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Determination of total content and average degree of polymerization of
fructan in infant formula milk powder by enzyme
hydrolysis-anion chromatography
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ABSTRACT: Objective To establish an analytical method for the determination of the total content and average
polymerization degree of fructan in infant formula milk powder by enzymatic hydrolysis-anion chromatography.
Methods The fructan in the sample was hydrolyzed by enzyme to obtain fructose and glucose, which were
separated by PA1 anion exchange column, the total content of fructan was detected by pulse integral amperometric
detector, and the average degree of polymerization was calculated based on the ratio of fructose to glucose. Results
The linear relationship between fructose and glucose were good within the range of 0.25-25.00 mg/L (+>>0.999), the
recovery of fructan was 96.7%—104.1%, and the limit of detection of the method was 195 mg/kg and the limit of
quantitation was 650 mg/kg. In the actual sample determination, the relative standard deviations during daytime were
1.15%-3.87% (n=6). Conclusion This method has good sensitivity and precision, and can be used to determine the
total content and average polymerization degree of fructan in infant formula milk powder.

KEY WORDS: infant formula milk powder; enzyme hydrolysis-anion chromatography; fructan; average degree of

ESWE: | HRA R B A N JmEHE 5 H (2020C502)

Fund: Supported by the Science and Technology Project of Guangdong Bureau of Quality and Technical Supervision (2020CS02)

HEIEEE: WL, PO, TSRS O A B AR S B AR I, {3 AT . B-mail: 494333067@qq.com
*Corresponding author: HUANG Wei-Qian, Engineer, Guangzhou Inspection and Testing Certification Group Co., Ltd., Guangzhou 511447, China.
E-mail: 494333067@qq.com



9118 B2 A TR R I 2 e

12

polymerization

0 51 &

SR T KSR L Ao, T2 R 24
JURC B ) Rk B2 me O i B LR | R )
SR TR R SRR i AN (] 4 5 B A AR
RIS Z RT3 2. RRPE 247
TR ARG, T A b e i SRR b
T, DRI BE T AL R SR, (FR SR A N 18 )i AT
PIVE A 8 fi R B BB SR Y

BB Tk A A" —Beh 2 Fh: 265 1 Rl RERA)
FHSRMIEFEAS MRS M A SORAE . AT BE, R R SR

HERE b, JEBUER B, A ERARCR AL n=2~9);

5 2 PRl R A O R RIS . SRR a-
RBELL p-1.2 BlCEigE g, e HOAR S — A~ A bl ke i
I, 7373 CeHi06(CeH100s), (n=2~59), 73§45tk
UL 1, AN 4 AR 0 23 ) R SO L AR, e S
SR LR B R R P RS T

R4 ) LBCTT W R R R L FUBESE T P00 R
M p-FFUBE T A A RS FURE R A, PRl
AL B I D OB B, R SR SR 2 2R RO I K i SR
Bl AR, G SRR A LU (E, AT AR U SRR
BHRGWREFREE, MARKMNOEIE, 8 R
TR R R B

FIRTAE ORI RO (IR . 493 . 23R
i AT RO EEEU Akl xR
SR 5 A2 e PR DR R B PO 0 -8 225 X R
R=L VUL T AR T MR I X TR RO R A

CH,0H
0

'H,OH

2

OH HO
CH,0H

n

1T RENE

(0]
I
OH (6] @ (0]
OH on CH,OH
OH

AFEIRE e, AR GB 5009.255—2016€ & dh 2 4 [H AR
B A SRR E ) o G A A B — T Y
IR . 40 s 2 BRI 5 1 P2, AP R A
J3E ST A L g SR SR o AL AR ARG 7 A PR
FRRR IR b, TSN 2 R R SR it P A SRR
ARk, R AR

ABIEFER AT 7 S B 5, A0 2R SRR Y 25 4 4
s R MRS, I AR BCR A . G o 8 2R AR 45,
o3 5 R A - L AR, ST DN BRI B
K Jr vk, LIS B4 LECT5 8 dh o R SRl 5 9 1A
Kt =%

1 #MRI5H%

1.1 XHBE5RH

1CS-6000 & —F il A (Fepk sh B A 8, e Au
HLA%, 3E2[E Thermo Fisher Scientific 23 d)); Milli-Q Z &+
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Fig.1 Principles of fructan detection
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EBFIKE18.0 MQ-cm, B Milli-Q LB FK &A%
A8 ) o WHRAE R O T 65 7 1 B 4 LG T 05K o
1.2 XEWHE
121 A AH

SFHERRERE 2 A TE T FREX 25 mgCRE 1 = 0.01 mg)
MR T, IS FKEM, 45T 10 mL AT,
4 °CTRAE, WIE 141,

HAPHRR RS S A BCH]: FRIL 25 mg(F5H0 2 0.01 mg)
AR EY R, INEEFK, BIEEST 10 mL &5
W, 4 °CRRFE, AIICE 1 A~A .

RBWERHAW(S0 U/mL): FEHGE &SRR 2,
AEHE PR (0.2 mol/L, pH 4.5)F B 40 175(—20 °CHEFE).

FEMREA (4.5 U/mL): #4 FEME RV % T 66 mL Hk
% 4128 MR (100 mmol/L, pH 6.5)H1(—20 °CI7E).

B-2ERUBEHEEAW(500 U/mL): FREUEPEZ A 1000 U
1 B-EFLBEIFBEYE T 2.0 mL BERRERZE v W (0.1 mol/L,
pH 6.0)9, G & 500 U/mL (1) p-2F LA BEA L, I
FH HTEC

SN (15 mg/mL): FREL 0.150 g B Ao
f#F 10 mL 0.1 mol/L NaOH ¥ .

122 #Hongs

(D b IR

FRECELLNLIE T ks FE A 29 1~4 gCREBI S 0.001 g),
JITA 50~60 °Cilf /K %, FEH ZBRVASE pH 4.5+0.1, FI5E
2% 100 mL, ## 10 min, JE4%d 38 10000 r/min B
> 3 min),

(2)32 988 11 it i

P BB H UL 200 uL, HIAREVEEGA R 200 uL, FN
A 200 pL -2 ZLMEH T, BT 40 °Cx1 °CHEIRAKIRFEIR S,
150 r/min $&#% 60 min 5, FFLHKE 15 min K, AR
JE NI AL T 500 L, TRA]JEEF 40 °C+1 °CHEIEK
WA, 150 t/min JR$% 30 min 5, BURBHIEERIMA
1.0 mL 0.5 mol/L ZFRIFWR5## & 10 min, FHAIA 1.00 mL
RRMERA W, WIEIRZIRS, BT 40 °Cxl °ClEE/KE
FER P YRTE 45 min J5, TFZBKIE 15 min K, BHEE
IR, EAZE 10.0 mL, £ 0.45 um KM E, 1R AR
o IR A (41505
123 &#4%t

gL Thermo PA1 BH & F384HE(250 mmx4 mm,
10 pm A7 FEE); RDgR: BKOhBU 25K, Au R,
MEWE: A F 0.15 mol/L NaOH ¥, B ¥ 0.15 mol/L
NaOH+1.0 mol/L ZFREATRAVETR, C HaliuK; Wpesh i
FLF: 0.0~14.0 min, 20% A+80% C; 14.1~17.0 min, 100% B;
17.1~20.0 min, 100% C; 20.1~30.0 min, 20% A+80% C; i
B 1.20 mL/min; i 30 °C; ¥EFERE 10 pL,
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2.1 REEMHRNEE

TR — 2K HER T i D R M, B R B SR
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R T VAR P ) SR, TR FH AR M K AR HE IR
RN S g O i SR S D N 1T @723 S N7 e i /1
Y. H AR R AR LB RN AR E A
AR UTTERIBC RS . TS . BB LIRS
4 A AT 5 B WK AR DL BRSBTS R, A HLIE
AN 25 ) B T IE RCR B, (R T RE ) 8 1 3
1o VITE RN AR B 51 2368 BB F 28 ¥tk r= A v e, g
T (o FH U8 B O MFEM, FEM AR S, HANH E R
o VABR(ZTR) Y pH 55 i SR T 5, W S Rk B2
K 3% (V:V), HARZWSLE A PENL o> B R R o Boali LR 4l
KB, FERORM, S ARZ TP, BT LAAE
K EIEERR 3% (V) L TR/K VAR,
22 BUEHREE

BT, KR P R 2% 5 B0 T B2 %ot SRR |
IR o B E AR T . R BRI T SLge b, &
BIRFAREAGAEFE . C g BIARAEIH 4k . RP [ AHAE O
Al 3 b B, HARULIE 2, e, 3 Fhab
5 B T A T U T A — B0 T LAAR A ST S B AN e A b B
23 HERIRERIERE

285055, PAL AT R ¥ 30 mmol/L
IF, SR, BAETE 14 min N SERTEI BL5E 40 e, ik
WA FE AT S, 30 mmol/L, AR i e ml i F S bk vk
R (L TREN-F AR A TR th e (s A, LAIHEBREE & rp
T T —RES BT o BT LA HIF 53 308 B 90 Tk v 0k 3
30 mmol/L,

24 RREHIEE

RS8R A B A AL AR R AR A R
IR L, R FUE, HEs B 45 A, vl R X
ZS BRI SR I BRI LA R T . AR TRR
FUBHE AL AN I8 SRR o 7EIRJEET E] 7 30 min B, fIIA 5.
10, 15, 20. 25 mg/mL FIBIEALENIETR, 430002 ARk
FETF RN RS, G55, B I SRR B 1,
VR, SRR AR 15 mg/mL 5, )7
FIATA . T LAEBRC R BN 15 mg/mL.

TERJERIMR S 15 mg/mL B, J3S05EH ik 5 E]
20, 30. 45. 60 min [WiRJFERR . Y8 JRATEIZE 30 min B,
BRI TE 100%, 0FEHCR AR, B LIS B
i JEATE] A 30 min
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Fig.2 Comparison of chromatograms of 3 kinds of treatments

RPEESRERI A LAHRE R IR TR TN, THURRLsE,
ABIFS I PR R PO RIS LA TR UE 43 TS H 3 443 10.0 mg/mL
FRTRER PRI 200 pL, ARSI EALENAI 500 L,
oAt SRS ERIS R 20 MHAEERH 9.96 mg/mL, FHXAR
W25 (relative standard deviations, RSDs) (n=3)"4 0.96%., ilHz
SRR IR T A5
2.5 FEFHIE
251 KRMFAERAEERHK

G BIXT F2 5 e B S | AR TR A AR v AR
TP, DASRE . g ik Y I RWE X
(mg/L)#EATERE R, 155 2 R fE, 2R L%
1o HEEMEMEE R BIF(2>0.999), L 3 355 H(S/N)H

=1

AL ES A PR (limits of detection, LODs), &5 ILEE 1,
LODs 7£ 0.058~0.088 mg/L Z 1], FHIUEH R B S, wIH
THBE . A E AT, IR E LA 3,
252 FHEABRAZER

AJ5 L AR = ) R S o 5 5%, @il R
B3, AR ER SR, DR L (S/IN) 3 f%.
10 fE5THSALERAS H PR AR PR, 255 i b BIAE 7 B
FEEL(LA 2000 £511) DL B AR BH 093058 250D 0.931), 1H5E
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R E AT
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Table 1 Linear ranges, linear equations, correlation coefficients, LODs of fructose and glucose
A LR PEVEE/(mg/L) Rt P LODs/(mg/L)
ke 0.25~25.00 7=0.87046X-0.22582 0.9997 0.058
Sk 0.25~25.00 Y=0.59645X-0.16356 0.9998 0.088
100
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80 | <
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i o g
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Standard chromatogram of fructose and glucose
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253 @ikE 2.6 SCRRAEAS

AP JLRE 7 S 7 L A WA 7 YK T B T S0 L
Y, AT EICRIN, AT 2 R, SR 2, 4 Fr Uy e SR 1 2 e KT B A R, SRR 3
FW, BCRAE 96.7%~104.1% Z ], W2 GBIT  frpeky mb i, 2500 L% 3. S5 R RMI4LE 3 d KoIlHg
27417—2017 { G HEIFE A5 0T 7 LB IR B e TS /) A7 1 I 2% (relative standard deviation, RSDs) (n=6)H
BHSE A FIER ALY 95%~105%FR . 1.15%~3.87%, £ HEHA RITFHNREHE.

F2 EWEERMRAER

Table 2 Recoveries results

¥ N g ¥ 34 #* R i ] i
j SRR 2K S i ) AN S Rl R AT v Al 22 i ikl 42 i
=2 /(g/100 g) 1% /% /(g/100 g) /(g/100 g)
1 TR+ 2 R (1+1) 0.5 104.1 0.8 0.120 0.384 3.22
2 TR+ 2 8 (1+1) 1.0 101.0 3.6 0.236 0.763 3.21
3 (RS2 43 (1+1) 2.0 102.4 1.0 0.470 1.505 3.20
4 AR SR ME+28 43 (1+3) 4.0 98.9 0.8 0.697 3.443 4.96
5 R IE+ZE R (3+1) 4.0 102.3 2.8 0.970 3.023 3.14
6 IR BE+25 0 (1+5) 3.0 100.9 22 1.045 5.358 5.16
7 IR BE+25 0 (5+1) 3.0 103.7 1.6 1.503 4.458 2.94
8 R+ 2 R (1+1) 1.0 98.2 3.0 0.081 0.997 12.60
9 R+ 2 RIAHE(1+3) 3.0 96.7 0.7 0.280 3.975 14.09
I ,
o TRRRBRAE 2R 3.0 97.8 0.7 0.276 2912 10.59
(1+1+1)
#=3 BEEMNRERN=6)
Table 3 Precision test results (n=6)
FE i KH/d BRI R /(2/100 g) RSDs/% R ERA
1.382
1
1.348
R f* ) 1.374 L8 $85E (1330 ¢/100 g 10
QC-IP-715 1352 ' (IERSRARHE)
1.358
3
1.312
3.481
1
3.382
3.462 WIRfi: 3.000 g/100
Yk 2 1.15 Hni o N & 4.12
3.394 (1&%%%*‘1%%)
3.412
3

3.446
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= 3(8)
FE ity KE/d SIRERBE S E/(g/100 g) RSDs/% EREAIEH FHIREE
1.975
1
1.932
HH/RME: 1.827 g/100 g
Ly 2.012
ijujfb 2 1.69 (RERIRHE 1.352 /100 g £ 8.56
i 1.959 5 HUEE 0.475 /100 g)
1.981
3
1.922
0.654
1
0.670
B 77 {1
EINyn 0.646 7~ A :
ik 2 3.87 0.590 g/100 g 20.58
0.639 (ZRHH)
0.707
3
0.685
AR s AP E bR iEZE  0.161 g/100 g
028302
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