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ABSTRACT - This study aimed to develop a scientifically and systematically standardized xylooligosaccharide
analytical method that can be applied to products with various formulations. The analysis method was conducted
using HPLC with Cadenza C,; column, involving pre-column derivatization with 1-phenyl-3-methyl-5-pyrazoline
(PMP) and UV detection at 254 nm. The xylooligosaccharide content was analyzed by converting xylooligosaccha-
ride into xylose through acid hydrolysis. The pre-treated methods were compared and evaluated by varying sonication
time, acid hydrolysis time, and concentration. Optimal equipment conditions were achieved with a mobile phase con-
sisting of 20 mM potassium phosphate buffer (pH 6)-acetonitrile (78:22, v/v) through isocratic elution at a flow rate
of 0.5 mL/min (254 nm). Furthermore, we validated the advanced standardized analysis method to support the suit-
ability of the proposed analytical procedure such as specificity, linearity, detection limits (LOD), quantitative limits
(LOQ), accuracy, and precision. The standardized analysis method is now in use for monitoring relevant health-func-
tional food products available in the market. Our results have demonstrated that the standardized analysis method is
expected to enhance the reliability of quality control for healthy functional foods containing xylooligosaccharide.

Keywords: Health functional food, Xylooligosaccharide, Xylose, Standardization
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Wah 24 BolH FEs AWM 23, FrEA o
S, oA o felEe] Ags B Aegos 4
Sje] A AUAT)E Tl o E e BRE 2E
Aoz BusAhY. ol AW Al fAwe] T4 2 B
He EAske] A747154% HEAYY AR 20004 2
A ARFHAL, 15 GR FE 3, ek oA,
MASE E3e F 5 Al 3, (A
HE) NF 2 A4, 02 F71 54 Aol e,
AR APIA Ao 154 AR 2 ThFe A A Fe
FARY 5 A9 BxsE APy vhdel Pasit

Materials and Methods

Al 3! 1=

B Ao AlgE Ad2 2~ BFEF A 1012, Al
RVEE, A, FABPESR, 9AF 2 1-phenyl-3-methyl-
5-pyrazoline (PMP) Ak Sigma-Adrich (St. Louis, MO,
USAMESH Tdstlon, sMEYE-RS FERES
<2 Merck (Burlington, MA, USA)AIZ#E HPLCF o=
TYste] ARgEAT AlEE QEY Fu] ARJEE o]
ste] 27718 Frjste] Al ARg-skith 5, B, A
WA, @S RAEE AAES Azt AR

Fgol tste] 484 HES FHsIelT

oH
EFEZ AUZ2A 100 mgS 100 mL F3Z2p2~39

¥4I FR54E BAM AL AL BEAN0E AHgS
W, B2 FRF AYY 4o FrgUos
Ahg-shdeh

AlEgH x5

ALZEYIFOEA 70 mg oFe] THHEE
o] AIEE 100 mL 2o Zekael gol
7he & 1587 259 FESAL, A7 A7
T2 FA7A AL v, 12,000 rpmellA] 577F
o, FE5qS FHt] ANFEY AR ARSI Al
29 AE 10 mL FH3led 5 M 32F 1.2 mLE 7o)
100°Col| Al 907+ 7Hitali gt § Wzhstal 5 N ks
EF 24 mLE 71l FsrIRIth F8r17] 898 100 mL
FoEetaad dof SHTE A8 §9S AlFE B
2 ARgeRst

% e
> o )y &

o,
o Mo odu o oft

EESUT A HEY QX2

EEEAH AFE A, BE 44 2 mLY Y-S A
g & e 15 mL 2 FRo) deth dgeA 05 M
1-phenyl-3-methyl-5-pyrazoline (PMP) A1} 1 mL3} 0.3 M
FASUEF 1 mLE 7Fste] 70°ColA 30%7F fr=Al st
AT W27 & 03 M G4 1 mL F7tete] 3}
AL FRREE 4 mLE F7Fskd 12,000 rpmel A S
H7F AR gt AR AREY F ASdE A
3led 0.45 nylon ZEE 73 2SS HF AFgdoz
ARE-sEA T

A NEARE R
T Aoz APL thEA T AP

ALz g ng FHFE A5 W ol A TH(Table 1).
F2#e] 7l 9 4, AL SF7= 83lske] HPLC-
RIZ BA5l= AJ@Ho]a, AOAC Al8EL zfoldiht
EFog AAsE= AlF o], USP-FCC Ay o
AZZrtE 2 229 FBFEAE7]IE 192 nmoll A
A5l 9y o] tH2(Table 1).

FH #dol| EW, A2 LI T
e 2N EF R A4S E
Eo] b4 BIHI Yr}. 53], Yohei 5"
AR LT IFS TFAR 723 § PMP Al
A ssle] WA AR vhE T L/} M FEF
3 235 nmollM £4 sk SH, Chuannan '
Y2EYIFE FASIMEFO R 7HRE] § PMP
o7 SeAslele] AAIAZnLE 1 Z/Ae) N EFG
=712 3 245 nmollA 2319 tl. Natalie 529
H A2 NTFE THTE &3l & PMP AleFo
ZA glete] HAAZrfE DY 2R N TR FEAETE
53| 245 nmol|A] B2 3. Jianghua 5'9ol w2 =}
AR T IGS PMP Aoz {FrA|gste] x|z}
EaZ AN BEEAE7IE B3 245 nmolA o
3 o] A 7 (buffer %, pH, ©] 54 H& 5)o= &

215} TH(Table 1).
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Table 1. Comparison of analysis methods (official, recent literature, and certificate of functional ingredient)

Methods Target Pre-treatment Anaylsis conditions
Food code Device: LC-RI
. . Food Dissolving in distilled water Mobile phase: 67%
(Xylooligosaccharide) ..
Acetonitrile
. AOAC"™
Official . . e
(950.57 xylose in sugars and  Sugars, syrup  Dissolving in distilled water Adequate
syrups)
UsP™® . S e Device: LC-UVD
(Xylose) i Dissolving in 75% ACN Wavelength: 192 nm
No. 2009-80” Device: LC-RID
(Act 1)/ Dissolving in distilled water Mobile phase: 0.005 M
No. 2009-81'? Sulfuric acid solution
Certificate of .
functional Health Device: LC-UVD
ingredient No. 2009-80° functional food Acid hydrolysis Wavelength: 254 nm
'( Act2) (sulfuric acid) followed by Mobile phase: 10 mM
PMP derivatization Phosphate buffer
solution:Acetonitrile(78:22)
Device: LC-UVD
. Acid hydrolysis Wavelength: 235 nm
13)
Yohez,z(ﬁ)(i ;; al. (2 M TFA) followed by Mobile phase: 0.1 M
PMP derivatization Phosphate buffer
solution:Acetonitrile(83:17)
0.3M sodium Device: LC-UVD
Chuannan, L. et al.") hydroxide WaYelength: 245 nm
(2018) followed Mobile phase: 40 mM
by PMP Phosphate buffer
Recent Xylooligosa- derivatization solution:Acetonitrile(70:30)
literature ccharide Device: LC-UVD

Natalie, K. et al.'”
2017)

Jianghua, P. et al.'?

Dissolving in
distilled water
followed by PMP derivat-
ization

Wavelength: 245 nm
Mobile phase: 40 mM
Phosphate buffer
solution: Acetonitrile(79:21)

Device: LC-UVD
Wavelength: 245 nm
Mobile phase: 10 mM

Dissolving in
distilled water

(2016) folloyved. by .PMP Ammonium acetate
derivatization buffer:Acetonitrile(80:20)

% 1, 5,10, 20, 30, 40, 50 pg/mLE AENLH, xF 5 ¥ HL 7€V HAPLE UE AL HEM, 10
golRe olgsiel MBI, AF A UEE & dE e FH gl 7197 BIeR B AL ARz
AP E Rl feke] 7t F=ol el 3 whE A AT AEEE AR Wt g vhE s
9o+, BGeE AULLI LIS A & (A, repeaabiliy)® A7) AAsted 1] EE A
2 FAR st 47 T2 5L & spiking/recovery B BEE AR & A8 200, 400, 600 mge ZHZF FH3HA 5
om AFHE MEEE S Mmds 992 GEG 8 0N SHGAG. daves 4PY LAY
Atk FFEA H7PFol wEt FAIE] st dAF e (reproducibility)s &1st7] 98t 370 AP A Fi
ANES AF 8L, EEAS 22 FArbsldde o Ad=E AEE 53] v SAsith
2 AT w59 gl 10, 20, 30 pg/mLe] =S A5}
of JPsidet. Aol EAste It 7k FEE A 7171 =4
go| Frtete] sesS SAHEAT A HHFT ALz &2 1T £Ast7] 9@l photo diode array
Aol e FFENS 33 B3 HdeyaAe 7179 y (PDA, Accela PDA 80, Thermo Fisher Scientific Co.,
HAHEZE o] g3le, AYA y AHZe] BEHA 3.34) Waltham, MA, USA)7} “2tE high performance liquid
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Table 2. Analysis parameters of HPLC for xylooligosaccharide in
sample

Parameters Conditions
Column Cadenza C (4.6 x 250 mm, 3 pum)
Column oven 30°C
temp.
Injection volume 10 uL

20 mM Potassium phosphate buffer (pH 6) :

Mobile phase Acetonitrile (78:22)
Flow rate 0.5 mL/min
Wavelength 254 nm

chromatography (HPLC, Nanospace SI-2, Shiseido Co.,
Japan)& AME-3F31 oW, 42 Cadenza C 4 (4.6 x 250 mm,
3 um, Imtackt Co., Japan) ©].SH, ©]5F2 Table 29
7ol pHE 6.0°.2 9E 20 mM AAS &N 3} oA &

dz2= Faete] A AdR 2 Gl A2 g
T Hd AZAFDE AXtst F ALER SR IT TF
< 2FEddlE W olth AdE2Ee| el EelE 5 A
dz 2 gl & Adz 2 g Bl 7€ A
o EAsh= A2 FF sl Xd_ A2 T, A)
S AQg B Az vy ABAF(.)E ALt
ste] ool 2 2o mE} AU 2 g FEFo] ey
ATk

AL 2E I e (mg/g)=(B-A)x1.1

A: 7HEEE A AL 22 e (mg/g)

B: 7}Es] & AdES HEE(mg/g)

L1 Adzae Ad2ge|agde] Fa ddAs

A =

H ] O

HEZS 7822 H]&=2 E95to] ARE-SFSH, 0.5 mL/min
FE&OZ 254 nm=E shed A3 T

Ay

Fe Adz e vy ANBEe 4

%74] s

Corporation, Armonk, NY, USA)S ©|

Food code
(A) Standard solution

[ owean]
| Relenion T
Nane

Food code

(B) Sample solution

|
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0

T
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=)
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8
3

00 25 S0 15 00 5 10 M5 ;0

No. 2009-80 (Act 1), -81

o

IBM SPSS Statistic (Version 26.0, IBM

&3to] st

z+ A g9 it 94 AL Duncan tests ©]-&3}33t}.
P<0.05 oA oS AFaten dHolHe Hdt+
2eeage A EFAAR E71sach
! :E:fﬁ";' g r’ ‘aw*;m,w ‘m:.‘rnmwvzir'tal‘v é ““’"
a t ‘ | i l
gH ; w “ | w
Y é/\ g 2 Hio ‘ \\ |
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Fig. 1. Chromatogram comparison of food code and certificate of functional ingredient (No. 2009-80, -81) by analysis methods in (A)

standard solution and (B) sample solution.
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Results and Discussion
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MA2| = 7 - =20 FE AL 728 2, AR
RFE

A= 23 FEF31, A 7
TIE 5 < wk-Este] PMP

1000

| -
| N
1
ol_JJJMA \ A%LD
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£ |
= - 1
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0 . \\/J (SN N | /"‘:‘\ T
0 5 \‘ﬂ 1'5 20 % ”3:3 3‘5 "D 4‘5 50 §5 6‘0
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L POA: SAnnvBw:S o R 350 B 40 e
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Sl)DJ § \500
| L
|
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8

(F) Sample after hydrolysis (pH 6.0)

Fig. 2. Comparison of chromatogram by pH conditions (mobile phase) in (A) standard (pH 7.5), (B) standard (pH 6.0), (C) sample before
hydrolysis (pH 7.5), (D) sample before hydrolysis (pH 6.0), (E) sample after hydrolysis (pH 7.5), and sample after hydrolysis (pH 6.0).
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Fig. 3. Comparison of chromatogram by buffer concentration conditions (mobile phase) in (A) standard (10 mM), (B) standard (20 mM),
(C) sample before hydrolysis (10 mM), (D) sample before hydrolysis (20 mM), (E) sample after hydrolysis (10 mM), and sample after

hydrolysis (20 mM).
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Table 3. Comparison of analysis results by pre-treatment conditions (ultrasonic extraction time and hydrolysis temperature)"

Ultrasonic extraction time Sample amount (350 mg/g)
(min) Xylooligosaccharide contents (mg/g) %RSD Content ratio to labeled amount (%) [80-120%]
15 397.94+7.6* 1.9 114
30 399.8+8.1° 2.0 114
45 400.0+7.5 1.9 114
60 392.7+3.5° 0.9 112
Hydrolysis temperature Sample amount (350 mg/g)
0 Xylooligosaccharide contents (mg/g) %RSD
90 380.5+3.8° 1.0
100 390.5+£5.5% 1.4
110 385.6+15.2° 3.9
120 385.3+£5.8% 1.5

YMeans in the same column for each species followed by different letters are significantly different according to Duncan’s test (P<0.05);

meantstandard deviation.

Table 4. Comparison of analysis results by pre-treatment conditions (sulfuric acid concentration and temperature of sulfuric acid hydroly-

zate)
csolﬁzgzi; ;t?(i)(:l Xylooligosez;cg/agr)ide contents 9%RSD Hydr(()rlr}lfisri)s time Xylooligosaz;cg/;;r)ide contents 9%RSD
M 362.9+8.7 2.4 30 140.9+13.7 9.7
2M 390.0+8.8 2.3 60 374.5£19.0 5.1
3iM 399.8+8.1 2.0 90 420.8+6.3 1.5
4M 390.5+10.2 2.6 100 404.9£13.0 3.2
5M 400.3+£6.4 1.6 120 409.9+13.0 3.2

Table 5. Comparison of analysis results (xylooligosaccharide in tablets and powder formulations) by pre-treatment conditions (sample

amount)

Sample amount

Xylooligosaccharide

Xylooligosaccharide contents

Content ratio to labeled amount (%)

(mg) (mg) (mg/g) [80-120%]
50 8.8 165.9+1.0 95
100 17.5 184.746.4 106
(f;‘?gll; /; ) 200 35.0 187.3£1.9 107
400 70.0 193.642.3 11
800 140.0 194.245.2 111
50 29.2 587.7+0.6 101
100 58.3 632.240.2 108
(gggnﬁll; é) 200 116.6 6233+1.6 107
400 2332 613.6+0.1 105
800 466.4 612.040.8 105

400, 800 mgo & A3
A= 400 mg o1, HAdieEE 2he Al 20
ANEE AF stk Thes A A9
EEEA] S Elaisint. N A= =
Moz HYste] Alg AHFLE 25, 5

A A, A

dgste] B4 A, 20 g2 SIS W kol
]

A

d M EA R
b o] MRS
s

=2

o

S tH(Table 5,6).

ATt ofo wEt AY i §l
IFOZA 70 mg ©)F AEE AHE A
F B4 Ajtsitia AdEo AR AFFoE AA3)
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Table 6. Comparison of analysis results (xylooligosaccharide in liquid formulations) by pre-treatment conditions (sample amount)

Sample amount Xylooligosaccharide Xylooligosaccharide contents ~ Content ratio to labeled amount (%)
(8) (mg) (mg/g) [80-120%]
2.5 12.3 4.2+0.8 85
5 24.5 4.5£1.0 92
(S:glﬂ;;) 10 49.0 44433 88
20 98.0 4.740.2 96
40 196.0 4.7+0.6 96
2.5 15.8 6.7+1.4 107
5 31.5 6.5+1.2 104
(s;;nﬂgé) 10 63.0 6.5:0.4 104
20 126.0 6.4+0.7 102
40 252.0 6.3+0.1 102
EF A9y of A AR F2} REA e AL FAsT. o
AUz el g ARy rHae 95 4EIA, NEAY 2 RIS 95 o) 242 Hrhske] 71 pH 7504

3 A8 2 HZ B AERS AES T, Age A pH 6.028 At ZHe] fEEALS 4A s
25973 I A4S 98] HPLC-UVDE o] &3+ A3 olFA FEE 10 mMolA 20 mME ZEste] 9371 ¢
He AESIT. A & 3] EEEE AL IAsIAL HA APHES nfHs)

1000
bl PDA: Channel 1, 254 nmvBw:8 nm Ref 350 nnvBw:40 nf \ — 4213 Min
Name H Lambda Max 1000
3 } 10001 \ Lambda Min 2
— [ 3
\ | o
&
| 500 o~
500 / \ 0 500
/ / | —_————0
0 —_ L k‘ E— °
. T W
10 15 20 25 20 35 40 4 % 200 220 240 260 280 300 320 340

(A) Standard

1000 —— T - =100 ETTYTT
N_arnepuﬂ Channel 1, 254 navBw. 8 nm Ref 350 navBw:40 ndy ‘ | - . Lamb.xd,a.;dv.a: 7
‘ \ Lambda Min
\ ©
! | \ g
[ ‘ t 0 \ 2 [
L o AN
500 ] | [ L
J | [ AN
[ | | 25 L2s
’ | | Il 8 ot
| | 3 Y
I J', |\ AT e
o | AN AN W w _~ J Vv \\T’_\—L\i——- —] 0 0 0
- o — r T T —r T
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Fig. 4. HPLC chromatograms and spectrums of Xylose in (A) standard, (B) sample before hydrolysis, and (C) sample after hydrolysis.
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g AAds AESIT Ui F e 2APH9IE g1
at7] Q18 7+ sxol iEl 3 v AlRS ek Aot A

Xylose

20000000
18000000

y = 364283x - 77124
R? = 0.9995

16000000
14000000
12000000

FA FBAFRY) 0999 o)Fe] &S =2
5). B3 ET89S 33] BAS AFAS o] 8ete] AdE
229 Z4&3HA|(LOD) 2 é%h?}ﬁ](LOQ)% A5 A3, A

E3Hl= 0.77 pg/mlolH, A@sHl= g/mLZ YERITH

et

AR e FS FHohA 2 FA Rl thete] zhzt
U2 FE=ZE spiking/recovery HOZ 3]5E e HESS
o EYE FIFS @EO}M‘:} FFEA H7rgel o
2t FAI R tiste] A" NEE ZH—HO}J- ®FE
S HA7VEIR S ul ALE22 HF FE 10, 20, 30 pg/mL
o] HEF vt 2 A, ALE29] FFES 97.8-

100.0%2 Yelger, JEs
A TH(Table 7).

AZE 0.9-1.1%YS &l

Hae
o AYE

Fo] wstol] ot vk (RFE-, repeatability)
£ ] 9t 1749 R AEE AAseH, 7t
7} A 820 24 200, 400, 600 mg% :43}04 53] HiE =
Atk 2 A3, AL2EE T TS 3393, 319.6,
323.7 mg/gl & YElton, %ﬂlﬁ%ﬂdi}% Z}z} 0.9, 1.0,
1.2%4S SR TH(Table 8).

AA 7+ AU =HEAA, reproducibility)E 2H1317] €

il

Table 7. Accuracy of analysis method for xylose (n=3)

Spiked concentration (nug/mL)

- Treatment
£ 10000000 10 20 30
EEE 1 9.9 19.8 29.6
6000000
2 9.7 20.1 29.3
4000000
Saseon 3 9.8 20.1 29.1
0 Measured mean (pg/mL) 9.8 20.0 293
0 10 20 30 40 50 60
Concentration(ug/mL) %RSD 11 09 09
Fig. 5. Calibration curve of xylose. Recovery mean (%) 98.0 100 978
Table 8. Repeatability and reproducibility of analysis method for xylooligosaccharide (n=5)
Sample contents (mg) Laboratory
Treatments
200 400 600 A B C
1 334.5 318.9 317.3 318.9 300.1 309.2
2 338.9 324.4 325.0 324.4 290.5 308.3
3 342.5 315.7 326.7 315.7 293.8 311.1
4 339.0 321.0 3233 321.0 298.1 308.4
5 341.8 317.8 326.4 317.8 289.9 307.1
Measured mean (mg/g) 339.3 319.6 323.7 - 307.6 -
SD 3.1 33 3.8 - 11.1 -
%RSD 0.9 1.0 1.2 - 3.6 -
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sfol 1ol HE ARE AHsiel Al AP 247} s
5] W ST ARAS AN EZANE SAF A7,
3.6%% UEFTHTable 8).

=2 el A A gl e Bag
AAFS AZxste] AR FFoll thete] 284 2

= T3 548 AAE Ax7E 7 Al

o F A AY 12590 7L7L94 ;q.

= 0 mg/mLZ A Z3}HoH, F

o ARl g x}?—;i—%ww B pA9 A, &
? 2 A3l th(data not showed).
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