji IR s N 3 S e N Ak B4 vh ] AR FH TR K A S AR B AR 3L RE ), 48 TR s 37 i 2R P 5 BT
MR LA, BT A2 A4 i I S 2R ZE AT 30 min Py IR B FF, 7F 30 min BIAZIE(E, BEiS 2ELE
R PR, 1E 120 min TR, Hidr, WEN 2 f9% 5 MpEIEE i, PS4 A (AUC)
K (14.31 mmol /L), IfbE bFsl A i thIf H IR . SERCELEIM 0 354 70%, GMHBFN AbEEZH
GRS R I S A ) IR 1R R, O S A (R,  MBEER IS 2 /NI N 4ERFARO PR IR s il
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GMHBFN-50%41¥] AUC {4 12.46 mmol h/L, &K [A LB GHBFN-50%41 (13.45 mmol h/L). Ik, fE[H
—ERCHHI T, R EPREER AR S AR SR THE B, X ATRER T HARA S B & - 5 S Hiikieh ,
P-HRBEVE N ATVETERE 2T 4, BeAElliE AR RRER, IR &Y S RIoR R, JE Byt tn] DR
Po N BRI KA, IR AR R, T % 2 A R R A R K T VAR, SRR
TR, pHIREES B, #EmEISS . T GMHBEN ACERAH A I M RSO S, XS
A3 TR AL E RN TR 3 1 IR 2y T B, ARMEE IR TEA RS TR RS RS3 2 B AR Ty 45 Ry
fiE, AT T Hrkiep & &,
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Fig.5 Postprandial blood glucose response curves and area under the postprandial blood glucose curve (AUC) of dried noodles

3 Zhip

AFARGIRA T ACHEEHR (HBF). KHEHHM (GHBF) K 300 W il b3 R 25 8k (GMHBF)
PIATEI LA (0~T70%) 5/N32H 5 I e X HE T 5t R S48 i B AR . 45 SRR B, BT B B LL s, &4
FEMPZENURET . AR SR, B 2R 2 N s, HiliEm AR E g . 7ER—
STRECELHI T, GHBEN AbEEZH PR & 27 1 72 A PR K AR S B M 5540, 283810 % f s« TR ME BB B¢ 225 1 GMHBFN
AR AN NPT FIE 7 T H P EHE, TR SR IS L, REMRRERK, g s
P81 JI7E 30%F1 50% LA LT HBFN ALFRZH, TPA JiARHENSE, OSSN B 5] . 485 R v i 2%
7R, GMHBFN ACFRA7E & LU MpEEfI RS . e, GMHBFN-50%/ 70 (87.30 43,
5 2 /NN IS AR A, SEB T HbE h) 5RE S R B  FI AR A

ABFFTESE T 300 W A AT A A RO ANR HE T RIS TR 5 I 25 B, 7 S0% ST L) T AT 5Bl A6 2 i
JE R 5 R RS PRI AL, R RS R BT 1O FE R AR T AR S,
Bt I Ak
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