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AR GBS IR AR S » B KB T R EMFERRR » WETRRE  AAR TR
RABATAT A AL R G © 4 2APoroshell HPH-C18 (2.7 pum, 3.0 mm x 10 cm)/& 4 A A48 135 2%
AR MR BB — AR BY I 2 A% h 25 (UPLC-PDA) © ABRER — @45 /%% (pH 7.8)¥ ¢
B/ F B2/7K(4.5:4.5:1, vIVIV)IERE > 90:10 (vIV) e 4E &F5 8948 > 2AR% 1 mL/miniE 47
B TASHAEN RIF AT HABNEZ2HE A4 A o AR IR AT R R R
B AR ob 2R AR E RS 2550 mg/g ) F 4B N2 H) ) HE i B R ER AR R O i AT AR AL
Ko T SR 5] 4 97-110% £ 98-105% » 4 AR $ 52.4-3.6% A 1.4-7.9% » %
o T A AR BRI ik X AR | o AL R EATTH T E A S A B R A
FHA]  ARAMAANIA21.6-372.7 mg/g * 4 ST TAL80% * A A T A RSB AR T
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NH
. ol
A B B P DL L A T 2 9 2 —
|%(Biosynthesized endogenously) /7 =& 4: - B-Glucosamine C,HNO; 179.17 40 A on
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(Chitosan) » Eﬁ%@% (Mucopolysaccharides)& (Yan, X. and Evenocheck, H. M. 2012)
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JEHE - ER TR - AR
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hydrochloride) 5 # % #E 1% B % B8 (Glucosamine
sulfate)  BTEREEE ZEH T - EEFET
PR R SR T LR R A - S tE
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GEH - BEEEKIE1060F957TH AR Z 2
FE T B R R AR R A
W% 2 185 7 (TFDAA0060.00) ;P8 [
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EH) > ik B S LKA
D3 (5 LES) -

— B ABIEIRAES

FAfig(Methanol) + Z & (Acetonitrile)
J W ZBE(Ethyl acetate) 2 £} A VR FH & i
e o BEEHfEEMerck KGaAZ) F|(Darmstadt,
Germany) ; % (Hydrochloric acid) ~ 3-HiF5E A
% (3-Mercaptopropionic acid, 3-MPA) ~ 9-Z; F
H A FRES(9-Fluorenylmethyl chloroformate,
FMOC-CI) » €& t#i(Sodium hydroxide) &
#BZE — H i (o-Phthalaldehyde, OPA)Ig#:H
LB W H 3£ E(Sigma-Aldrich/) F](Saint
Louis, MO, USA) ° filif&(Boric acid)$x FH & &
oo B EEEMerck KGaANH] ; Bl — &
#/(Sodium dihydrogen phosphate monohydrate)
PRAREERR - BEE 35E). T. Baker/A F](Center
Valley, PA, USA) - e FIEHE Sl 4 Bl i B R
E#(Glucosamine hydrochloride)fliE Ry 99.7% °
% 5 £ B Sigma-Aldrich/A &) (St. Louis, MO,
USA) °

= R

() fiE R & 25 (Vortex genie-2, Scientific
Industries, USA)

(D) F I E % 28 (Transonic Digital S, Elma
Schmidbauer GmbH, Germany)

ENREZZR(MMS, EYELA, Japan)

(o) 2= B 7 7k B35 BE (Millipole milli-Q,
Millipore, USA)

(H)BE (% (Allegra 25R Centrifuge, Beckman
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Coulter, USA)
(B R AR AT #E(Acquity UPLC H-class,
Waters, USA)
1. ot 85 FEE 91 A HY 5 (Acquity UPLC
PDA ek, Waters, USA)
2. [EH& #E (Poroshell HPH-C18, 2.7 pm,
3.0 x 10 cm, Agilent Technologies, USA)

70~ Sz 8%
(H)50% EEALEME TR
TIEEENS50 g » DLEBEF KA

100 mL -

()0.4 MIFRR E BT
TREUR2.47 ¢ » DL T /KA 100
mL * FLAS0% & EA LA R pH{E R
10.2 -

EHBAE — AR
FHEVAR A —FHEE100 mg » 2L0.4 MIEERE
9 mLYAfE - HN3-HRBEP %20 uL @ H
710.4 MAJER#E R 7R 10 mL -

(9277 FH B E F R B VA TR
THEN9-2) R EL G FF R B 2S5 mg » DALHSYA
fR R 10 mL -

F -~ BEIRA R AR

(FEENRA A :
TR BERE — S $M5.5 g - DLt /K AR
%1000 mL * FFLL50% & S L8R 1A T8 54
pHIEZ7.8 » ARUEMEEIE - BRI ER
BIFEATRA -

(IR ENHIATEB ¢
U Z. 5450 mL » A EE450 mL K R
F7K100 mL » R &5 - DLEESETE - HY
TRR B ERE B A B ©

N RERR B
AR E B & A & FEIZ A0 100 mg 2 ¥
e - FETERE T - DAREE T KSRl E A 2

10 mL » {ERITHEIRY - 12T < ERFHIRFEY
RO - LB EE225-250 pg/
mL -+ fEOEREEVA -

+ TTHEEEER R A

AU HEAE 2520 ul > fA0.4 MHEHEE S &
1100 pL - &5 AR Z A 20
pL - FEIEIR 307 - A EBET7K1360 pL
REE  BERTE AR -
if ATAEALER - JERPUETEREE ST -

I\~ iz S
CFEHAE R E e
e EIR 2% - #J0.25 g fEiE
BIE » BREELET » INAEBET K40
mL - fEfiEE ISR IRE 10578
FLLEBET /K EA 250 mL » DA8000 g
L1578 AR IECETE - EUER20 pl - I
A0.4 MIIIERE 100 uL - R &4
DU BRI CET - ERIR -
ChHE M E R

R EIR 21 1% - A#Y0.25 g fETE
WE » BREECLET  MAZBZEEL0
mL © JEEIES - A LB /K20 mL -
IRES/T 88 - FELL8000 x gl (215788 » IR
£TEWR - FERFEMEREF7K10 mL -
RS54 - FELL8000 xgBlE [ 4788 » &
PR > AEBET /K ERZES0 mL - DA
8000 xghft (014788 - ARRIEEYE - KUK
20 L » J1A0.4 MANEEFE 100 pl - &
&5 NP EERIFECET - SERIR -

U~ SRR R TR
(P R s 2R« (T R338 nm -
(CEHTEHE : Poroshell HPH-C18 » 2.7 um >
{%3.0 mm x 10 cm °
EETEHRE : 40°C -
(R L REVR L © 10°C -
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([EFAEAR 1200l -

NEEHATR - IE AR AR - DAk
TN T S AT

(O ENHTE © 1 mL/min °

+ -~ Rl RS EAIE

HE T 8 B b W e AT AR (B AR BV W 4520
uL > 3 BIEA S RRA AT - KR LA
CRIFETT AT » BRAR R AR E VR AT 1S I
R LR ) - AR TR E R R
i P AL 2 B B (mg/g)

BRI & R (nele) =

C : HHo-glucosamine 2 B-glucosamine, %
g T R R A AR HE h SR 15 B
B EI B 2 IR (ug/mL)
V iRk E A Z B (mL)
M : BB i ie 2 & (g) °
+—  J3iERERN
IR /N Yo ST (=2 R 1
SoEn O EITHERGAEE - S A SR
72 YETEFE (Accuracy) ~ 5% & (Precision) 52
TE =R (Limit of quantification , LOQ) °
(R AR AR R
EAOEESHEANRRE - MR SRR
ZAHRA REC FEE20.99 » i R T
IR EEAEHE dhi AR R & Y -
(BT F g e
TRIEH R 52 HAET I nEIGREs - R E
IRE 2SR IR ZZ B - (i
S A f g B e & A RS~ 25550 mg/g -
BIRE TS EER R - R
FCREIR » BT R LA R R s AR AR
HEETFEREMCEHEIREEK -
(E)E EMRPRZ FHd
TF S R R ME VA VR TN I 2R 2 B o
W ARATR AR R E B R - WAt R

[EI =R~ B M Rk e 2 BRI EE (Signal/
Noise Ratio, S/N) » DABEIER « B4 S
2 SRR L = 102 RARRINEEERE
=R -

R

— ~ BT EIRET

FEEN106FEIHTH AL 2B HE
TR LR RN R AR A
E5 5 7:(TFDAA0060.00) | (N i) BR
FiPoroshell HPH-C18.Z 10243+ » LAUPLC
RO SR e E &I R338 nm
[EHTE R Fs40 CREAETT - IKEZ T BT
ETER - RERQE—) 2B G - H
AN AR N EREN Y=t WoRe Sanafan
e PR FET 00 6.5 77 88 2 2 I SEETT B B ETE - AR
SRR RN R I B R R R A R G 2
fie %Y a- K B-glucosamine * B &N A5 &3
B o RIIFE2EAOACI Y /4 - B
R T R (Isocratic elution) » AT
mL/min * 53 H12015% ~ 10% K 7% EhFHBEF A
e S BEEET - RE SR o SR EIHB
FEBIBAR - S BERCRBE - SRR -

TR B MR B R o T IR R S AT 3R -
AT B TR 2 TN - JE1 mL/
min * 10% IS EEBIE R @M1 » FEEDE &
BRI i As » A AR IE W S e 2 Y (- B

&= SRURIBRBATEZEIME DT IR

5 (min) A (%) B (%)
0—6 90 — 90 10 — 10
6— 65 90 — 0 10 — 100

6.5 — 10.5 0—0 100 — 100

10.5 — 11 0 — 90 100 — 10

11— 15 90 — 90 10 — 10

A R SRR (pH 7.8)
B : ZHE/FE7K(4.5:4.5:1, vIviv)
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B-glucosamine) 53 Al AT fAR3.557 5 f2 4.5 57 # HEEEWB IS EEDUKE KA - H
W H R 6-85 S 1 — LR - VR R R U BT - AR A e
o - 2. 1 2.6 v P DL KV WA L
= TTEALS B RARARREREY BB - T R B GRARGA)
I 6 T (LR DA A RS R - LU P 2.5 2 B
MR B E R 10.2) + HEVER & H RFE I A ZEZ BT - R AR R
o VA 955 R R AT VA L 2 £ S RIE338 meHERALT me/HE -
£) + FEIA ST KRR E - AR (L 5 S 4% » BV 2 B8 2
72 (LIRS B - (TR« Eit TR WA PR 2 T 25 W 240 R B
RR 7 4 (L BRI T BAT AT () 16 (e SR R LT R 2 B 2
WEAAR « AFFFER SRR - AR R T T K VM U -
AL R AT R A R
AR » 11338 nm 262 nmfE B (IR RIERE J AR S IV 0.1
TR - BB RLLO-% AL T B N A W G T K B S 0L 1 N
TTER BT A (L BUBIR b3 5 rh B e BV VS L0, NEIRE VS VIR - 2
T D FRE VAR (1B A (L 78262 92 HAOACHE® » DIEBET K (EE
T AT IS - R DU v i L 17 P B VA ot
RSB T4 (L3 + 338 nm(E R (H TR + RIS - AT
I R T E BRI =) - BRI GRIEGA) DA RS RIS
L ] A 1% - TR DI BRI 55 5
= - AIRRERRIHRR FI01104% « 5758 T i LEER 7
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1 (A) a-glucosamine #7# 4 -2.053
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& |
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B - STt R A ENERRARLE R D RILI15% (A) ~ 10% (B) K 7% (C)T2ENEBHEITEITATIS ZHPLCERL

BB (F R ZZ AUATR - FEIR R R 2
o G (Arginine) ~ RFTAEEE
(Aspartic acid) ~ ZERfEIZ R (Glutamine) S B
[ iz (Lysine) S5 » JARRERER Fh B A i (26
R #a R < fake 071526 000.1 NEE
FRTE 2 BB - AT FEfE SRR AL
Bt 7Kk B00. 1 NEFRE (F R ZE DU A 4
PEIZ 2B B K » R BB RE R

K=~ TEIZERABIEH RIS h R ENER < IR

S VA MERLEEEE RnEGEE
"—‘E‘y(ﬁ({.ﬁ (mg/g)a ﬂzfﬂ@ﬂﬂtf{é(%)b
FHETK 270 101

1 NEEf% 299 104

B A PRI R KB R T E R ARG - P
B B DR - n=2
TR 7 R R A AT HE (160 mg/g) A 22 VAR Y » n=2
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ESE - HARMRALE R EIT TS ZHPLCERE

HEfE TAESE(EA] - RIEPRH KB Tk Ry
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9~ 2SR

AHFFE LA Fy250 pg/mLAT AL AT EIHE
T TR EAR VARG AT 12/ NP A B - B
FERERS10°C - B BaAs RANEY - FERGE12/)
R 2% ) 267 78 12 I e T R R B2 55 0/ N A B2
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(1 R AT AR
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RIFA[E0.99LL F - BRI IMERLT -

(CETERE S AE
FERANFEVY - [F] F  Ae  A e e e e
HE VR 0 A B R BB B B 1 R B BE 2
HEE Z SRR 55 51 R 97-110% K
98-105% * B EARH 53 HF2.4-3.6% % 1.4-
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NN ST IR I e =B S = A D B 6 2 P D FaN AN S il A ki ]
[EIRR T IR 9T% I 105% » B EARH Sy  BREZBR  WBEKAMEMRT - HEH7
I Fs4.5%k3.4% » BURTTEEWENG fFEM - IR RS Bl T il - 20

TfEOR L - [ FAE R BT - RIBSE  TB R AL E A
(E)E BMIRZFHE ARIPER G SN2 E T - iR R AR

{ERE B R Z FHEFT SR AR B HE S TR K I TR A E RN B R R = R T2 6-
B2 EBMIRAER - WEEERNER 372.7 mg/gZ[H » FREH R FE R R B AR
MRR(5 mg/g)Z FHEIIER Ry 1105298% BN - HErofFiaHl{E R EZ91-137%.2
R 2.4 5 7.9% - AR R25.2 K - TSR R R TR,
15.3 » BRGSO = 1028 BUEFTBAIEREZ80%HER -

REEM) -

o o %
X AR RS A "
AR EE B DISTRESE A WFGERENL 2 T RS R &

R ~ FEVER B BT AE SR INA MR BB S K It e B R O B B 2 JI ARG R

A H [l (n=5) £ HM(n=10) TE IR
5 mg/g" 25 mg/g" 50 mg/g" 25 mg/g" 5 mg/g"
=H Ty ®mR Yy mE Yy ®mR yy o wR ol R

ERER R ECR R [EeR R EeR e PR R
%) (%) (%) %) R %) R (%) EMEIE EMEL

AR INiE S 110 2.4 97 3.6 98 25 97 45 150.7 252
WK EE 98 7.9 105 4.9 100 1.4 105 3.4 87.4 153

SN BRI E DA R L S R R

RIS RSy ¢ WD~ TR © FNE - &L - RS

CMEERKBREEE Ry - MR G5 - T BB N RTIONREES - HERECE 22RO R AR E ) ~ Mk
- LBk - HEASRDI(IEIS LR

&0 - mMEERPAERERZ S BRARR

e AUEE Hl{Em=2)" I HI{Em=2)a R E T HMEAZ R E(%)°
Gl BE#IN) 366.7 (mg/g) 273.9 (mg/2%H) 200 (mg/258) 137

G2 ER) 21.6 (mg/g) 2164.8 (mg/100 g) 1985 (mg/100 g) 109

G3 FEAR 233.4 (mg/g) 247.9 (mg/fH) R

G4 HRZZECHLIR) 277.4 (ng/g) 387.2 (mg/fH) 400 (mg/5H) 97

G5 HRIZZECHIR) 372.7 (mg/g) 578.3 (mg/FE) 625 (mg/$H) 93

G6 B ZEQHIR) 155.0 (mg/g) 93.2 (mg/FH) 100 (mg/$H) 93

G7 BB ZE(HIN) 371.5 (mg/g) 567.7 (mg/F) 625 (mg/FH) 91

* B 7 it MBI S S (B DA T BE A R R B =
R Tk s R M TR, - HE R R E R R RIS E R = 80%
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Development of an Analytical Method for
Glucosamine Quantification in Foods in Capsule
and Tablet Form

CHING-YU HSU, YING-JIE TSAI, PAI-WEN WU, NU-CHING LIN,
YA-MIN KAO, SU-HSIANG TSENG AND DER-YUAN WANG

Division of Research and Analysis, TFDA

ABSTRACT

Glucosamine extracted from shrimp and crab shell, after drying, de-protein and de-mineral
treatment, is often made into the form of capsule, beverages and soft capsule in commercial food products.
Two peaks of glucosamine can be found in the HPLC profile, due to the interconversion of the natural
stereoisomers (o and B) in aqueous solution. “Method of Test for Free Amino Acids, Glucosamine and
Taurine in Foods”, pronounced in 2017 by the Taiwan Food and Drug Administration, is not applicable
to quantify glucosamine in soft capsule, besides, only one of the isomers was used for calculation. In
this study, the non-oily and oily samples were analyzed using different extraction treatment. The former
was extracted with deionized water, and the latter was dissolved with ethyl acetate before extracted
with deionized water. The filtrate collected from the aqueous layer was derived with o-phthalaldehyde
solution, and then analyzed by an ultra-high performance liquid chromatography system with a Poroshell
HPH-C18 column (2.7 pm, 3.0 mm x 10 cm) and a photodiode array detector. The derivatized samples
were subjected to 1 mL/min isocratic elution with sodium dihydrogen phosphate solution (pH 7.8) and
acetonitrile/methanol/water (4.5:4.5:1, v/v/v) solution at the ratio of 90:10 (v/v). Glucosamine can be
detected within 5 minutes, and the content is calculated by the sum of both stereoisomers. The average
recoveries of glucosamine in the non-oily and oily samples spiked at the levels of 5, 25 and 50 mg/g
ranged between 97-110% and 98-105%, and the coefficients of variation were 2.4-3.6% and 1.4-7.9%,
respectively. All results showed that the method had good precision and accuracy. Seven commercial
products were investigated, the results showed that the contents of glucosamine in the samples were in the
range of 21.6-372.7 mg/g. The detected values were all higher than 80% of the labeled value, which were
in compliance with the regulation.

Key words: glucosamine, glucosamine hydrochloride, high performance liquid chromatography,
soft capsule



