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Abstract

Objective: A method for the quantitative determination of glucose, fructose, sucrose and maltose
in Lotus-Seeds enzymatic hydrolysates was established by high-performance liquid chromatogra-
phy-refractive index detector (HPLC-RID). Methods: Lotus-Seeds powder was dissolved in pure wa-
ter and extracted by ultrasonic wave. After adding a-amylase-glucoamylase-cellulase-hemicellulase
system, the enzymatic extraction was then centrifuged, filtered and determined by HPLC-RID us-
ing Prevail Carbohydrate ES column (5 pm, 250 mm x 4.6 mm). The mobile phase is 75% acetoni-
trile-25% water solution at the flow rate of 1.0 mL/min. The column temperature and the detec-
tion pool temperature were controlled at 25°C and 35°C. Results: The calibration curves exhibited
good linearity (r = 0.999), precision (RSD < 4%) and accuracy (recoveries range from 97.3% to
101.7%). This method met the needs of quantification of glucose, fructose, sucrose and maltose in
Lotus-Seeds enzymatic hydrolysates. The optimized enzyme system addition in lotus seeds was
a-amylase 1.1%, glucoamylase 1.4%, cellulose 0.9%, hemicellulose 0.9%. Under this experimental
condition, the contents of fructose, glucose, sucrose and maltose in the lotus-seed hydrolysates
were 2.74 mg/mL, 21.58 mg/mL, 0.26 mg/mL and 3.62 mg/mL, respectively. Conclusion: This me-
thod has simple pretreatment, short analysis time, simple operation steps, good repeatability and
high accuracy. It can provide accurate quantitative results for the determination of fructose, glu-
cose, sucrose and maltose in the lotus-seed enzymatic hydrolysates solution.
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1. 518

HET N KEPY, JRMHEERE R (Nelumbo nucifera Gaertn), &I E/KE S SEH R ELFEY, &1
AFAMS RS ETEAREOERME, SHBIE. AW, 2ER. K90, BEyshy
(Superoxide dismutase, SOD). 7KV Z WS R 7, A TERR B 2 424 5 =255 D24 1] [2] [3] [4] [5].
VEM R ET IR [6], BT UEm R A 2L, RIEF S oW BN M R, %
e T R o a-TE R BEFIE AL B2 G W UNE HER SN PE Ve B, REZK AR o-14-FEEF 5, AR AR
B AURBEN LA R AFME SN SRR, TR gE R4 R, ey 7R A
K, EOKMERAFERET. Bk, nCRARMIGIEE T, DIRmETIRREMENEER, B2 TET
EZ L IINEEN S WSET AR

HAET, ZH0—REMN I s EEA S IE. HOGRE. mRBBEHE Bk, "6
e RO ARG A5 T A [8]-[13] 5 . 5 HAMT AL, HPLC VERA MR, YUl K%L, &
EAERR LA, G TSR R BRI, AT B TR AR, BRI iR 22 [14] [15]. 5 HPLC Fl&{d
BRI 25 2 A /R ZE T OGATINAE [16] FEBE AT ZR[17] 2R EEU I A5 [18] [19]FR #5[20]5% . 5
Fek sttt RZEPOCRINEE BAR R BUEREAR, (AHRARL, BARMEMEMErt, ©&Eh
DI WUOARSRES @IS A W T, SR R RORAE R — s ZE A DI 5 ST AR P AT R . SR
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RERE. EIEREN O R, NET OISR A R N TR S
2. ¥R 55
2.1 #R5RF

WIEE. RRE. RENE. FZPREGhAES, EAERNEAARAR): fER. SEB A,
Bfdr TRFIE R A A o-VE¥n b WEILEG. A 4ERBE . LAY RBOLIAE AR AR AF]); L
HEal, 3% Fisher 2A7]); 0.22 um AL RALIESE (L ik SCIO R I A PR A ) s T (FHECRZ )5);
Prevail Carbohydrate ES i #(5 um, 250 mm x 4.6 mm, 3&[E Grace A ).

22. UFESEE

ME204E LT 73#7 R-F(_LifF METTLER-TOLEDO X #347 FR A 7): KQ-250DE A4 it 75 P A (R 1l
AT AT BRA ) TG20 MBS LK JEAR I S8 PR A 7]): MaxQ 8000 fHIREIK(:E Thermo
Fisher £ H2v Al); S40 % pH i+( 1-#F METTLER -TOLEDO {#$4 FRRZA &); 1290 Infinity 11 78 i R (1
(A 1260 RID 7R 29Tl 28, 4 Agilent A 7]).

2.3 SEWAHE

1) PRERERR: HERFRECRBE BRI &, 2.5000 g & B bR S 2.0000 g, BT 50 mL &, 0
A 30 mLKiEfE, HONEERBZIBEL, R4, SIS, W& FKE N 50.0 mg/mL A1 40mg/mL bR
TERG I A, ACIRAER s HERAPRIURENE . 22 2P MEbrifE St &% 1.000 g, BT 50 mL A&, fiA 30 mL
KR, HORERRBZEL, 5, RIS, MR 20.0 mg/mL FIARAERE &K B, 4CIRAT
#%H

2) HRAE ARG 4> BIERAFZEL 2.0 mL. 3.0 mL. 4.0 mL. 5.0 mL. 6.0 mL Fr#Efi# 4 A A1 0.250 mL.
0.500 mL. 1.0 mL. 2.0 mL. 3.0 mL Fr#fEfi %7K B, F ZME:7K(60:40)E %528 10 mL, Fc il sRAS R FE
FWE. AR, BENE. ZIENEMRSUE TR, F T ambsiE TAEINZE.

3. GRS 5
3.1 BIRHEAERE

W T RS S A (A C18 KE[21] [22]. & FEAE[23] [24]1F0KEAE[14] [25] [26]%%. C18 4
Xof BUEOR B DR BTSSR S AT R AT AT AL DT AT 2 B [27] 0 ARSER HUE AR A AR AL, R A P A
B, ZZIFREIETLE 2 . (ERRERER, FERMETERLE, VAR AR RIS 205, Hoaire MA@
15 min. [FHAS LI %5 Prevail FEAEHEAT 4 FRBEKI 2T

3.2. BENERVIEREE

ARSI LR T 2 5K EL B 80:20 (viv), 75:25 (VIV), 70:30 (V/V), 65:35 (VIV)IZERUR . 45 %
B, L KELEIIE ORI, H 0 52T, FME S M ERETRA B e By, . U HE I R,
DUBREE AT AR BIECLF 50 B, B G (i R sE AN, e o b R BUBE AN 7 B . Ml 5K EL
19124 75:25 (VIV) 73 B BOR AN R BUE SO ERAR, OB (3 1 K 1.

3.3. T1emhgk. KHRFEER

ARG TR G AR AE TAEIRL 1% IR L AR 2 AU X6 T & AR v ARV G2E T HPLC-RID
M, CADURRRE (4 B ik B OO AR AR, T AR D9 AR AR SR HE AR 2R o R SR (5T R R R TV
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HE A 10 IR, THEHR#ERZ, DL 3 a2 oA R, DL 10 fEbrdEdh 2 € 2. 4 Py
JOT I RGE H BIR B 4 4 Y L2 1o
Table 1. Retention time, linear range, standard curve, correlation coefficient, detection limit and quantitative limit of fruc-

tose, glucose, sucrose, maltose

1 MOMPELYRRERE, LMEE. foEf%k. XA RHRSEER

BRI 1) LT . F HH PR B PR
I £Y
et (min) (mg/mL) bRt 2 R (mg/mL)  (mg/mL)
S 5.97 10.00~30.01 y = 123774.7x + 7782.1 0.999 0.05 0.16
GIEbi 7.33 8.01~24.03 y =99111.8x + 679.3 0.999 0.07 0.24
THE AR 9.11 0.50~6.00 y = 132151.9x — 908.2 0.999 0.02 0.06
i 10.76 0.50~6.01 y = 92970.9x — 633.2 0.999 0.05 0.17
/mRIU 1
200000
150000
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Figure 1. Chromatograph of fructose, glucose, sucrose, maltose

B 1 Mg R e iEE

34. BRRENNAEHERE

Y [5]—fo3 H (UR ARV VA, 22 BIAE O 24 4. 6. 10+ 24 h #EATIISE, i 1 450 06 Tl AR AR R s v
i 72(RSD), AT )8 R AR e Mo a3t 2 o, DUFPHESRY e AR (1 RSD 341/ T 1%, UiHA7E 24 h
PRI IR A2 e T R 47

—H W& 2 h BLHIE. . S = ANRE R S E A AR, R0 BE 5 0. %) 15 iR
BATIE, THEEHEARM RSD fE N H N KE % . e 3 Fow, PUFPHERIE AN RSD $5/NT 4%, Hi#]
I RS 2 B R AT

3.5. In¥REIYER

B O 03 FREMEVIRE S, 2 BN I =N IRBER 4 PR SR PRAEE I B 3 4 PATRES R, XA
FE AU IO e 2t AT I 5, T L PSR A AR e 22, 45 WK 4. B8 4 WTH, 4 FhbEAh
KI5 kR 97.3%~101.7%, RSD $5)/NT 5%, HJfEiH L S2ub sk, UiHZ T e B4 e 5.

3.6. ETERMRFAAMIL

VoA A P T RRSEIGE T rp KIS MERE[26]. D9 T 1R i T IS HE S, R IR A5 SR G T8
RAPRIRERYI . ASCRERPE. HERE . Z PR S A SR S R, o Tel . WL, 214
BRI LF L R RIS R I A 2 FroR. BEE IR R IS, SRR REETRE, X
reROURE R A INGEA E 2 iehn . 2F4ER . FL4ER M ONRERYIB . T IR IA B — E R LY
RRER NI ARLE, 2GRN HRA, WE a-leniE. PR, 248 R R A 4 KB N &
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ikiksEe %

B AR R 4 HEN 1.1%:1.4%:0.9%: 0.9%. VUG, KAk Bl 1 T S5 1 i AR ) MR AR R T
[INGE=IN

Table 2. Peak area of fructose, glucose, sucrose, maltose within 24 h and the relative standard deviation

T2 24N ARME. BEE B ZFENNESERREANTERE

a4 ETpA RSD/
R 0h 2h 4n 6h 10h 24N ave %
e 2,551,172 2,526,750 2,511,744 2,530,310 2,548,877 2,546,401 2,535,876 0.61
R PR 1,623,497 1,607,155 1,611,246 1,621,157 1,626,113 1,606,290 1,615,910 0.54
TEVE 267,807 265,149 266,039 266,039 268,682 267,360 266,846 0.50

2N 186,429 187,168 188,098 189,027 188,098 186,238 187,510 0.58

Table 3. Data of the intraday precision of fructose, glucose, sucrose, maltose

3. MMEERMR AR ERE

A e i U T AR

12:%;% (nﬁ%L) 1# 2# 34 44 5# ave ReD/%

5.00 616,754 639,033 627,893 617,991 629,131 626,161 1.46

S 15.00 1,880,493 1,829,746 1,886,682 1,835934 1,832,221 1,853,015 152

30.00 3,636,856 3905447 3823756 3,846,036 3,591,060 3,760,631  3.67

5.00 487,318 510,114 503,176 498,221 492,274 498,221 1.80

HI 15.00 1,473,481 1,484,383 1,409,058 1,496,276 1,517,090 1,476,058  2.76

30.00 2,990,882 3,134,594 3,109,816 2,853,117 2,926,460  300,2974 3.98

0.50 65,168 66,489 65,168 63,846 66,489 65,432 1.69

JREWE 3.00 395,548 398,191 412,727 398,191 406,120 402,155 1.77

6.00 792,003 811,826 778,788 782,753 814,469 795,968 2.06

0.50 48,641 47,712 48,641 49,571 47,712 48,455 1.61

N 3.00 278,280 295,014 284,787 289,436 288,506 287,205 2.15

6.07 563,700 574,857 554,403 541,387 565,560 559,981 2.26

Table 4. Data of the recovery of fructose, glucose, sucrose, maltose

4. FPEERYINAR YR

=y Yt VR bt WG ffi(mg/mL) T RSD [l
K (mg/mL) (mg/mL) 1# 24 3# (mg/mL) (%) (%)
2.00 4.65 4.54 4.98 4.72 4.80 99.1
Py 2.74 2.50 5.38 544 4.98 5.27 4.72 101.1
3.00 5.79 5.58 5.61 5.66 2.02 97.3
15.00 36.02 35.09 37.96 36.36 4.02 98.5
) b 21.58 20.00 41.59 39.65 43.02 41.42 4.08 99.2
25.00 46.63 45.61 47.58 46.61 211 100.1
0.20 0.46 0.48 0.44 0.46 4.55 99.7
REBE 0.26 0.25 0.51 0.53 0.50 0.51 3.34 100.8
0.30 0.56 0.55 0.58 0.56 2.87 101.3
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Figure 2. Effect of enzyme addition on yield of total sugar

Bl 2. EERmMEX SHES RN

3.7. EFEBENNE

R FADCAC IR 5 g LU DAL BSE TR I, 1S EE TREMAA. X E 4 R & BT IlE, Kok
RnlEl 3 Frome KA FCEE N T3 RN 52 1 B b DU R (VR P, S5 Rk 5 Fom . % 1 BRI
EEOY AR ERE, 5T 76.5%, AUWH I wIHE | 22 SRR — P BEE ) S B SR B 99.08%.
IR A HER AR PORE TR T K IE JE RS . 1B R = BRI < BLRARAE T8 R i
B, AT E T BRI B N 56.4%.
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Figure 3. Chromatograph of glucose, fructose, sucrose and
maltose in Lotus-Seeds enzymolysis Lotus-Seeds enzymatic
solution

E 3. EFEMRneiLE

Table 5. Concentrations of four sugars in Lotus-Seed enzymolysis solution

5. ETEEMR P EMIERRE

WwEY) Rk RN TR g
W JF (mg/mL) 2.74 21.58 0.26 3.62
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4. #hig

ARSCESL T — Pl SRR i - TR ZE W R AR A I S T B R R . AT RERE. ZZEREDY
MR e 'O TR, O - 7K(75:25, V:V) N SAH, LA Prevail Carbohydrate ES &3 4 31T 43 55,
DU Rlob ) 20 B R WL, M IRIAS B 15 min. iZ 7 kR IE vE, RS, BoEttlr, ks
K% RAF, W TANDE TR P RpE . EpE. . RN SE. md RS RELE, R
T HET R AR . SEREIE. K - A AT AEIEAE L, HPLC-RID J5iksr At ()4, #
PR BRfE ., EEVL, esEdE, "HREEZNFMEERE, X0 T — 5 TETFIAERNT, RS
MET I I i AR PR R B LS

E&mHE
TG R A R B34 2w B vl 3 H (HBZY 2022B007)
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