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Determination of Fructooligosaccharides and Raffinose in Infant
Formula by High Performance Liquid Chromatography with
Evaporative Light Scattering Detector

Man-Sub Shin, Jae-Woo Park, Mi-Ran Cho, Sung-Ok Song, Chun-Sun Kim, Chun-Bae Choi,
Seoung-Won Lee, Ki-Woong Lee', Chi-Hoon Chang', and Byung-Man Kwak"*
National Veterinary Research and Quarantine Service
'Research and Development Center. Namyvang Dairy Products Corporation

Abstract A method was developed for the determination of fructooligosaccharides and raffinose contents in infant
formula. The samples were extracted and analyzed by liquid chromatography equipped with carbohydrate column and
evaporative light scattering detector. The mobile phase used for the gradient mode was water-acetonitrile, at a flow rate
of 1.0 mL/min. The method showed a mean recovery of 95-99%, the relative standard deviation obtained in the precision
study was 0.774-8.982%, the quantification and detection limits were 25-50 mg/L.
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Fig. 1. Molecular structures of the fructooligosaccharides (FOS) and raffinose that were quantified.

RI detectors AM§-3h= WO 2 7]|zx|o] Ar) 71| FE4
<l RI detectors ©]&-3F AW 2%9] HA3), 7]187] &uf
Ag-oll A7} Qlch

£ dFddAMe /el 71548 HELE Fie 2229 RE
1-kestose, raffinose, nystose 2 1"-B-fiuctofuranosylnystose= 241
&t7] Slele] F7]8k3Akek 7] & 7] (Evaporative Light Scattering
Detector, ELSD)E Al &}9it}h. ELSDE Z#S 533 &g
Aa7t2g ERAA g YR4E FAste] ARG 24
g YR F oled 7IskEx, AFE vAg Al AL
glo|A 2 FEaHA A EE MRS HEI 573kt
BHE7)e olsdHT Fiyo] B AEX 4o 7led #
Aol Atk = RI detectorBth AEIHA7} W, Algeo] 33}
2 BEAov Algrt 7KK = Is7ieh Aelel HEe] 7t
T8, o]/ A WslE & 4 7] wiel 71€7] o
wEE *}%3}04 53 4E719 2= 2 4=E€E WsiiA
A 24 248 At s

Tz o

HEE

A% AEE AR AEE ZEZE| Y] 700 mg/100 g, 2
27} 300 mg/100 0] HAIE NARS] Hfo} blank %80
NAR f71% &7 194IE ARBeIlch 34 2 AF £42 9
dle AM8¥ EFHFOZE 1-kestose, raffinose, nystose = 1'-p-
fructofuranosylnystosea SupelcoAk(Bellefonte, PA USA)°IA] %)
ato] A&kt

2 ovke] Alefe 2 HPLCE H,0, acetonitrile, absolute ethanol,
chloroform+> MerckAHDarmstadt, Germany)ol|A] HPLC grade:‘i
TUsle] ARSI S8 oxalic acidE SHAIFS ARREIQITE X
% Bamstead EASY pure system(Dubuque, lowa, USA)o]
olale] 180MQ FEoR FAE & AMEEISith

EEE =X

Z}zte] EF 200 mge H S| Yol THI ol 20mL
(10,000 mg/L)Z 3t} o2 z}zk 2 mLe Fsle] THSE 20mL
(1,000 mg/L)2 EFHEFENE ZAFI) o] EFETEYE 50,

100, 200, 400, 800 uL& sk, THTE 1 mLe| A 3|43}
o EF FAL s, A3 DU ZA] wEo] ARSI
th 200, 2,000 pgml TEE EFHEFLEN S T Azl
ELSD®} RID #Z7]9] 7= vlar A3lo] AMg-a19]ch

Hlsls A

A7181% AYe blank HWE ARl 2210 B8 400mglL
SE2 ZAY EEed Inle W T AN ge AR
sk U3 Aziste] FFslch. 2 At e olgsiel W7t
e 1F0R H5ES A

AEH3H =H|

ANE FAE 158 0.lmg77};<] s 1‘] ate] S0mL screw-
= 80 1 98X Z/4F
mL, 95% ethanol SmLE 27, Th S A A *“740]7] -r]
&l 5% oxalic acid 0.5 mL-E H&t). I—Ev—;ﬁi vortexdto] # 5<]
- SE7F shakingdlith FHFE 20mLE @37, A4
o] & HAkEA 3171 2l8iA chloroform 10 mLE 7}3H %
vortex¥FCE. 13,000 pmell A 10827+ 14188 & oS
o] 02um NY filterS F3A)A A1FEAS xA3 2 7]7
Aol ol &sttt. &, ANl FHRULS & 23+2°C,
% 50+ 5% S8 airt.
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2 A7 Ayl 23 &2|l1d #4> HPLC(Agilent
1100, Palo Alto, CA, USAYS- AM&-31%ich ZA#-8 Prevail™ Car-
bohydrate ES, 5um, 4.6 x250 mm< AREsllon, #gl L=
30°C, ©]E54S 1.0mL/ming] §42 2 acetonitrile(solvent A)#}
H,O(solvent B)2] 27F4] &-ufj& AR&-8led 0-28 minZ}#] solvent B
25%, 38 minZ}#] solvent B 40%, 45minZ}A| solvent B 45%,
45.01-50 min7F4] solvent B 50%, post time 103 &<t solvent B
20%2| gradient programe #HAJste] #A15190ck H&7]= ELSD
(Alltech, Deerfield, IL, USA)E A2-5l%] wbe temperature 90°C,
N, gas flow 2.0 L/min, gain 12 3% 3}e] #4]&}9Ick(Table 1).

Refractive index(RI) detector(Agilent 1100, Palo Alto, CA,
USAYE AHg-Ste] ELSDete] A& vlwsieict dd 3 29



HPLC-ELSDE ©]8-3F 24| 2§ < Fructooligosaccharides 2! Raffinose 14

Table 1. HPLC/ELSD conditions for analysis of fructooligo-
saccharides and raffinose
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Table 4. LOD and LOQ of fructooligosaccharides and raffinose

LOD LOQ UL
HPLC(HP 1100) with ELSD AT GTiG Eat (ng/mL) (ginly M
Column Prevail ™ Carbohydrate ES, 5 im, 4.6 x 250 mm 1-kestose 50 43 100 14.4
Mobile phase  A: acetonitrile, B: water (gradient mode) raffinose 50 35 100 10.9
: Time: 0 28 38 45 50 nystose 25 2.7 50 8.5
Gradient 0B 252 4550 e . ; 3
/0B:252540455 1'-B-fructofuranosylnystose 25 2.8 50 9.1
Flow rate 1.0 mL/m'n ol ; :
'Signal to noise ratio.
Column Temp. 30°C
Detector ELSD (tube temp. 90°C, N, gas flow 2.0 L/min, gain 1)
Bt & Aol ARR3E MRS o838l 24 tidEZ

=¥ ELSD #4 =73 FdaiA silen o|§d2 RIDY
gradient program-=- *}—‘}-?} T gli= dHI7F Qo] acetonitrile : H,O
(75 : 25, v/v) isocratic 2702 HA3le] H]walc).

LOD, LOQ &H

Signal to noise ratio(S/N ratio)7} 3/1°] %= &%=5 LOD=Z, 10/
0] ¥+ 55 LOQZ H3EISITth SN ratior= Chemstation soft-
ware(Agilent 1100, Palo Alto, CA, USA)E AR&-35le] A &l9]c).

ASAIZE H|AE

SHEFE Al 7} raffinose 300 mg/100 g, fructooligosaccharides 700
mg/100 g3l EFAIES ARSsl] 7 APANA & ﬁ?"ﬂ’ﬂ A
Agk Axalel NEAzHoR 53] Ao Wi, XEHEx)
FiEFEE SA4ste] Blasigith

AE 78 B9 =HMERHAMe]

AlFeA 5 9 2AR raffinose®} fructooligosaccha-
rides® $HH3 AF 6% U3t B AollA A3 HA
2 771z 2 AT

2|0 24
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Table 2. Recoveries of FOS and raffinose in spiked samples (n = 5)

Sol9A e FARS EFE B

HA 7] RSDEES 0.774-8.982%,

] T

A F7isle] 348 AES ol-fz-ltlz

= Table 20419} 74o] F-5 AJ7ke] RSDAE 0.061-0.414%,
3]

Bl

E&=7F Z42F 200 ug/mL7t &
BT 53] gHEsigen, 2

82 95-99%= A E|Qic)

HPLC-ELSDO|| o|st Z=&EHE9) EZ:—-E—* B3 g
AL AAE7) 28] EFRETE<lL 50, 100, 200, 400, 800

pg/ml FEE A Zsle] AL8-319
& st prue gRie

]%ng OO]'Q‘_O}?)\E] AEM] ,< é

]_

T"tble l°| BMzAog o

Asglen, A5 A 4
2 quadratic curve® AL ©olF A
212 Table 33} 7t

2exle] A= 0.999

BMz=0| 2 limit of detection(LOD), limit of quantifi-

cation(LOQ) =2l

ol 4FE J71RHzAe] AEEA L AFAAS 78
At} 1-kestose, raffinose®] LODE 50 ug/mlL, nystose, 1'-f-

fructofuranosylnystose= 25 ug/mL=

nose2] LOQ 100 pg/mL, nystose,

50 pg/mL 2 -4 = A TH(Table 4).

YERES ™, |-kestose, raffi-

1"-B-fructofuranosyInystose =

HPLC-ELSD2t RID HE7[e| Z=H|1
= Aol AR S713RAIHE7)(ELSD)S] s} dnk

A9l G F2 AgE e

A2 E A E 7 (refractive

index detector)= W] sl l;i_OLr:} Fig. 29 Ax E§3a89 200

pg/mLE ELSDZ 548 AZnpgEadoln, B FAEE ELSD

Compound name

2 2 ' h . 2) sivs 10
(amount=200 ug/mL) Retention time (min) RSD Area mean RSD Recovery (%)
1-kestose 24335 0.395 295.6 1.475 98.17 +2.6"
raffinose 26.136 0414 216.0 8.982 99.63+2.2
nystose 36.244 0.132 456.6 0.774 9577 £2.2
1"-B-fructofuranosylnystose 40.599 0.061 281.3 2.021 95.01+28

"Relative standard deviation of retention time (min).
“Relative standard deviation of area.
“Shown values are mean = standard deviation.

Table 3. Calibration curve equation of fructooligosaccharides and raffinose (n =5)

Compound name Calibration curve equation' Correlation coefficient (R%)
1-kestose Y =0.0056X*+ 0.7960X — 7.115 1.0000
raffinose Y =0.0047X*+ 0.6100X +3.966 0.9999
nystose Y =0.0067X>+ 1.1785X — 2.247 1.0000
1"-B-fructofuranosylnystose Y =0.0043X7+0.8631X - 13.26 1.0000

UCurve type: Quadratic, Y: area, X: amount (pg/mL).
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Fig. 2. HPLC-ELSD chromatogram of fructooligosaccharides, raffinose standards, blank infant formula, and infant formula sample
(Prevail™ Carbohydrate ES column, 5 um, 4.6 x 250 mm, Gradient mobile phase 75% to 50% Acetonitrile in H,O, flow rate 1.0 mL/
min). A: fructooligosaccharides and raffinose standards (200 pug/mL), B: blank infant formula, C: infant formula, a: 1-kestose, b: raffinose, c.:

nystose, d: 1'-B-fructofuranosyInystose.
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Fig. 3. HPLC-RID chromatogram of fructooligosaccharides, raffinose standards and infant formula sample (Prevail™ Carbohydrate
ES column, 5 pum, 4.6 x 250 mm, Isocratic mobile phase 75% Acetonitrile in H,O, flow rate 1.0 mL/min). A: fructooligosaccharides and
raffinose standards (2,000 pg/mL), B: infant formula, a: 1-kestose, b: raffinose, c: nystose, d: 1"-B-fructofuranosylnystose.

43t AazulEay, Ce AEE B43 azvEayolr).
Fig. 39| A EFEFLY 2,000 pg/mLE RIDE 43 Z=2v}
Ea#o|n], BE Fig 29| €8} 5Y38 N85 dxgsle] RIDe
Al B8 ARntETYolr). o|4de] AelA el Hiel 2
©] ELSD7} RIDET} 2 o] Ao dEde 45 2
oA w43 AEE Rolw, FAFsAY FFshe=d Yo
FEEFQ AE719L ¢ F Udk

AEMZH HD AE

S Ay 71718424 fFEES AFs] Sl
/0ol APAoA vwAES Ft 7 AN Y
AlE, Y AU os 3% A3 Table 59+ & A4
E 43t 77te] @AM e AFAE BHE AMSE AE9
fiuctooligosacchrides®} raffinose®| §Hgo] TAIF=FH} thd 57
24 Ao SHANRNA BAE A AFeAE 1Y
Fa fARE Aot AEERSE € T Aohp <0.05). mHERA
Aol Mz 4F Wiz HPLC-ELSDE o] &3td Hrh
5 BAEAE 4L + UE 7oz Algdnh

ot

oX e

AT 78 32 ZNEROIMe S2|0E EEZAL

Azl B e ZA Rl 2 Ay BHlgh A
W 71718 Z27S A gsle] A8kt A= Table 63
7o, BAE S AAshed F83] fFelie] e Ao
LERRETE

2 o

B AFo|A = I-kestose, raffinose, nystose % 1"-B-fructofura-
nosylnystose 5 4% 22|19 48 flsle 7171807t 7
g F713RAREETE ARREl olEd A, f5 §
24L& A8 AAT BAZAL o5l EFENL F=
W2 3]4(50, 100, 200, 400, 800 ug/mL)ale] 7 @42 quadratic
curve® AAgH A} A 4= 1-kestose(1.0000), raffinose
(0.9999), nystose(1.0000), 1"-B-fructofuranosyInystose(1.0000) 2 %
YeRstth Egk Az QS FH] dste EFEE
o 200 pg/mL-g 53] FYUek WA ko] RSDE I-kestose(1.47),
raffinose(8.98), nystose(0.77), 1'-B-fructofuranosylnystose(2.02) 2. &
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Table 5. Interlaboratory test results of fructooligosaccharides and raffinose in infant formula (n =5)

fructooligosaccharides (mg/100 g)

raffinose (mg/100 g) — =
1-kestose nystose 1"-B-fructofuranosylnystose
Lab. A 471 £ 36" 536+48 333+£24 185+17
7.56" 7.27 9.40
Lab. B 403+ 10 494+ 10 342+12 160+ 6
244 3.38 3.78
Lab. C 507 + 48 531+54 401 +48 156 +21
9.44 11.9 13.37
Lab. D 422+ 14 510+ 17 345+ 15 171+ 10
3.27 441 5.61
Lab. E 439+ 13 561+9 404 £20 168+ 6
3.05 5.06 3.82
448 + 41 526+26 365+ 35 168 + 11
9.19 9.46 6.69

"Shown values are mean = standard deviation.
YRelative standard deviation.

Table 6. Survey of fructooligosaccharides and raffinose in
market infant formula

raffinose fructooligosaccharides
Sample
number Label Results Label Results
(mg/100g) (mg/100g) (mg/100g) (mg100g)

1 500 647 400 627

2 400 572 700 1073

3 300 481 - -

4 450 787 1000 873

5 300 521 700 1385

6 500 685 200 461

ettt E3 AMSE ARe] THEZT TP FAHE Y 4
A tigk A BE E530 sl el 2l (p <0.05)
2 o & HPLC-ELSD®WHel 2|3 Ao g 2
o2 vepdt}, 2 WS 53519 fructooligosacchrides 2 raffinose
Ao {88 o= AlsdTh

HAel 2
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