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ABSTRACT - This study was aimed at validating the analysis methods for deacetylasperulosidic acid (DAA),
total sugar, galacturonic acid, glucose, and galactose, which are the indicator components of fermented Morinda citri-
folia polysaccharide extract (Vitalbos). We modified the previously reported methods for validating the analytical
methods. The specificity, linearity, precision, accuracy, limit of detection (LOD), and limit of quantification (LOQ)
were measured using phenol-sulfuric acid method and high-performance liquid chromatography (HPLC). The reten-
tion time and spectrum of the standard solution of Vitalbos coincided, confirming the specificity. The calibration curve
correlation coefficient (R?), of five indicator components, ranged from 0.9995-0.9998, indicating excellent linearity
of 0.99 or more. The intra-day and inter-day precision range of the assay was 0.14-3.01%, indicating a precision of
less than 5%. The recovery rate was in the range of 95.13-105.59%, presenting excellent accuracy. The LOD ranged
from 0.39 to 0.84 pg/mL and the LOQ ranged from 1.18 to 2.55 pg/mL. Therefore, the analytical method was vali-
dated for DAA, total sugar, galacturonic acid, glucose, and galactose, in Vitalbos. The indicator component content in
Vitalbos was determined using a validated method. The contents of DAA, total sugar, galacturonic acid, glucose, and
galactose were 2.3140.06, 475.92+5.95, 72.83£1.05, 71.63+2.44, and 67.30+£2.31 mg/g of dry weight, respectively.
These results suggest that the developed analytical method is efficient and could contribute to the quality control of
Vitalbos, as a healthy functional food material.
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Materials and Methods

AEE 9 A2

2 AgoA AR Fa ey ggA 5 £ (Vitalbos)
2 QxdAlo} AuPAA FEEN e vy} 2
Moz Azt 7HFe] AAHs =1 dr 1,000 kg
0.2% Lactobacillus brevis (NST707) ©]-&3}e] 37+2°Coll
A 237 HEAFTE o]F L ES AH3lY ErEd

AAL FFs] Faxy FEE(10 Brix)S A3

Table 1. HPLC conditions for deacetylasperulosidic acid analysis

Method Validation of DAA, total sugar and monosaccharide 217

ok LExEY FEE 180LE 95% ole& 720 Lo} £%
T 2442°Cll A 24117 FRF AA st TFAE AR
o A AE AAGAL AAS 100 LE H7bste] Al
£ 8] ATl FAAERT S HFAERE ST

DAA ETEZ-2 Phytolab (St. Dutendorfer, Vestenbergsgreuth,
DE)IA #4312 galacturonic acid, glucose, galactose,
phenol, formic acid, phosphoric acid % 3-Methyl-1-
phenyl-5-pyrazolone (PMP)-> Sigma Aldrich (St. Louis,
MO, USA.)oA F43stsith. Sulfuric acid= Duksan Co.,
Ltd. (Ansan, Korea), sodium acetate= Samchun Co., Ltd.
(Seoul, Korea)ollXl 793+59.2H trifluoroacetic acid= Alfa
Aesar (Ward Hill, MA, USA)olA 43It} Acetonitrile
2 methanol> J.T. Baker (Phillipsburg, NJ, USA)o|A]
Yokl AREEFAT

EE890 Y g0 T

DAA 0.01 g& micro balance (AND, HR-202i, Japan)Z
A3s] A7Fsted 10 mL F3]&F2F2=39] ¥ 3L methanol =
A 83}9] sonicator (Hwashin Tech Co., Ltd., SONIC420,
Korea)oll 4] ¢H3] &3llA1A ARS8t Galacturonic acid,
glucose 3 galactose L8N Vitalbos= 0.1 g micro
balance® 03] A F3le] 100 mL F¥Eekadel Y 3
FE 483t sonicatorol| X ¢HA38] GaiA| A ARE-SFITE.

Deacetylasperulosidic acid £

Deacetylasperulosidic acid®] HPLC #2412 9|3} Kim
T WS wEst BAMS SRt £
Shimadzu HPLC system3} Shimadzu SPD-M20A Photodiode
Array Detector (Shimadzu Corp., Kyoto, Japan)2 AF&-3}%1
o, BEAZAL Table 13} 2t} 498 columne Symmetry
C18 (4.6x250 mm, 5 um)S ARE-sle] EA1513 )

Instrument

Conditions

Column

Symmetry C18 (4.6 x 250 mm, 5 pm), Waters Corporation

Column temp. 25°C
Time (min) A? (%) B (%)

Mobile phase 0 100 0

(Gradient) 5 100 0

40 65 35

Detector Shimadzu SPD-M20A Photodiode Array Detector (235 nm)
Flow rate 1.0 mL/min
Injection volume 5ulL
Run time 40 min

90.1% formic acid in Water.
® Acetonitrile.



218 Heeyeon Kwon et al.

>

o
2 sto] 2AME &3t Vitalbos B s
H glucose EFNS 0.1 mLA 1.5mL tubed] ¥ 5%
phenol &9 0.1 mLZ %o &3t o]F gk g4t
0.5mL3 ¥l 2027 AAA H 1027 3dd A
microplate reader (Molecular Devices Ltd., ASVI11D,
San Jose, CA, U.S.A)NA 470 nmollA &3 =5 =435}

At.

g5 3% (galacturonic acid, glucose, galactose) 24

Galacturonic acid, glucose 2 galactose®] HPLC £4]<
15t Honda 579 PMP =438} WHS Wsle] &
MRS stk A Re TR E flete] A Alef
Hol AlR 50mgS A3 AHI T 2M trifluoroacetic
acid 3mLS A 7}sle] dry oven (SallyGen, SG-150DO,
Korea)©- 2 100°Col| A 8217+ &<t 713t Wy &
2M NaOH €22 pHE 7.07H4 RA43% H S0 mLE &
&3 A& ANERE ST JHeEelE AR B s o
FH ETEYS 02 mLA 1.5 mL tubed]l H71E ¥ 0.5M
PMP-MeOH €9 02 mL ¥ 03 M NaOH 0.2 mL< 3
7tsle] &35l Tl Water Bath (SallyGen, SG-150DO,
Korea)Z 70°CollA 1417} kA7) A &yl o
PEo] YAEEE 03M HCl 02mLe F7iste] £ 5,
chloroform 0.4 mLE #7}sle] kel yoh. YA 227
(Hanil Scientific Inc., Combi 514R, Korea)Z 2,000 rpm®|
A 57 9AEE] $ 459S 045 um PVDF membrane
o2 oxd AL BAANFEE 39t £40l= Shimadzu
HPLC system3} Shimadzu SPD-20A Ultraviolet/vis Detector
(Shimadzu Corp.)& AHE-3I o™, #4271 Table 29t

72t} 48 columne X-bridge C18 (4.6 x 250 mm, 5 um),
Waters Corporations AR&-3le] £ 319 T},

M
=
J

112

18 BT
B2l 584 75 (Method validationy> ICH (Intemational
Conference for Harmonization) 7}o]|=2}18 ZAZE 3}
2217 (Linearity), 5179 (specificity), % &/ (precision), g &+
A (accuracy), 71Z M (limit of detection, LOD) & 7 &F31A|
(limit of quantification, LOQ)S #4]sle] HZatth?.
ASE EHS v"CZ Vialbos W2 X ZAES]
DAA, 9 &%, @37 3% (galacturonic acid, glucose
galactose)®] ¥FE S

r ML
T

Eo)’8
DAA, galacturonic acid, glucose 2 galactose 274
o 5olidg Wristzl flste]l HPLCA F9d A&l
o

A F=4 peak 1|0l 7Hd st peake] EA| o F-5 &<l

AT AlEL XS sampleZH-E] chromatograme A2,
AlgEZo] 238 sample®| chromatogram3} H]dle] A]
s E Ao

= =

WA 2ol 74 peak®] EA] o H-o}
PDA spectrums 53l 5Y3 spectrum YEE=XE &

FTEEE AR AP A ERR
E] 92 chromatogram®| X AlHEZ 2| peak HHE Al
4] F=o g AL OR AHEste] Hrtsiith B
€ A2 33 Ao HoxsHOoR ALk g
Al9=(correlation coefficient, R?) & Eal AXANS A=

5,

At DAA BEFEEL 7.34, 14.69, 29.38, 58.75, 117.

Table 2. HPLC conditions for galacturonic acid, glucose and galactose analysis

Instrument

Conditions

Column

X-bridge C18 (4.6 x 250 mm, 5 um), Waters Corporation

Column temp. 40°C
Time (min) A? (%) B" (%)
. 0 50 50
it : 0 0
2 0 100
50 0 100
Detector Shimadzu SPD-M20A Photodiode Array Detector (245 nm)
Flow rate 1.0 mL/min
Injection volume 10 uL
Run time 50 min

910% Acetonitrile / 90% 100 mM Sodium acetate buffer (pH 5.0, adjusted with phosphoric acid).
»20% Acetonitrile / 80% 100 mM Sodium acetate buffer (pH 5.0, adjusted with phosphoric acid).
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235 pg/mLe] FE=Z AXII, T FHF SHS 4
glucose XFEZ-L 31.19, 62.38, 124.75, 249.5, 499 ng/
mLe] FEZ Azdle] AMEsITh ©EF HPLC £4]
S 93 galacturonic acid= 3.56, 7.11, 14.22, 28.44,
56.88, 113.75 pg/mL, glucose= 3.90, 7.81, 15.61, 31.22,
62.44, 124.88 ug/mL, 12|31 galactose= 3.89, 7.77,
15.55, 31.10, 62.19, 12438 pg/mLe] FL& A|Z5to] &
Aol ARg-3F3A Tt

yUY 9 HRy
2] 404 % AEYe dulinraday), U2
[e)

(inter-day)oll Al ZASH AgAe] F=& v A3 A

o7 Aghe] HEAGF(%)Z H7kskdoh 4 33 &4

S sl du AEAS Hrkstal, 47k 33] oo Al
e

S 913 glucose TFEZL 31.19, 124.75, 499 pg/mL
FEE =431t W HPLC £492 913 galacturonic
acid= 7.11, 28.44, 113.75 ug/mL, glucose= 7.81, 31.22,

124.88 pg/mL, “18]3L galactose= 7.77, 31.10, 124.38 pg/mL
o FE A 2 A 4 AHEESith

] HAEFgA 9 7187
28] AW A3 (LOD) 2 A HIA(LOQ)E A=
it AgAe] 71879 BFHAE 2ASIY T 4

mAU
200

— DAA
— — Vitalbos

175

150
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LI B B B B B B B B B B B B e e B e
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= ol&sto] At

LOD = 3.3 x Standard deviation / Slope of calibration curve
LOQ = 10 x Standard deviation / Slope of calibration curve

Results and Discussion
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0.99952 AAME A THFig. 3b). ©HFHF Ao ALgH
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(B)

mAU

DetAChi

5013

2004

Standard

1004

o
T

mAU

Vitalbos

0 5 10 15 20 25 2 £ %0

Fig. 1. PDA spectrums (A) and HPLC chromatograms (B) of deacetylasperulosidic acid and Vitalbos.
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Fig. 2. PDA spectrums (A) and HPLC chromatograms (B) of galacturonic acid, glucose, galactose and Vitalbos.
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©
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Fig. 3. Linearity of standard curve of deacetylasperulosidic acid (A), total sugar (B), galacturonic acid, glucose and galactose (C).
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Table 3. Precision and accuracy of deacetylasperulosidic acid, total sugar, galacturonic acid, glucose and galactose

Analytes Concentration Mean+SD RSDV Recovery
(ng/mL) (ng/mL) (%) (%)
14.69 14.00+0.21? 1.52 95.31
Intra-day 58.75 61.82+0.08 0.14 105.22
o 235 238.74+1.04 0.44 101.59
Deacetylasperulosidic acid
14.69 13.97+0.49 3.50 95.13
Inter-day 58.75 60.62+0.98 1.61 103.18
235 233.89+2.52 1.08 99.53
31.19 32.63+0.23 0.71 104.61
Intra-day 124.75 125.22+0.62 0.49 100.37
499 502.19+0.33 0.07 100.64
Total sugar
31.19 32.93+0.33 1.01 105.59
Inter-day 124.75 125.40+1.08 0.86 100.52
499 500.79+3.50 0.70 100.36
7.11 7.32+0.19 2.62 103.01
Intra-day 28.44 27.95+0.14 0.51 98.27
113.75 114.35+£0.48 0.42 100.53
Galacturonic acid
7.11 7.21£0.15 2.05 101.42
Inter-day 28.44 27.85+0.20 0.73 97.93
113.75 113.43+1.44 1.27 99.72
7.80 8.06+0.24 3.01 103.23
Intra-day 31.22 31.87+0.08 0.24 102.10
124.88 125.74+0.27 0.22 100.69
Glucose
7.80 8.17+0.15 1.80 104.68
Inter-day 31.22 32.01£0.19 0.60 102.54
124.88 125.81+0.42 0.34 100.75
7.77 8.02+0.11 1.41 103.16
Intra-day 31.09 31.12+0.21 0.66 100.10
124.38 124.88+0.25 0.20 100.41
Galactose
7.77 8.04+0.12 1.55 103.39
Inter-day 31.09 31.19+£0.26 0.85 100.31
124.38 125.16+0.50 0.40 100.63
DRSD: Relative standard deviation.
? Value are mean+SD in triplicate (n=3).
T o B DAA®] o 2 U7+ AL 7H7} 0.14-1.52%, 1.08-
Aol shel Aol tigk ddbe] AEFl 4 3.50%%5 YERH S, 3582 95.13-105.22%5 YERY
o7 de FA Anghe] 2HAE omlgth A o Atk T el sk o 2 dz7F AU 742 0.07-
vl 43 Qe Feluy ZEH Sl 2HF AEE 0.71%, 0.70-1.01%2 2 YElen, IFE&LS 100.36-
ojmjgitt, FAH O] AU A58 %3}01 duf # ‘?:_l 105.59%= UrE‘rlH"iU‘r GR350l gk U2 0.22-

2~90 ©
TE"é‘ﬁ

0}04 3 7}
ﬂ Ek galacturomc acid, glucose %!
% 9 §3/dS Table 33 22t

&3 th DAA, %
galactose®] F-2Hbgle] A2

[e)
3.01% WS eI eH 35-&2 9
ERtTh A7EA] A BARE B 5% WRke] -
S Yeplilen, 3482 95.13-105.59%2 $-
AL BTh

7.93-104.68%= 1}
S5 3uA
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Table 4. Correlation coefficients of the calibration curves, and limit of detection(LOD) and limit of quantification(LOQ) of deacetylaspe-

rulosidic acid, total sugar, galacturonic acid, glucose and galactose

Analytes Range slope intercept Corre.lation ) LOD LOQ

(ng/mL) coefficient (R) (ng/mL) (ng/mL)
Deacetylasperulosidic acid 7.34-235 17983 -36610 0.9998 0.39 1.18
Total sugar 31.19-499 0.0038 0.0708 0.9995 0.84 2.55
Galacturonic acid 3.55-113.75 17896 -29523 0.9997 0.71 2.14
Glucose 3.9-124.88 17120 4417.5 0.9994 0.81 2.44
Galactose 3.89-124.38 20539 22401 0.9998 0.48 1.45

Table 5. Content of deacetylasperulosidic acid, total sugar, galacturonic acid, glucose and galactose in Vitalbos"

Compounds (mg/dry weight g)

Sample Analytes
Mean=SD RSD? (%)
Deacetylasperulosidic acid 2.31£0.06 2.60
Total sugar 475.92+5.95 1.25
Vitalbos Galacturonic acid 72.83£1.05 1.45
Glucose 71.63+2.44 3.40
Galactose 67.30+2.31 3.44

YVitalbos: Polysaccharide from fermented Morinda citrifolia .
2RSD: Relative standard deviation.

BEH] A FFEH

Az AA 5 AN =49 dE 7 HAa
Fg onlsin AFAle AFHo= el § e o
e HAFE Uetith DAAS] HE3HleL B
Ae 2+ 039 ug/mL, 1.18 pg/mLE SAHEY oM F3
el A& 2 A= 22 0.84 pg/mL, 2.55 pg/

mLE YERgth @35 350 s A& 2 Y25
+= galacturonic acid®llA4] 0.71 ug/mL 2 2.14pug/mL, glucose
o4 0.81 pg/mL 2 2.44 pg/mL, galactose®l|A] 0.48 pug/mL
2 145 pgmLZ S F AT (Table 4). ¥ A34E 53
Vitalbos A E14 DAA, 9 3, galacturonic acid, glucose
9 galactose®] A FitAo] 7Fegh A0 E YEST

Vitalbos2] X|T/d 8 SHFEM

A AEE S SYE A4S o&-3te] Vitalbos
A2 U DAA, &9 &=, galacturonic acid, glucose %
galactose®] S A éﬂr—— Table 59} 7+t}. Vitalbos
A& We] DAA &3S 2.31+0.06 mg/dry weight g, =3
k2 475.92+£5.95 mg/dry weight g &f-3= Aoz &
A= T}, Galacturonic acid= 72.83+1.05 mg/dry weight
g, glucose= 71.63+2.44 mg/dry weight g, 18]35l galactose
£ 67.30£2.31 mg/dry weight gitE SHi-5o] ©d7F 3%
o] & 211.76 mg/dry weight g2 YEhgtt) Jin $¥e
U 2R g E sto] @R 2498 wAg
Hh 2l galacturonic ac1d (58.55%), galactose (4.44%),

glucose (21.13%), thamnose (4.84%), & arabinose (2.16%)%F
SHrE ASE UERITE Sousa 5709 AollMw HepEA
UG RRY FE5 oA o] SF 232 galacturonic
acid (29.1 mol%), galactose (30.9 mol%), arabinose (31.0
mol%), rthamnose (5.4 mol%) % mannose (3.6 mol%)z}3L
B3 g} 9low WEWA =Udnjor] F&=3 oA
o 2Ag HlaLste] AAE Wl odAle] 74 AujA 9
e} o]EF ol Hgh up gtk . AFoA Y] @i
e AolE BYoH ol vguA & 21 ¥
L——L]«l Ao wE Zpold Zo® AtET) Son 5
< QoA wEle thEAA MY 5% B %%‘l‘?r =
S5 v‘f"‘ 3t uf ok, A4k oA W] 4 ©-2 mannose,
glucose, galactose, arabinose’} &A= 2™ glucosest
galactose”} 90% o4 ETHE AR YEwT 1%
galactose®] o] =55 AU S50l Frhskt
3 RS mptelA EElE TgRAE o] &3 Aol
e 9IFHF FAo arabmose (26.21%), mannose
(11.81%), glucose (53.66%) 2 galactose (8.32%)%1 &
A oA 7 A EE B4 ﬁr/‘]ﬁ TNF-q, Interleukin-6
5 9354 cytokine2] W&} nitric oxide S 323}
of WY 7leS aHF R XX Bargk vt 9l
) Chen 5279 94+ rhamnose, arabinose, glucose,
galactose2] EH|E0] 1:1.37:2.94:3.492 FAE Hul §2)
O3 7F HA A mpe-2mde " 7]5S aHF O
2 Jhdstden, oste W] AN thERe] AR
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2 FAasde W, R 1Ygs 55 9dH £
4 2 ZEIEAE A Fxe 35 #do] Us AL
2 AT Vitalbos®] -3 WY E7 &% galactose
E AT R ¥oete thaAgt Bdo] S Aew o
FEH, 35 4 Atk 24 FHo] o] Foll
O OB AE o83 A7 E &4 el & =i
o] & Zlow AlRHEG
Acknowledgement

o] =2 20209 FAMA 7GR A7 s N
AR (S2840161)2] Aoz F=3)H A2 ool TAR=FHUth

E Rt
2 ATe dary A F2E(Vitalbos)S 11771
AE 2A2 F83] 3] DAA, T T, BIF 3%
[e)

=
A, ATYR) e Eael Bay
2o 98 SR 120 nuE BAY 2% 3
2 Sk Soly, 444, A4, 4

= >

(LOD) 2 A A (LOQ)E I4% NA|Z=ntE 1) 19}
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