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Effect of temperature and time on change of carbohydrates in Hordei Germinatus
Fructus with frying process
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Jiangxi University of Traditional Chinese Medicine, Nanchang 330004, China

Abstract: Objective To establish a method for the determination of D-fructose, D-glucose, sucrose, D-maltose, and other four main
carbohydrates in Hordei Germinatus Fructus (HGF) by HPLC-ELSD, as well as explore the dynamic changes of reducing sugar and
non-reducing sugars in stir-frying process of HGF and provide scientific basis for clarifying the mechanism of digestion effect of HGF.
Methods HGF samples were prepared with different stir-frying temperature and time. The contents of fructose, glucose, sucrose,
maltose, and other four main carbohydrates were determined by HPLC-ELSD method. HCA and PLS-DA were used to analyze the
changes of four main carbohydrates in the stir-frying process. Results The contents of fructose, glucose, maltose, and other three
kinds of reducing sugar showed a downward trend on the whole with temperature increasing. And non-reducing sugar such as sucrose
increased firstly and then decreased. HGF under different temperature was divided into three categories by HCA. PLS-DA showed that
the stir-frying temperature had main effect on the content of sucrose, and the effect of reducing sugar such as fructose, glucose, and
maltose was relatively small. With the extension of stir-frying time, the contents of four carbohydrates decreased and reached
steady-state at 16 min. HGF with different stir-frying time was divided into four categories by HCA. Standardized 44,, value increased
with the frying time increasing, and reached the peak at 16 min. Conclusion The contents of reducing sugar, non-reducing sugar, and

amino acids decreased in HGF, which is caused by Maillard reaction directly or indirectly in stir-frying process. The products of
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Maillard reaction may be associated with digestion effect of HGF.

Key words: Hordei Germinatus Fructus; frying process; carbohydrate; HPLC-ELSD; D-fructose; D-glucose; sucrose; D-maltose;

HCA; PLS-DA; reducing sugar; digestion effect
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2.1 HPLC-ELSD E=MEHENEL
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1 XH&E A). #& B). AR (C) B HPLC
Fig. 1 HPLC of control sample (A), sample (B), and blank
sample (C)

2.1.2 XEGFER SIS RS D-RBE. D-
HIEBE, NERE. D-F PR EEE, HRIET 25
mL EH, F 20%F RS R G e w2 L0, K
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g, BT 100 mL REEHETIRH, K% AZLK 30
mL, #HEHE 30 min (500 W, 80 kHz), #RJEHN
N 20%CFREEFW 2.0 mL, BRI 10%IE 2k F A4
W 2.0 mL, #RFE 1 min JoyEd, #EBUMAREKE
%50 mL, FFERFZI, LIEWH 0.45 um fFLIER
JEI, RIS A A
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N Y=1.083 4 X+6.271 (»=0.999 3), Y=1.045 8
X+6.156 7 (#=0.999 4). Y=1.018 8 X+6.325 1
(r=0.9992). Y=1.084 3 X+6.043 (r=0.998 9),
LRPEVE 2 N 0.184~7.357. 0.451~18.022.
0.186~7.434, 0.414~17.446 pg.
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D-FZEMEXTIA L 16,36 mg, % “2.1.37 Wi RHIJTEE
AR AW, BERE 10 pL, 0GR,
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Fig. 2 Effect of stir frying temperature on carbohydrate

HEH 90

components
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160 C 2.3 WOHIRTEIXT 5 P HE R A8 P 4RI SN
240 C 2.3.1 Kb AN 2 PR R S N
260 € 150901 [AEZZ 5, BRZA0T, 408 14 4y, B4 50 g,
FEE PRI 2 220 CRMGHE FHRAIFTF AT, 4
m IS 0y 2. 44 64 8+ 104 124 144 16+ 18+ 204

3 FERHLIREZRZ HCA 5317
Fig. 3 HCA analysis of stir fried HGF with different

temperature

D-ZZ 250 3 Pl JEUbE f) B AR R BUA PR, TR
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200, 220 T2 R N—2, RIS HIEEE
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T TG PR

223 PLS-DA X 2 F g%t — 2 K H
PLS-DA W 7S HIEFEXT 22 28 o 4 RS0 15
WFERE, SR 4. GEREH], FEREEX I
W HAT BE TR, 1T D-JHE . DA B
D-ZZ ZEWEXE X 43 A [R5 BE 1) 22 28 ] s 1 F AR G
&, H VIP (variable importance plot) {H K/NH
M, R R R ERE, 7E IR R SR 2
T RasE, fEEE (110~145 °C) F 5 iR
BIREFIRNE, (HEER ST, K E A
AR R AR B, R, R
F KT R PO R AR R TR R B . &R 1
Maillard U™, F22E 2GR R 2y, &S h
S MR IR, A Maillard e SAREE T 3 5 905 JE
fith, DRI, 2228 rp 0 R M A A R B AR )i
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Fig. 4 VIP analysis of stir fried HGF
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22, 26+ 30 min, A YIE] A LCAM IR A B Y
TRE S AFRUAN R I [E] AR il K05 AN 52
HRES KA, HPLC-ELSD WIERi &, i
FEANBRK IO BIRE S PR R . SRR 1. 45
RERY], BEEIDHIRIFER, 4 FEES 2%
ass, b D-ZFHE R IR RE, ELF P
D-ZFAEPEEN 15.969 mg/g, 25T 2 min W5,
D-ZZ 2 W BRI KR 1.514 mg/g, D-3UKE. D-
a2 2 min UG, EIREG, BYS D-%
SFREECEL, LTS, TRERE M ARSI, D-2
ZFRE. D-HIEIRE . D-RBES PRI, AR
MU Maillard SR ITECR R, RN, BT
RERELEIO BRI K AR B DA &R . D-RBE, M
Al D-22 20k D-HiEIHE . D-RWEEb RS g~
R WHEESERR S B R
Table 1 Effect of frying time on content of carbohydrate

components
FJ 1) /min 5 Himg g ) K53 1%
D-RHE D-HIEHE BEWE  D-Z R
0 9.872 18.691  7.775 15.969 10.24
2 2431 5317  4.758 1.514 7.93
4 3.605 5251  4.499 1.943 6.98
6 3.625 7.060  5.624 1.691 5.56
8 1.673 5807 6.214 1.980 4.71
10 1.149 1252 3.672  0.859 441
12 1.072 1.247 2374  0.796 3.62

14 1.021 0920 2214  0.710 3.45
16 0.643 1.267 1.521 0.563 3.25
18 0.851 1.053  1.183  0.535 3.13
20 0.850 0.789 1.434  0.545 2.96
22 0.846 0.830 1.445  0.643 2.94
26 0.746 1.256  1.575  0.761 2.90
30 0.473 0926 0.802  0.439 1.30
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PR EAPEZ S A — T, D-FE . D-H %
D-ZZZERELL S EERELE A H) 16 min J5, HEAR A
W, 45 SRR 2F PSR 3 E 16 min I R 2
SEA.

232 HCA DUAEZZZF K& ARG HI AR s 4
FloE o & feAr, FIH SPSS 19.0 #fF, iz
F~F 77 BR PG RE B A A S (i BE, X 14 NAS R i)
I EFE 24T HCA, Z5R WK 5. 14 DMER TR R
42K, EFEHE (PH 0omin) N3 &2, 4. 6.
8 min KHIMIZEZE N2, RINZEZF R HESR RS
PR TR 104 12 14 min W12 28—, R
FFER RS R 164 18 20+ 22, 26+ 30 min
WO 2 25—, Kb 16 min J5 22 28 B I AR
A, RS0 22 28 bl & 1) s A
.

T ITBR IGEE

5 10 15 20 25
1 1 L L |

20 min
22 min
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30 min
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14 min Il—
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]
|

2 min
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El5 TRKHIREZZF HCA S HrE
Fig. 5 HCA analysis of stir fried HGF with different time

233 WHIEEERREENRLE B “23.17 Wk
ANFBHIS ] )22 2P R 1.0 g, FEERRE, Bl
FEHEZ M, AN 70%EF 40 mL, HEAHE 30
min, JEEERZE SO0mL, HUJER, 7E 420 nm H)
B TMERCE (o) 1H, A0 “hriEtl
Agpo=Ago/ R TH AL ZGM TR IEE, 5
ARG AE AL FEE . Maillard [RBZE7
%) (Maillard reaction products, MRPs) J&45 128 %
KRy, 18 420 nm A RPE MR, BT SREAE
Maillard S22 72 FEU )0 22 2EAERD IS FRARHEAL Aano
EL25 FE L 6. 45 BT, Bl kb i 1R R RE K, 7E 0~
16 min N, Z2FFE S IAREAL Ay [HEEAK I 228 ME
Hahn, K 16 min 122 ZFFRUEA Ao (1L BIIEAH,
Bt Ja BRIl Ao FEATRFFAEAE
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Fig. 6 Effect of stir frying on value of standardized A,
Ao HEZR, 16 min JE IR HIFES N —2K, RPN
BERIA o, ISR R DY 16 184 20, 22, 26
30 min HJREAANEEZE R, TS HI TG, AL
By 2 A, AR MR RERZ B S — T
MM, FRAE Apo (EFE 16 min Tk BJIE(E, KM
Maillard Je O 584s, BRIk, B 5E 22 2 kb a4
16 min.
3 1

Maillard S M A AEAE A 254t i) T 20
Firh 1 PRE SN, BEFEEN], MRPs HA T
FriE BRRE . TR AR A, i i T R R
W, B SN 2 AT RS 20 E I E AR S R
MECMTHALRE 1, S50 B i ) “isfb” Thig,
R, bl R H O B MRPs A e 50022 23 &
PEFMESRA O . ARSI I A MTEIAE . THALBEAE L
P EEGETERAE, 22T Maillard S5 RS
2 S B A I SR A AR AL, 92 “ b A e
A AL P ) 3k S BB AT ST TR A

2 SRR AR o A /D B oy B s AN
Y, YT R A P A D RE R
P2 Bl 1 MOSRIAEACE Y, EARERESE
JE2. BIRUL R E B A, HARH R4yt
HIAEFThRE: 55 1 FMOSRAEAM Y, EEAFEA
AR EREYIR. SR iR RESAN T
WEY. whZgiEsl. St W Zd
UCER ), BIESiE LB “HRUsr” BN
TRFR B RAPO IR ST T2, X0 Frgg “ 2
Hodor” W HE/RR AN RAmE, B &
B, WEAURT EXT R0 AU, )
PA“RAEARUT= 97 NvririEds, SARERZ R
e VIR ). ASEIGAERT I F RO HI T2, LA
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TR “HE” AN R KT
PR FERR, AR R DR R B R B
ARG =Y RV EM R bR T BEBE IR . A2, A
NZATEM L R R TR A AR PR 2 R A A
HAEA, Hrepnlae BA —EmZsEtE, W—e
B, WA e SRS AR BT
2B AR R =0, 46 R T AR AR BRAE = AR 1)
AR H—J5H, YIRS — s
FEVI, AR FH S AT RERZA T A R I (A1 K
FEVER . R, TEHRZGTEMm]. IR, wIAAR
WP AN AT BRI T B S T EHN R bR o
HZGEB I A7 I ERRE L, ki a2
FRICHIIE K 7 (P 5RF5 A T R, b« K fie”
AN, YRR, RO IRSAFAEZE e ARSEER R
F HCA. PLS-DA BIFFT “ K™ XFisr s, 45
KB, T HCA 7r#fr, 78 220 “CHBHilINF ] 73 51
N 16+ 181 20, 22, 26+ 30 min 52| FIFEM, HAp
D-WE. D-AEINE. D-22 505 DL RERE 1) & H AT
EREZE R WIRRIRRW, ELHFA 220 C, b
fil 16 min J5, T WLZEZHFEEARR, HAEFSEE,
X5 (hzghmlg) PR n s kb A S e
PR RMERE A, BRHAESN, B ki
W—3, e 2 H s F T2 R, MR
N HCAL PLS-DA &3 M5k, ARIEs2ma = d
RN L ESHEE, STEEEEN T 25 .
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