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W E: B @ —FsSORAH 6% -8 &L HUS ¥ (high performance liquid chromatography-evaporative
light scattering, HPLC-ELSD)ll & & BEZL B SE0E . 40 . oM. 2 29 meLiim o trorik. B MR
ZONEKPEH, WS BRI, RA XBridge BT AR (250 mmx4.6 mm, 3.5 pm)srE. LLZRE K
(75:25, V:V) YEIRSIAH, WEh 1.0 mL/min, ZEA0GKIN &R SECHIERE RN 65 °C, AL 30 psi,
SMREER . GRS FIHETE 0.1~1.0 mg/mL ¥R BEJE R N A AME RAF, HHOCREEIRT 0.999, KihER 7y 0.05~0.2
g/100 g, A5 b BCRTE 92.5%~97.5% 2 [A], AH T 4% #E f 22 (relative standard deviation, RSD)¥J/NF
2.8%(n=6). LEIE Xy ILHTALFEE N RGO SRR R, 3T R WL OR R RO . R L RN
Az AN ZLRE ) S SR A I

KB F OB - 28 ROCHUNTE; RIEFLUORE, R0, AN RERE AR 3N

Determination of S kinds sugars in fermented milk drink by high
performance liquid chromatography-evaporative light scattering
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ABSTRACT: Objective To establish a method for determination of fructose, glucose, sucrose, maltose and lactose
in fermented milk drink by high performance liquid chromatography-evaporative light scattering (HPLC-ELSD).
Methods The samples were extracted by acetonitrile-water, and detected on the machine after flittered membrane.
The separation of targeted compounds was performed on a XBridge sugar analysis chromatography column (250
mmx4.6 mm, 3.5 pum) using acetonitrile-water (75:25, V:V) as mobile phase. The flow rate was 1 mL/min, the
parameters of the evaporative photodetector were a drift tube temperature of 65 °C and a nitrogen pressure of 30 psi.
And samples were quantified by external standard method. Results The 5 kinds of sugars had good linearity in the
concentration range of 0.1-1.0 mg/mL, the correlation coefficient was greater than 0.999, the limit of detection was
0.05-0.2 g/100 g, and the standard recovery rate was between 92.5%-97.5%, and relative standard deviation (RSD)
were less than 2.8% (n=6). Conclusion This method has the advantages of simple pretreatment, high sensitivity and
fast detection speed, which is suitable for quantitative detection of fructose, glucose, sucrose, maltose and lactose in
fermented milk beverages.
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fructose; glucose; sucrose; maltose; lactose

1 51 5§

W25 (carbohydrate) /& C., H. O 3 FhoeEA M4
YRS, ol R0, BRI s A i
A ZCELEM . AR —UNEsh, Gk
BN o] SRR N FERE I, X LE AR R IR AR
HBERIR ALY . Y MB35 77 A — R AR AR, 15]
=y, ARIMKE . 5. SR, WTSeAEk T AR
K- R, &R A ORI E, 2R b
FabR, BIR T &R, W . BERG . IEREESEN ),
PRI, X £ OB RO R AN S R T . R AR
D X B it 22 A N IR AR RS A B A X

HT, &5 oIy v AR e
5. WA I A OB (3578 ZE T O6T 55 o BTk
itk 3k A e 2R T S0 WK R 2 2R S B A3 7K A 1 A 2
R 2 S BON E B S5 R i, JF BB 45 A R Y
B, 7 HAR S AR 52 B B v A 5 52 B il
JE A I ] R S AR AR D R R, R N 2 R
MRS, Wi b R R A A 2 KRB E 1L & W b B
— 4141, I HAGI 2 R AS 5y 2 B0 Wl 0 T M L e 4 114 52
(81 ORI 18 2 B M 0 S R O L T S 2
AR I 5 Y B B, TSR, S5 AT, HRAEMEA,
(7 Fof S 00 ek B8 00 A8 A A o UK, 2 52 B S AR B
SEAFI SR, HE I A RS . R BUE R,
RORBRAHAE o Z8 A OCEE R 85 27 22 4 e 25 7Y
FRAERARND, T DL IAAS DU AT Ao 2 J VAR T 00 2l A B R
X 3t SIAH (4 2 BAS BURR, AT AR BE R, R R B
B TREIIEAME, KRR 1070 g 4K,
ZE R GRS, DN 32 32 S 107 PR £t 2 A LA R v 24 s A
SO e LRI AG I b PR 2D

AW 5T R R SO AR 3% - 78 O B (high
performance liquid chromatography-evaporative  light
scattering, HPLC-ELSD)I & & % LK g S i . 444
Bl RERE . ZERERFUR I i, DUBIBRSE RN — AR
HLOMERG . EEEIR] I E 2 R S T

2 HHSHE

2.1 {5
2695 RIS RORAH G IS R SE, BT 2424 B ELSD Kl %
(G5 Bl PR 20 ] ); BP211D HL T RSP (11 38 22 R T 4E 1A
genius 3 WHEMRG# (MR 5 AR A BRA A);
Microfuge 20 & & B0l (G5 DL7E 220 w]).,
RIRERR I 6 (99.7%) . D-SMbRIE AR (= 99.7%) . THE

PEPRIE S (= 99.9%) . 22 ZEMEPRIE T (= 99.4%); FLAHHRIE S
(=94%)(fE ¥ Dr.ehrenstorfer GmbH A 7)),

(%4, 56 Fisher 22 )); 0.45 pm A HLIEAR (K
AR A R, TR EHACH Milli-Q #B4liK R G4 o

TR FL ORI S B T
22 LWHE
22.1 iR

oM. HIATRE . RERE . RN FLBRIR A ARMERE R
(10 mg/mL): ZFBIAEFIFREL 100 mg 24 Z 8 T it i
WL R | RERE | 2 ZENE R LR AL, F 2K (2575,
VBB ER R 10 mL, 61T 4 °COKAE#R .

MR IR . REME . ZZEEE . FLMHE SR ME TR
W HETRRI IR A ARG 0.1, 0.2, 0.4, 0.5,
1.0 mL, FHZM5:7K(25:75, V:V) IIRERZE 10 mL, ZbR
HERFI R EIWE 54 0.1, 0.2, 0.4, 0.5, 1.0 mg/mL,
e Y T 1
222 AT

FRIL 5.0 g(F5 T 25 0.01 g) K FFFLCRL T 50 mL 25t ff
H, A 20 mL KR, REIRS), EiR RS
20 min, BHEZRIG, A 20 mL ZIEUIEEH, 75,
FE 20 min, FFEAVEREHAKES. BRBHBRT
5000 r/min F 5.0 10 min, JEACILIESS 2 0.45 um A HLIENE
g, R
223 R EE-EL AW E L

1) AR 4

Waters XBridge ##:(250 mmx4.6 mm, 3.5um), #ish
tH: ZHE-7K(75:25, V:V), HEFEARFR: 10 pL, #Ei: 35 °C,

2) ZR KK AR S

A R AR 200,
3 HR57H

3.1 HHEGIEFRGNRK

1) FshA L

Vi e S 87 ) o 1 3 B 2 3 1
SIMI(ZAE 7K=70:30, V:V), FsHI(ZAE:7K=75:25, V:V),
WA 7k =80:20, V:V); FZEA R shANRL L 1) 4%
PEXT 5 R A3 BRI . W 0.5 mg/mL
PSR . HERRE . REME . 22 2PN LR TR A bR T A
AN B S AR SR B AT 408, AR L3R 1.

R 1 FTUAS S, BEE TahAE A MU L n, 5
T2 i U (10 O BRI TRDSEE S5, 43 B BE S s BRI o s A v Ay
BURR R A, 5 e i) 43 25 BEREAIR, HL 53125 s 1] B =2 i/,
g3 A, 0 W Y 0 ST /N o Y 3 Sl AR F B 20 K
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=75:25(V:V)iF, 5 Bl 20 B8RS AR, H ARG IR X
FrEARBE, I Eaa 7 [ A i s o

2) s AR

& 8 WS AH Lo 1)y 2 1% K =75:25(V:V), T3 s
T, 433 P e AR A (A% 5 0.8.0.9.1.0 mL/min, %
SN[V SHAH I R - (35 TR R R, SR AR 2.

% 2 &R,  BEE WA T 3, 5
FiOBiEBl 43 25 R A B IR s /b, O HLERRE IS 35 2 L2k 43
B, Ik, ARSIk AW EY 1.0 mL/min,

L Bk, ARBEIE A LS O 20 K
=75:25(V:V), Jiii# 1.0 mL/min,

3.2 EENKN[EEHL

ZE R IR IR B A0 AT L MRS A B b
3 TR T RE S AR A TS B RS
A Ak, B A IR AR T ORI B o A L R A A
PEWHE, A RS AR T AR 1 28 R A
AP v R 2 R B, TR AR ORE Vs S 5 ARG e )
32,1 EBEBREMA

ARSI 2 4T AN [ (A A T T AR 0 e {1 5
Wi o AR FERUE TR 30 psi, A1 S R (0 RS A T 43 Ry
50, 55, 60, 65. 70 °C, ¥EFHHE N 0.5 mg/mL HIIRA
FRUEV T E AL, WAER o s I 0 T AR AR (A Ol . 3256
RN 3 FR, ERAT TR X 04 A 5 M 32 B R A
X FEERME R (52 o Y RENIRE & AR R e AR A
i, b 2R TR DRI 58 o 7 790 ) 442 2 8 S A1 3 5 1Y
bl BB TS, AR AR AR g, W
B, A RN R S ER RS IR BE A 50~70 °CZ [RIE, U
AR T RS, (AU NRRIRE A, YiEBEHE X
F 60 °CHt, AEAbARAATF T2, IR A TR R, ¥
R R SR GE 4, FLERAIAEE, LA 9T 2 AL

TN 65 °C,
322 RAEAHA

AW FE 2 5T AS [R5 4L 1) 5%
Wi, [ R AR E S 65 °C, TE A SRS 20,
30, 40, 50 psi. SLIGEERANIFE 4 PR, FHPENT G
T U ) 7 L 1 5 ) AH R TR RS B R R U B S
AWM ESEE PR T ERZ S, 45 R4
14 35 A0 S RE S T UE A 11 0 14 2035 0 1 YR AT R %5
RSS2 R SR S ad /NG, ki TR 55 AN TR 4,
MASIEI RN, RS REEEYHE, [F5EE
Bl B . 2SASE T 20 psi WM ZE 50 psi B, 5
TR 041 M Lo Bt 25 200K 0 38 n 2 B SO AR ) A
b, ARSI N 30 psi B, [FMe RS, PRI, AR5
PR SE SN 30 psio
3.3 FERZMTEE & HR

SWE . EEIRE . RN . 22 IR LI AR AR T AR
WY 51 0.1, 0.2, 0.4, 0.5, 1.0 mg/mL, WA iYL
HIZHCN ZAE:7K=75:25(V:V) . i 1.0 mL/min; %% Y6k
2SS BON BT ST 30 psi, EEREIRIEJ 65 °C, Wik
200, #ELL B4R AT E o DhAS A A Y B R VR E
(mg/mL)FXTEE X REAR R, AR () £33 06 1 AL )
BAE Y NARARE bR 2R o 25 S0, 5 Bl g I vk
FEAE 0.1~1.0 mg/mL YL NA RAFLMEXR@E >
0.999)!171 LRk 8]y A KR G BB 5 SR | AT
THEME | 22 ZRME AU ARG SR L3 5. 5 R IR S hn iR
WOREN 1.0 mg/mL)FEELE 1(a), 50 E ILE
1(b)o HHE 1) w15, bl BB, K. 22 200 3L
A5 B2 B TE] 4351 6.892, 8.053. 11.135, 13.203. 14.105
min. HHE 1(b)AT45, M. EaE. WM. 222000 2 Lpk
4 € T e 2 ST/, AT DAREA T v o e A

F=1 REBLEHIXT S BRI

Table 1 Effect of flow comparison on separation effect

BN AL BRI TR BIAHTIT
43 Bt ] /min 10.0 15.0 27.0
5 B I S B FIERE LR Q@ EIEIEIR S E 5 A ARSI R RIIEA S, 5 Wﬁé%ﬂj‘éﬂhﬁﬂ%&ﬁ%
B, RIXFNILA T E HABEE R>1.5 I3 B E B BRI
Fz2 REERENSBHRAEME
Table 2 Effect of mobile phase flow rate on separation effect
i N HH i /(mL/min) 0.8 0.9 1.0
43 Hr Bt [A]/min 30.0 24.0 15.0
5 Rl 0 A B 1 0 5RO CIRIERIA BT S MR @ISR IR BRSSPI Ik B IR A
3 EBEIREXEINNEEERM N
Table 3 Effect of drift tube temperature on detection response
R EE/°C 50 55 60 65 70
JHEIE EIFR/(uV/S) 14727257 14725260 14725350 14725210 14725173
M 75 /v 1721 2372 3094 3395 5613
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F= 4 REEHFHHENNG R EREME H AR XF AR UE f 22 (relative standard deviation, RSD) 2}y
Table 4 Effect of nitrogen pressure on detection response 1.2%~2.8%. RSD < 3.0%, %52 GB/T 27404-2008" 7t 5 F
RAEES1/(psi) 20 30 40 50 B EER
{5 H.(SIN) 9.87 17.35 13.28 12.91 3.5 SCRRAESIGE
N SR T2 LAk H 1 2 J0 2 BT T I 3 14 B it
34 EWERETESR RREFLORIEA I . 25 R, FRIARAG R BEL R

7 P 1 AR AL B 25 A LA B AR SIS AR AR S (R A8 251, FHEEN 0.105 g/100 g, HIZGHE T HN 1.74 /100 g, REBH S
SrEERE R SIS 3 FRIREE AR IR, AT BN 114 g/100 g, NEB 2R, PR 50233 g/100 g,
G 78 B R MR RS o 3R 6 HP 2 SR T LIASH, S FRBRAAIC BTGt B R EATINAE 6 REEFEAF-39{H, RSD {E 451 21
R 3 AR R RIS R 92.5%~97.5%, EATINAE 6 1K, W 1.3%, %0 1.7%, HEME 1.5%, FLHF 0.94%.

®5 KMSBIRUR

Table 5 Linearity parameters and detection limits

Hoy 2% VL FEl/(mg/mL) By R FREL R /(2/100 g)
e 0.1~1.0 Y=0.289X+5.846 0.9998 0.1
A5 0.1~1.0 Y=0.286X+5.849 0.9998 0.1
i 0.1~1.0 Y=0.291X+5.848 0.9999 0.1
Ea i 0.1~1.0 Y=0.294X+5.839 0.9998 0.05
v 0.1~1.0 Y=0.294X+5.844 0.9997 0.2
1600.00 | a e
1400.00 S ¥
™ '
™
E 1200.00 b 2 5,
e
& 1000.00 9 g
o5 =
Z 800.00
£ 600.00
400.00
200.00
0.00 t LJ } A
0.00 200 400 600 800 1000 1200 1400 1600 18.00 20.00
B[] /min
35000 | b 5
300.00 -
¥
o 250.00 -
3 200.00
= :
E 15000 g~
E & 3 R
100.00 2 o =
w ' '
g - =
50.00 - -
E ol
0.00 L 4 ‘.]— t — AT
L T T T T | B e B S B S B B S S e |

0.00 2.00 4.00 6.00 8.00 10.00  12.00 1400 16.00 18.00 20.00
i} ] /min

15 Rl g
Fig. Chromatogram of 5 kinds of sugars
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Table 6 Precision and recovery rate test results (n=6)

414 AN bRE WEE DR RSD/%
/(g/100 g) /(g/100g) /(g/100g) /%
0.2 0.292 93.5 23
P 0.105 0.6 0.685 96.7 2.1
1.0 1.080 97.5 1.5
0.2 1.929 94.5 2.7
ki 1.74 0.6 2.315 95.8 1.9
1.0 2714 97.4 12
0.2 1.325 925 238
iR 1.14 0.6 1.723 97.2 1.4
1.0 2.099 95.9 1.7
0.2 0.187 93.5 1.9
E 0.00 0.6 0.582 97.0 2.1
1.0 0.963 96.3 1.8
0.2 0.422 94.5 1.4
Ak 0.233 0.6 0.804 95.2 2.6
1.0 1.204 97.1 12
4 % it

AT T (0 RCHRAR 833 - 268 R S HBURT 1 [ e )
REEFLIORI R S0 . ATRE . RERE . PR &
it AL RIS B KA RGN, I DTIET,
CE K(75:25, VPR B, i 1.0 mL/min,
Waters XBridge Hio#r @it (250 mmx4.6 mm, 3.5 pum)
GrES, ZERCKIMSR S BN EIRE 65 °C, AL
30 psio

AT B MR BB RS W%
BERAF AL, D S5 R M R Ry, R
i, R R IR 2P0t 10 F5LLE, [FEF SR T
TNETCRNER 5 52 IR A2 i i s, v R Rl &
FEZLr ao0E . wAhE . RERE . E PRGN SR
& Ak
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