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Rapid determination of the mass distribution of oligosaccharide by external
standard method with flow velocity compensation calibration
monosaccharide
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ABSTRACT: Objective To establish a method for the determination of mass distribution of the different degrees
of polymerization for oligosaccharide by ultra performance liquid chromatography-evaporative light-scattering
detector (UPLC-ELSD). Methods Oligosaccharide of different degrees of polymerization was separated by
hydrophilic interaction mechanism. With the known sugar standards of different degrees of polymerization,
evaporation light response uniformity was established through flow velocity compensation. Standard curves were first
established by using accessible monosaccharides, then the mass distribution of the other oligosaccharide of different
degrees of polymerization was determined by the standard curves. Finally, the mass distribution of oligosaccharide of

different degrees of polymerization was obtained. Results By this method, the samples of fructooligosaccharides
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and galactooligosaccharides were separated and their mass distributions were determined. Through establishing

standard curves by fructose and galactose, it was found that the correlation coefficient (+?) of fructose in the range of

0.05-1.0 mg/mL was 0.9972, while the correlation coefficient (+*) of galactose in the range of 0.05-0.5 mg/mL was

0.9994. The repetitiveness of the method was examined by 6 continuous sampling of 0.25 mg/mL standard solution of

galactose and fructose, and the relative standard deviation (RSD) of retention time was <0.1% and the peak area RSD

was <0.76%. The results of fructooligosaccharides were contrasted with the results of kestose and nystose determined

by the external standard method, the maximum deviation was less than 2.5%, having relatively high accuracy.

Conclusion The established method is fast, accurate, and cost-efficient, which is suitable for the determination of

the mass distribution of oligosaccharide of different degrees of polymerization.

KEY WORDS: oligosaccharide; mass distribution; evaporative light-scattering detector; ultra performance liquid

chromatography
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Table 1 Parameters of UPLC-ELSD method
Wi H E 214
N2 Agilent Poroshell 120 HILIC (3.0 mmx100 mm, 2.7 pm)
FEiR 30 °C
WA A K
WshAH B 0.05% 2] LG W
WL 0.8 mL/min
R 2 uL(R R M) . 6 nL(R R FUH)
ELSD FALHRE: 50 °C, ZERIAE: 70 °C, K f: 1.6 SLM, REEAIR: 40 Hz, FHT: 20, #35: 1
5[] /min B/%
0 85
B 5 790
9 70
9.1 85
13 85
AMER T ZNE KA W(50:50, V1)
ISR AL R 70
st 18] /min i34 /(mL/min) it 8] /min I /(mL/min)
0 0.19
0 0.1 1.78 0.19
LA 1.49 0.1 2.75 0.38
2.53 0.34 4.11 0.50
3.95 0.29 5.50 0.29
5.07 0.05 6.73 0.30
6.05 0 7.64 0.23
8.39 0
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Fig.1 The response of calibration solution 2 under different mobile phase system
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H 6 U SEHERE V- YA o A HE T LA T RS R
S hRUE, LAV IR S/ N 1) W6 Shy KR v CRRE SR OB, DA 1
FRAS R 22 5 R T R A A ME R . A IE TR 1
o, S RO ESR FOME A 110 £, I B 0 B
1.10-1=0.10, #MEEFEMIZ A 0.10 mL/min, LLHAEHE
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B 2.3.2 UM AU R MR I TR, $RUk T B kB
Gy RNHERE, BN EE R RE AT BOT A, DL log(WETHEIFR
Xt log(M ) AT o o ZUME 0.05~0.5 mg/mL
W, 2 ECh Y=1.3859X-0.3551, AHC R R R
0.9994; R MEALE 0.05~1.0 mg/mL & H, &t HEN
Y=1.4922X-1.0406 A5 2% H 0.9972. 73 HIEL 0.25 mg/mL
L FUBHRI SRR REIR RGESE 6 KRB SRR A, H
rh s ZUBE R B B TR X AR A DR 224 0.1%, W T R X A o

2R 0.76%; FME R B B A1 AH XA T i 254 0.03%, W T
FHXHRERZE N 0.70%, LA 0.025 mg/mL FBE | M.
TR = . R PURE AR IO A TR A VA, 0.025 mg/mL
AFUNE, FHIENE, EHIETE. EIE0UNE. HAERNE. &2
ISHERIZE ZE-LRIIR AR ST IR IR, 25 R LR 3,
#£ 0.025 mg/mL W FE T SRR BRI - {518 L (S/N) 1y
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3.5 HENERSERERMIIE

i 2.4 DI, IO 3 00 PATRER, ARG
BERE 2 Wk, MA@ RERANE 3 FiR . X TFARE LIRS
W AR R AT 1 A e T AR REUWE IZ IR A R AL b
WETEIRR, B 6 WBHR - IME, AR R th 2 it 5rs
FIANFRE BRI Hep, RA Wi RS A8
LML EL, W TPHE . LRRL =R ), ksl =
Ay BT AYFR Y, PRI W 435tk 2 AR S i p 2L = b
B &t AR TR —R 68 N LR IERAEE
LKA TR SR SR 0 T B A SRR S T A R
o MRREBER ) . RS FURER Ol 45 51 W3 4.

3 H A ISR = | SR VIR AR O S MR R A
TR ST T RS S RO MR . B
BB 0.05, 0.1, 0.25, 0.5 Fl 1.0 mg/mL IEAS bR
KR 1 Ik ORInAME)Zr JEAE, SRR = 1, T
(AR T IR 26 FH T T TR0 i v R TRE SR SR B i . TRESROMIERA:
Sl RS = U OB A AR 31.6% . 20.6%F1 3.0%;
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R2 OREMER
Table 2 Flow rate compensation

IR (aEE AN {5 ¥4 st ] /min VTR AR W T AR LR AMEZE 3 #/(mL /min)
ES 1.49 2973.7 1.10 0.10 0.10
TR 2.53 3624.1 1.34 0.34 0.34
1 TSR = b 3.95 3485.7 1.29 0.29 0.29
JE AL DU A 5.07 2842.0 1.05 0.05 0.05
FESR TUbE 6.05 2696.1 1 0 0
IR 1.78 3629.1 1.19 0.19 0.19
E 2 2.75 4226.3 1.38 0.38 0.38
FIFENE 4.11 4582.7 1.50 0.50 0.50
2 7z ZEDUR 5.50 3937.4 1.29 0.29 0.29
F TN 6.73 3976.0 1.30 0.30 0.30
E A 7.64 3766.6 1.23 0.23 0.23
HELE 8.39 3052.0 1 0 0
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500 6 2 EEWE 15.51 14.28 123
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= ey
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100
0
0 2 4 6 8 10 12
Hsf 6] /min
500 I B OEREG Y% SERESERY% RE%
9 L 21.73 20 1.73
= 400 01 9 M 21.58 20 1.58
@ 300 10 RS 19.42 20 058
= 200 11 JESR Uk 18.64 20 -1.36
12 FERAR 18.63 20 -1.37
100
I N
0 2 4 6 8 10 12
B (8] /min
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Fig.2 Chromatogram of oligosaccharides mixture standard after compensation of flow rate
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Fig.3 The chromatogram of 20 mg/mL GOS and FOS syrup after flow rate compensation
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R3 TREREEMRBIEE 0.025 mg/mL FHIEHRLL
Table 3 The S/N of different DP oligosaccharides at the
concentration of 0.025 mg/mL

UAsgy B W BE/(mg/mL) (G4
ES i 0.025 5.2
TN 0.025 9.3

RER =0 0.025 8.6

HESR PU b 0.025 6.5

HER LB 0.025 4.7
I 0.025 12.3
A ZFHE 0.025 5.5

FHE=NE 0.025 6.3

b 0.025 5.6

F T 0.025 8.1

B VAN 0.025 6.7

AN 0.025 6.1

F4 REREROHMRBEIABERGHERRESTNEL

Table 4 The mass profiling results of GOS and FOS syrup
(powder) with different DPs

GOS GOS GOS GOS GOS FOS FOS
B Bk

IRABE e w2 s B B2

SN
T
s8]
=¥
SN
g
s8]
X
HER
=
HER
DU

LS
Tk

19.5% 14.7% 19.5% 18.9% 20.0% - -

25.0% 25.4% 22.7% 32.1% 24.6% - -

11.3% 11.4% 103% 159% 18.9% - -

4.0% 7.7% 4.8% 53% 7.3% - -

B 59.8% 59.2% 57.3% 722% 10.8% 58.7% 80.3%

34.1% 33.9%

21.9% 40.4%

- - - - 2.7%  6.0%

ABIEFE LS KA IR A 2318 A [] 3R A B2 A 1R 2R
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R FUNER & i, A5 B ) 2R BE AR SR ) o
Aii o TT IR HERR . AR, R U B2 AR R A B
PRAEA TS BLT 00 AN TR SR 1) o o A1, X1
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