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ABSTRACT: Objective To develop a method for the determination of molar substitution (MS) of hydroxypropyl
konjac glucomannan (HP-KGM) by gas chromatography (GC). Methods HP-KGM samples with different MS
were firstly prepared, structurally characterized by Fourier transform infrared spectroscopy (FTIR) and 'H nuclear
magnetic resonance (‘H NMR), and then GC method was used to determine the 2-iodopropane produced by the
reaction between hydroiodic acid and HP-KGM at high-temperature in sealed condition. The MS of its
hydroxypropyl group was calculated, and the obtained results were compared with the MS obtained by 'H NMR
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method. Results The results of FTIR and 'H NMR indicated that the inherent acetyl group of KGM, the raw
material of HP-KGM, had been completely removed during the hydroxypropylation process, thus there was no
interference with the MS determination of HP-KGM. The MS results thus obtained showed a linear relationship
with those of the "H NMR method, with correction coefficients of 1.159 (R*=0.9965) and 1.164 (R*=0.9965) for
the single point method and standard curve method, respectively, with no significant difference (P=0.862>0.05).
The hydroxypropoxy content of HP-KGM obtained here ranges from 7.6% to 40.8% (MS

0.16-1.33), which is lower than that ranges from 53.4% to 80.5% (MS 2.2-7.8) specified in the United States

Conclusion

Pharmacopoeia for the hydroxypropoxy content in hydroxypropyl cellulose, which broadens the scope of GC method
for determining MS in HP-KGM, which is of great significance for the quality control of low substitution HP-KGM

applied in the food industry.

KEY WORDS: hydroxypropyl konjac glucomannan; gas chromatography; hydroxypropyl; molar substitution
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J5E -7 H 22 B B (konjac  glucomannan, KGM)J&—Fl
AR FRUKIE MM, 43 FBEE 200~2000 kDa A%, JE
F 55 p-D-HI AT B-D- T B2 W2 B-1,4- W B34 H2 11 i,
Hor Sk : o0 Cohil?, 4 HFL)H 8%, #E KGM
TEAE S, DATRHEIE sCRE /e H R LA €, C (1,
B FRIETFAFE A, KGM H H 28 iisk L 58 A psk 2
FER BCAS A 22590, JLLH B2yl 1.5~1.7:1.00, LA oy A 4
W5 I 5 A 0 H BRI L A EE R L2 R 21, KGM HAT 5
WK PET RRRRES . BEREEP . AR O R A AR
By NN B2 4 5 e T RN - LN = B X
BB, K KGM A SRR RE S, TRl ig i)
AR, KGM s i A itk 5 Ay 7 i 2Tk
FEEYIME, (Hl T LB Z W%, F KGM BNt
EVERIFEERRART, ok KGM BN IEAL, DI
AL, SRR IR T —

PR BAL ST 2 U i — R T vk, AR 2 AT
YA FAEY), O TR, Eh . F450
PP RRL T . B2 R KGM EE
AT A= W o T DG SRR 3R, i ELBUCA B A 2 X 9 T
I JiE 2 4 H 58 B B (hydroxypropyl konjac glucomannan,
HP-KGM)#— 171 & . A B R 3 HABFRE N
HALZ O A RN EBUCEERI )k, W0 'H BREIHR(H
nuclear magnetic resonance, '"H NMR)PZ' { BLIH- 25 4.1 &b
&3 (Fourier transform infrared spectroscopy, FTIR)?> 2" 4
TR TR PO R RS RV, Aot kI i
PEETER B R, MORGAN HRIBE LI E R T 2R AL H
R R, HR AT 56 KGM BN AL s, o
A LR T B IO RS I T vk Y . AORE 8 3 1 (gas
chromatography, GC)VERIE, {75 WAk FAE S RIFT B 8)
HERE, ATCHERIE, & T R B

il

AR BEET GC @ lE HP-KGM (RN HEEUL
A T, R SR 5 HP-KGM 78 /= IR 25 B % T
AR, I RE T A 2-R T e, R I LR SRR
L (molar substitution degree, MS), & B2 v &5 58 421
5000 A B ERR A, AR 9T LS TA B MERR N 2 7 ik —"H
NMR AR IR, DR AL S IE R4k, DA
ATk A ARIRAY, HP-KGM %) Bt it 4 il $2 1 s o

1 RS

1.1 MRS

JBE 2 H R BB (4 = 95%, BRI T I VL 2E
HRRATED), HEPEE . KBr(4tral, FigEbrhn 704 R
ZAHl); NaOH, Jo/K . NER . EhR(ordral, E2%EE
A E IR A FD); 2-TN BE(SERE 99%) . HIJEFR L be(4f
BE = 99.8%) . 4B Z W 2K (2l = 96%) . A WLER (4l i
55.0%~58.0%) . . ZHR(ZHJF =99.5%) (|- 152 se bk A AR
FHBRAAH]); DCl (FiR A8 35%) . & 3-(= W 3Eakde) ig
-2,2,3,3-d, FREMER [3-(trimethylsilyl)propionic-2,2,3,3-d4 acid
sodium salt, TMSP]f] D,O(4l[E 99.9%, PHA% ) i Bl 23 57
GiABRA Do
1.2 UE5EF

DB-1 BHEH(30 mx0.53 mm, 1.0 um)[ZCEEERHE
(P ENABRAF]; GC-2010 Plus[ft &0 K M4 B TG I #5
(flame ionization detector, FID)A5 il %%, H A & HL4
CP3800 S AH A HEA (32 FL L LA R ); AL204 B FRT-[K
B 0.0001 g, HRFEI-FER Z AL (HE)HRAF]D
DHG-9070A 7 Fg e I o RT3 46 (Vs % SC e e a5
FROST]); 1S10 {8 HL 28 B 21 A6 35 (X [58 Bk Gt R BF
(FFENABRA ], INM-ECZ600R/S1 4% 1 A4k i 1% (H
AL F RS 4); Topolino HRHTE ) #5 (75 E LK TKA 2>
F]); TFDS0.25 B EAE B HETERILUN & h 88k &
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1.3 XWHE
1.3.1 HP-KGM #)#| % B &AL

(1) HP-KGM K%

FREL 10 g KGM B F =BT, ¥ 20 mL 20%M
NaOH %5 150 mL 70%[% LB RIR &35, [ =3
PP NaOH 5 2 BHR SV, W+ KGM 3
S)4rEL, SRR B TR IR 30 min, BALZE SRR, K=
B B K B b, 3 OR8N A S D e 3 R A A
WRNLES KGM s, HANBEMEFY 70 mL,
T AL SR o B e A R, R L SR il
U8, LARBRAZR, K UEUHA Tk, HERBRIET pH 2
P, BT, WURWSE, RT, 43 HP-KGM, EEHM,
T 4°CI 38, DR o7 5L (35~40°C) Al 52 st 8] (1.0~6.5 h)
AT, 53 10 AR MS BFE S (HP-KGM-1~10) .
HP-KGM-1 J [ {5 & F 52 g 5 (8] 43 33 & 35°C, 1.0 h;
HP-KGM-2~HP-KGM-9 [ )i i BE A 40°C, s bz B 8] 43- 1)
J9 1.0, 2.0, 3.0, 3.5, 40, 4.5, 5.0, 6.5h, HP-KGM-10
2417 HP-KGM-9 (4R HP-KGM-9 5 HP-KGM-10 JZ i}
SRR, (H T AR R 22, (LR R 7R iR 250
FEINFEAT 225,

(2) FTIR 254 R AL

¥ KGM. HP-KGM #£ i+ 80°CTJ# 4 h, 105°CTJ#
2 h DABR RS P kY, WG, 5 KBriG, 7effskd
BRREEMANS A, A, JHLLAMEREACIE . HAGI A& 1F
Ak 4 om™, FIHEREL 64 1R, FIHETEEIA 4000~400 em ™',

(3) "H NMR Z5#6 4L

'H NMR B3 Bk B0 ik, FREL 10.0 mg
KGM Fii45 1 HP-KGM #2I8 1.3.1Q) 0 7 T4, BT
PG RIRES S 1 mL 1.78 mol/L DCYD,O JRA, %4, #E, H
FHW . RSB ERAE T, BTERE &P IRS THNMR
T, HA T 3R 600.20211 MHz, FRESIRE 25°C, 1k
AT TMSP (6=0 ppm), FKEERTE] (acquisition time,
AQ)H 5.52 ps, hEFEI(D)N 5.0, AT 32 K.
1.3.2  Ad8 &R IER 6 AL b

HR A 5 [ 25 L 2 R T L AP 4 R R IR A S SR
W KPRV I . L rp R AR I 2~ P o ek ] s
6 P B A5 R 2B PN o o v R R A T I

(1) BRIE I T 1]

1 mL IR OB AFI A 50 mL 46— 2R A)iK
FUHH, FEAMRA], BT 4°CuRFE P ARER

(2 THE VA5 VL P T ) B s o 28 F) 223

HEFFREL 60.0 mg L —FR T N A, fINA 2 mL 45
W), FNA 1 mL SRR, #EHR O, W RRE ., FHE
SRR AEA 0L 10, 15, 20, 25, 30 uL AY 2-BH

Yoi, FRETRFRE . FOMRS), TRoME, BOH _LARYE IbriE
TRWE o L 2-TL PR ke 4 R ) B (mmo ) A A A A, 2- B R e 5
RO Ben i IR AR AR, el 2-BR PSS b v Xt 1 G
Zih4k y=1.3318x (+*=0.9991), 5 @17 #2 /Tt
. HP-KGM K MS.,

G)FE Sl 2%

131 Ik THRFE S . BERICT M
HP-KGM Ff i 30.0 mg TR, #88 1.3.2Q2)8 7k m
RBDEHIAC /R . AR RS ER, %EDR T, FR
&, T 115°CII#A 70 min, AR HEERE, FXRKE, D
R 50 S A 5 R A TR, A7 RS E A 2E 10 mg MU b
WA R 3% S N I i, AT — 2RI . R A A, B
AR AR S
133 AAa&igitt

R FFFHE, PIRER 40°C, fAFF 3 min, LU
10°C/min B33 FHE 2 100°C, F-LL 50°C/min H55H K FHE
& 250°C, 4EHF 3 min; #EEECTREE: 180°C, Rrl#RiEE:
180°C; #<: A/, LBF 52 cm/s, ML N 50:1, HEh
i1 =TI O
1.3.4 HP-KGM BRA&XE 5

2 [ 2 O GC 2 FR TR B 2 10 5 e A R
HEEMR T HIRE TR T KA, FBIsh 2-BH
BE, AR 2PN o Bl R i 3 4B R R, DL IR O e
FENPNBREEI, LARBR BT AR s 2-T P e 75 2,
PR SL &r, RIADRASR NS . EEZ
Hhorb BB B DL 25 L 2-N e 5 P A O e T
FLVE b2 B, TS BIRE SV Wb 2 ek, RT3
3% HP-KGM 1y MS. (HARI bR HERTZe it 5" Pyt nt, 4
TG, THAEES R IR, AR G AR 4R
YT HP-KGM [ MS. AR h 2R 2R3 2-BUA BE AR
YR 2R AT 2-BP o (1 S 0 1 15545 51 HP-KGM 1 MSS.,
H ki HP-KGM U EE AR ()R, bRl 2k
T HP-KGM BUREE N2 3(2)Bis:

MS= 162.14x 4, x 4% n
1000 x 4;'x A xm —58.08x 4 x 4'xn
162.14x 4

~ 7000 % nikd, —58.08% 4 @
Horp, MS #7R HP-KGM WEE/REBUREE; 4, 41 n 53
PP VA TR P 0 F LA L o 1 06 T R 2PN e 4 0 TR
2-FUNBEI R, mmol; A A4; Z3 IR R O
PERUETET R | 2-BLPS e A TR L 58.08 R F2 N JE 1Y) B IR
iR, g/mol; m F/n HP-KGM Y T B i, g; 162.14 TR i
KA RN T 8 W BT Y BE R I, g/mol; k FUR 2-BLTN

B £E 1R, mmol ',

135 FEFHFR

R T IAIE GC 5E HP-KGM fY MS FUHERTE, ASBISE

M
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SR HP-KGM FE S I AR HEY) G 2-B00N e b v 7T 1Y)
FEEGIE R R, [ HP-KGM FP 40514340 0.098 . 0.148 .,
0.198 mmol A9 2-fPS%E, BN 3 P47, #5ME 1.3.2
TR, RIEHRIE 133 W 2-BA e, 4 iy milg
RAKEERE . RIS LAY 3 A5R1 10 £ 5E 2- T bk
MR A E R, SETTTEEE H MS AR S R E SRR
1.3.6 'HNMR %2 HP-KGM &) B AR B

PR 1.3.1(3) )5 1:384545 HP-KGM 1Y "H NMR 4,
RIG IR ARG EEH MS:

Ms=__ 2D 3)
Iy g—1y

X, Ly 1o 5518 Ho~Hg & Hy IR 0B
1.4 BUIELIE
%] OMNIC. MestReNova. LabSolutions. Microsoft

Excel 2016 F1 SPSS 26.0 ZK 4% T $RA5 10 504 264743 1 Ad
M VER R B E ST

2 GFERES

2.1 FTIR MR

ME 1A, 5 KGM 3% EHH E, HP-KGM By
FETC LWL C=0 MZEIRSN(1734 cm OB, S B ERN
AL 2L R R 2, BT AR 22 A 2 5 T35 1) I R g
WL B LR C-H AUFRIPAR RS 2970 em ™', A%
PR iR h 1458 em™ RIXAR S HIHRS) 1376 cm™!, B3
b i C-O-C 45 3R 3N 1155 em™ KIEE K, CofiffF
LR C-O MZEHRSN 1027 em ' BB AL K155, B2 H2
IR C-O MP4EHREN 1058 om ' BEZ AL 15w BY, iR
WEEHKINEI A KGM 5 FH .

1\
2020 2884 1734

HP-KGM

BEILE/Y%

/
1458 |
1376 |7
3440 11551058
1 1

4000 3600 3200 2800 2400 2000 1600 1200 800 400
WE/em?!

i 2970

Kl 1 KGM #l HP-KGM HI£15M %
Fig.l Infrared spectra of KGM and HP-KGM

2.2 'HNMR Z&#RIE

KGM #1 HP-KGM 1) "H NMR % /& 4 &l 2 iR . KGM
H 4.78 ppm VA& Ky H &b 5 Sk B 5 F % H Ly, 4.53 ppm IH
JE A IS S SR B R T8 Hog, 4.13~3.73 ppm 4 KGM

C~Cy T IE H, %) il HP-KGM 7 4.28~3.24 ppm N
HP-KGM 1 C~Cy JET F I H, g0 FH T it ¥ DCYD,0,
T3 KGM HiR e Wiz, M H B A WA 15
5, B0 2.18 ppm g 2L B LT TG HAB), 2.08 ppm Ky
Z PR LR 104 H'\P7, 7E HP-KGM HJC ZL IR AR 56 5
FUg, UL O ERN RS R L, T RN
(I JE R T 1.16 ppmPY, R GC JiE HP-KGM
MS B} G ZLBE A4

KGM H,
H,, 2.09
HOD 4 7¢ '
453 k
J H,\
I—I—|
HP-KGM

116

-

6.0 56 5248 444.036322824201.6120804 0
AL B /ppm

2 KGM F1 HP-KGM [ 'H NMR % &
Fig.2 'H NMR spectra of KGM and HP-KGM

2.3 SHEGIEAEERER

FERR I VROFIRE S S W S S B (B 3) 3 mT g
F) 2-RlNLE . BRI CUbE . A8 R R, LR R ] 4
4 2536, 3.651 Fl 7.210 min, WAk, & AT LI 2 S AR
MIC BRI, Hof B8 BF1A] 43514 1.420 min 1 11.209 min,
A= F W RAKBEEY T, (G RAEET FEA AT,
JIT AL 3] (4 04 458 /0N

A 25r 3.651 7.210
S 20t

X
B 1.5F

= 2.536

1.420 11.209
0 1 J

L 1 1
2.5 5.0 7.5 10.0 12.5 15.0
1 B4 1t (8] /min

B 25 3.651 7.210

11.209

25 50 75 100 125 150
R B I 6] /min

3 FRUEVETR(A)FI HP-KGM £ 54 3 (B) A (1% ]
Fig.3 GC spectra of the standard solution (A) and sample solution
of HP-KGM (B)
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24 BLUERAERZIEITE HP-KGM B MS &K H
5 '"H NMR SER9EE 3R

K GC BT L AR E I R A a5 5 4 iR .
5 "H NMR %45 2 A9 MS #4755 E, 128, GC Ry 5E 44
PUET "H NMR 3%, SRR Fe v, Ay 2 5 100 s it
1T, LU MS (1) HP-KGM h i, i A () &l BLER 5 ¥R N 5t
IEE R LR 64, SUMLER J& M i 1Y, (SR AT R ik
11, B GC & iy MS fflk, PRI T OE,; H
W, B ARERTZR S TH NMR ¥k B9 58 45 R4 17
MR, Fitk, TR 'H NMR 1R bR % GC ik
FIRCIE; ik AREMZRE S "TH NMR 357 7 A2 i 5
KIERE 50 1159, 1.164, T8 &M 2 5 (P=0.862>
0.05), [A b BR A5y A b o gl 6 35 58 T FlF HP-KGM. 1)
MS A9l 22 o

A

141
12F
g
g 1or
= 08F
z »=1.1395x+0.0171
g 06r R=0.9968
Z 04r
= 3=1.159x
021 R*=0.9965
0 ! 1 |
0 0.5 1.0 1.5
GCHL S FEMAMS
L
12+
g
g 10
= 0.8 |
A 1=1.1452x+0.0167
& 0.6
R=0.9968
04
= y=1.164x
02 R=0.9965
0 L | |
0 0.5 1.0 15

GCHRE R £ MS

T A Sk B ARdERRZRTA .
Kl 4 GC5 'HNMR L& MS 14
Fig.4 Comparison of MS measured by GC and '"H NMR method

25 FEFER

AMIFELET GC HS AR AR IR . it
B TS AR 2 2R W, 78 0,098 ,0.148 1 0.198 mmol
3 AR T, B PSTENRCR R 97.9%, FHX ARz
(relative standard deviation, RSD)} 0.8%, [F]HLAEMELL A 3
FEH 10 F5 82 2-BEPS e Ak Hh BRI E S R 433110 0.04 mmol
H10.14 mmol, XN MS A6 BRAIE BEFR 51504 0.26 Fl

1.08; bRtk B E 2N 104.0%, RSD H 0.8%, 2-
UL e A A L PR A2 1 BR 435154 0.04 mmol 1 0.14 mmol,
XTI ) MS A H BT 5 FR 43318 0.26 1 1.08, 4553
W, ARSI PRk RS . RS A, AT
HP-KGM K MS Bl E o

3 REHEiR

A5 SEH46 T HP-KGM, i@+t FTIR #1 'H
NMR St H A TRAE, SR8 GC Y5 5 75 FIAR v fh 2R 7
M%E T HP-KGM 1Y MS, R IE45 R 5 "TH NMR 757551
B MS H#EFTXF E, M T I AR . 455R A, KGM BN
SAb 3 AR TP ORAA BRI R 5] AR PR A 2R Y 25 B,
It GC & HP-KGM [ MS %78 ZBE R T, Hk,
VI A s MS 1) HP-KGM 6], I US55 F2 9 KR Y 2
IRER 64, ik TREZMAPRILE], HE GC BE R
BUCEZS R T "H NMR 3, UBIRE S5 FE v RO
Aoed, HIL#HSIA "H NMR X TRIE,; At
AR S FIRRUE R ZR I AP GC 31 HP-KGM 1Y MS,
s F R M 1159, 1164, T B E ML F
(P=0.862>0.05), #Ba] 1T HP-KGM B MS Ryl &, 5
2l o R DN A 2 2R P R DN AR i I R AR EAG IE R
B BLIAL, T 2 S RIS R R ik
AR LR, B R R 2-LPN e T4 (e
WAy 31K 97.9% ., 104.0%, RSD #BK 0.8%, 5 HFRE N
0.04 mmol, FHFRHE N 0.14 mmol; XFHL, MS AI# HIFR
#K 0.26, ERIRH N 1.08, XHAFM 7L T
HP-KGM K MS Bl E

H 4% "H NMR 200 E HP-KGM 1 MS 45 s, B3
X R S R, A R, AN IE R BT ARE . T
AT GC FARAERE, [ FALHFE & BV AT 3 2
HERE, AIRHEEIE, ik el ERHF HP-KGM A7
RS S ]  AESE R, KR ULRE T RN SRR 4
FEHBRNEES I E LR 53.4%~80.5% (MS 2.2~7.8),
HL b, ASHR S IO /N T IS 1 (7.6%~40.8%, B
MS 0.16~1.33), {HL 0] 3% -+ HP-KGM #fi i MS &,
HILHHTE T GC ERMIET L, X Sl A REUL
HP-KGM i i s il LA 2 E .
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