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# E: BH E 7 SAMHEGEE(gas chromatography, GC)IE ¥4 N 3 8 2E 45 H 52 B (hydroxypropyl konjac
glucomannan, HP-KGM)#JEE /R BB (molar substitution degree, MS)II 5 ¥, Tide  EEHI& AR MS 1y
HP-KGM #£ 5, T8 5 {8 B 28 3 41 4P 6 1% (Fourier transform infrared spectroscopy, FTIR)A1 'H #Z % L4R ('H
nuclear magnetic resonance, 'H NMR)X I HFA 745 FRAE, SRJ5 I GC e 2R 55 HP-KGM 7 5 2%
PREE R SO T AR I 2-T P e, ARG R N 2R MS, FB BT AR45 8 5 TH NMR £33 (1 MS BEfT HLE
iR FTIR 71 '"H NMR (g5 R EW, R e HP-KGM M J50E—KGM JT[E145 [ 2 BE R B 23R 7%,
Pt HP-KGM F MS 15 G40, ftt e MS 5 "H NMR #0245 R LR PG R, b sk Mbr e th £&
RIE R BT B4 1.159 (R*=0.9965)F1 1.164 (R*=0.9965), JUI.# k2% F(P=0.862>0.05), &5  ABIFAH
ZE B HP-KGM 33 TR 48 5L O B TE 7.6%~40.8% (MS 0.16~1.33)=2 [, A% T 26 [E 245 MU0 2 (0 58 Y2 T B 4 £ v
FENAEL S BIIEE 53.4%~80.5% (MS 2.2~7.8), HH#i9% T GC & HP-KGM HR N AL MS I [, 3% T
AT AR HP-KGM A Jo fib sl HLA 380 8 3
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Determination of the molar substitution of hydroxypropyl konjac
glucomannan by gas chromatography
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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

0 35

J5E 7 H 22 B Bl (konjac  glucomannan, KGM)J&—Fl
AR FRUK I LM, 43 FHE7E 200~2000 kDa A%, 3L
F 5 p-D-HI AW B-D- T #E W2 B-1,4- W B34 H2 1M1 1,
Hor Sk : o0 Cohil?, 4 HiFL)H 8%, £ KGM
TEAE S, DATRHEIE sCRE /e H R LA €, Cs i1,
B FRIETF A A, KGM H H 28 iiak 5L 58 A ik 2
FER BCAS A 2250, JLL B2yl 1.5~1.7:1.00,  F 7% Ui A 44
BlEgE I 5 A U H BRI R LA EE R L 2R 21, KGM HAT 58
WK PET . RRRRES . BEREE . A R kU O R A
By NN RS2 4 5 e T SN - LN -1 o B 01
BB, K KGM A SRR RE &, Rl s )
AR, KGM s i A etk 5 H Ay 1 9 2Tk
YIRS, (Hl T LB Z v, F KGM B Ff
EVERIFEERRART, ok KGM BNk, DA NI
AL, SR BRI AR Tk —

RN B ST 2 i R T O vk, A 2 AT
AR T, O N TR, Eh . F450
SRR T BRSO BUREE S KGM B 3
A A= W o B s DG SR R 2R, i ELEBCA B A X R T
I JEE 2 4 H #5 B B (hydroxypropyl konjac glucomannan,
HP-KGM)#— 171 & . A B R S HABR N
HALZ O A RN EBUCEER Ik, W0 'H R IHR(H
nuclear magnetic resonance, 'H NMR)PZ' { BLIH- 25 4.1 &b
63 (Fourier transform infrared spectroscopy, FTIR)?> 271 /3
TR TR PO R N RS R AU, Aot kI
PEETER B R, MORGAN ERIBE LI E R T 2R AL H
BB, HR AT 56 KGM BN AL fiE, o
A DL PR T B REI E J vk I E Y . AR 83 1 (gas
chromatography, GC)VERIE, {75 WAk FAE S RIFT B 8)
HERE, AICHERIE, & TR B

il

ABFFAURET GC A E HP-KGM ¥R FEIUR
A T, A LR 5 HP-KGM 78 /& TR 25 B T
S HE RN, I RE FL A ) 2~ e, R I R SRR
L (molar substitution degree, MS), & B2 & & 75 58 421
S I B R AR 9 LS TA B MERR N 2 7 ik —"H
NMR JEAER XTI, DR AL 2 iR IE R4k, DA
Tk A ARERA HP-KGM 114 5t it ¥ il $2 1 vk .

1 RS

1.1 MRS

JBE 2 H R BB (4 = 95%, BRI I VI 2E
FBRAED; FHEMLE. KBr(rHral, s Tl 4 B
Z3wl); NaOH, Jo/K . NER . EhiR(ordral, E2%EE
A R A FD); 2-WN BE(SERE 99%) . L3R be(4fi
& =99.8%) . 4F  H R (4 = 96%) . G R (4l
55.0%~58.0%) . . ZHR(ZHJF =99.5%) (|- 152 se bk A AR
AR HD); DCL (B G438k 35%) . & 3-(= H LRk N R
-2,2,3,3-d, FREMER [3-(trimethylsilyl)propionic-2,2,3,3-d4 acid
sodium salt, TMSP]f] D,O(4lE 99.9%, PHA% ) i Bl 23 57
GiABRA Do
1.2 UE5EF

DB-1 B4 (30 mx0.53 mm, 1.0 um)[ZHERRN L
(PEDABRA ], GC-2010 Plus[ e % M & 1o ks il £
(flame ionization detector, FID)F& il #%, H A # ],
CP3800 “S A (531X (32 [ FC HL 22/ 7); AL204 HL T K- (K
B 0.0001 g, HRFEI-FER Z AL HE)HRAF]
DHG-9070A 7 Fg FAE I o R T4 (WG % X e 5
BN HD); 1S10 8 B nf AR B 21 A1 6 1A [ 28 2R Gt AR BL B
(FFENABRA ], INM-ECZ600R/S1 4% 1 AL 4R I 1%L (H
A HL T RE R A%L); Topolino i R A7 #% (8 [ R IKA 2>
A]); TFDS0.25 BB HETERILUN & b 85 ik &
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1.3 XLWHE
1.3.1 HP-KGM #)#| % B R AE

(1) HP-KGM Kyl %

FREL 10 g KGM B F =S, ¥ 20 mL 20%M
NaOH %5 150 mL 70%[% L EHERIR &35, =3
PP NaOH &5 Z BHR SV, B+ KGM 3
S)4vEL, SRR BT R 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 R o B e A R, R L SR il
U8, DARBRAZR, K UEUHA Tk, HIRBRIET pH 2
P, BT, WURWSE, RT, 43 HP-KGM, EEHM,
T 4°CI e, DR o7 5 (35~40°C) A 52 st 8] (1.0~6.5 h)
A, 53 10 AR MS BIFE S (HP-KGM-1~10) .
HP-KGM-1 J [ {5 B #0152 g 5 (8] 43 531 & 35°C, 1.0 h;
HP-KGM-2~HP-KGM-9 [ )i i BE A 40°C, s by 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 2570
FEINFEAT 225,

(2) FTIR 254 AL

¥ KGM. HP-KGM #£ i+ 80°C T4 4 h, 105°C T
2 h DABR RS P Ky, WG, 5 KBriG, fEffskh
DRIEEMANN R, ER, FLAMNEEIE . HAGI A& h
Ak 4 om™, FIHEREL 64 R, FIHETLFA 4000~400 em ™',

(3) "H NMR Z5#6 4L

'H NMR B3 Bk B0 ik, FREC 10.0 mg
KGM Fiii45 19 HP-KGM #2813 1)1 e T T4, T
PG RIRES S 1 mL 1.78 mol/L DCUD,O V4, %4, #58, H
FH . RSB ERE T, BT P RS TH NMR
RERE . HA Ny 43884 600.20211 MHz, FRIEIRE 25°C, 1k
FNEIET TMSP (6=0 ppm), FKEERTE] (acquisition time,
AQ)H 5.52 ps, s EIEI(D) N 5.0, AT 32 K.
1.3.2 Ad8 &Rk ey B s

HR A 5 [ 25 L) 2 R T BE 4P 4 R R IR A S SR
W KPR R VR I . L rp SR AR I 2~ P o ek ] s
e P B 5 R 2B PN o o v R A I

(1) BR I T 1 T 1]

1 mL R LA SIS 50 mL 46— 2R A)iK
FUH, FEAMRA], BT 4°CORFE P RAE R

(2 PR VA5 VL P T ) B s o 28 Py 223

HEFFRIAL 60.0 mg L —FR T N, fiIIA 2 mL 45
W), FNA 1 mL SRR, BEHR O, WEfRRE ., FHE
SRR APEA 0, 10, 15, 20, 25, 30 uL A9 2-BH

Yot FRETRFRE . FOMRES), TR ME, BOH _LARYE IbriE
TRWE o L 2-TL PR ke R ) B (mmo ) A A A A, 2- Bl R e 5
R T Ber I IR O HARAR, il 2-BR PSS b v Xt 1 G
Zih4k y=1.3318x (+*=0.9991), 5 @)1 7 #2H Tit
. HP-KGM K MS.,

G)FE S 2%

131 Ik THRFE S . BERICT M
HP-KGM Ff i 30.0 mg TR, #M8 1.3.2Q2)8 7k m
RBDEHFIAC /R . AR RS ER, %ER T, FR
&, T 115°CII#A 70 min, AR HEEE, FRKE, D
R 50 I A 75 & A TR, A7 A S A 2E 10 mg MU |
WA Ry i S N i i, AN P — 2 AG I . R A, B
AR AR S
133 AAa& it

FE: Bp I, PIRiEE 40°C, fREF 3 min, LU
10°C/min F33 2T 2 100°C, F-LL 50°C/min F58 K THE
2 250°C, 4EEF 3 min; UEFETIRE: 180°C, Aill# i
180°C; AT AU, £RIE 52 cm/s, ALl 50:1, H3)
i1 =TI O
1.3.4 HP-KGM BRAXE it 5

2 [E 2 PR GC 2 FR TR B 2 0 e A R
LGSR T HIRE B IR T RN, AR 2-MH
P8, A 2-MPA e Bl R i 3 4B R IR, DA IR O e
YEN BRI, LARBR BT A sl 2-T P e 75 2,
PR RN S &, RIADRAS RN LU . EEZ
Hhrb BB B L) 25 L 2-PN e 5 PR R O e T
AR RS IR, AR SR RVE T 2-Ipa ki, b aa
135 HP-KGM 1y MS. (HARI bR HER L3t 5" Pyt t, 4
TG, AR R, AR G A bR 4R
AT HP-KGM [ MS., AR ZR 2R3 2-BUA BE A
YR 2R A5 2-BP o (1 S 0 1 15545 1) HP-KGM 9 MSS.,
H ki HP-KGM BUREE AR (DR, bRl 2k
T HP-KGM BUREE N2 3(2)Bis:

MS= 162.14x A, 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 MEE/REUREE; 4, 41\ n 5%
PRV TR P 0 LA L o 1 06 T L 2B PR e 4 0 TR
2-MUAN B R, mmol; 4. A4 ZF IR R O
BEMUETET R . 2-BLPS e (A TR L 58.08 R F2 N JE 1Y) JBE IR
iR, g/mol; m F/n HP-KGM Y T B i, g; 162.14 TR i
KR4 RN T 8 W BT Y BE JR I, g/mol; k FUR 2-BLTN

Bt £6 1R, mmol ',

135 FEFHER

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

M
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K HP-KGM FE & I AARHEY) 5T 2-B00N e b 7T 1)
TG IE R R, [ HP-KGM FF 4051434 0.098 ., 0.148,
0.198 mmol 1Y 2-BUPLE, B MINELA 3 A~ F17, #M 1.3.2
TR, ARG 1.3.3 W 2-BA e, 48 i milg
RAKEERE . R MG LAY 3 A5R1 10 f5Ha5E 2-I T bk
BRI E R, SETTTEEE tH MS AR R E SRR
1.3.6 'HNMR M2 HP-KGM &) B AR B

PR 1.3.1(3) )5 1384545 HP-KGM 1) "H NMR 3 41,
RIGHRIEARG) B MS:

Ms=__ 2l 3)
Iy g—1y

X, Lg. 1o 558 Ho~Hg & Ho IR L
1.4 BIELIE
%] OMNIC. MestReNova. LabSolutions. Microsoft

Excel 2016 F1 SPSS 26.0 Z 4% T $RA5 10 B4 2E4 143 B Ak
b1 (PN v

2 GERES

2.1 FTIR MR

mE 1A, 5 KGM 3% EHH L, HP-KGM B
FETC ML C=0 MZEIRSN(1734 cm B, S B C RN
FEAb R R R I 2, BRI AR 22 A 2 5 T35 ) I R o
WL B LR C-H AUFRIPZR RS 2970 om ' AXf
PR iR 3h 1458 em™ ISR AR S 1376 cm ™!, FEAHE
Ak ik R C-O-C AR IR 2 1155 em™ KRIEEER K, Co {17
FE C-0 MM4EdRa 1027 em™ FHZAHIHE, BUMLZ 12
IR C-O MP4EHREN 1058 om™ BEZ AL s BY, BimRz
WEEHKINEI A KGM 5 FH

1\
5020 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

K1 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 V& Ky H &b 5 Sk B 5 F % H Ly, 4.53 ppm IH
JE A S SR BR T % Hog, 4.13~3.73 ppm 4 KGM

Cy~Cy T I& H, %) i HP-KGM 7 4.28~3.24 ppm N
HP-KGM H1 C~Cs 5T T I H, 5. H1 T HIT 15724 DCI/D,0,
2 KGM s BR B WL, N IS MRS OG5
5, B0 2.18 ppm Sy 2L B4 LT TG HAB), 2.08 ppm Ky
Z PR LR 10 H'\P7, 75 HP-KGM HJC 2L R AR 56 5
FUg, UL O ERN RS R, T RN
(I JE R T 1.16 ppmPY, RILf#FH GC JiE HP-KGM
MS i IE LB A T3 -

KGM H,
H,, 2.09
HOD 4 7¢ '
453 k
J H,\
I—I—|
HP-KGM \ s 116
K,\'\ / t |
1 I 1 1 1 1 1 1 1 1 1 1 1 1 1
6.0 565248 44403.63228242016120804 0
AL B /ppm

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

2.3 SEGIEAEE RN

FERR T VRFIRE S W SME S B (B 3) 3 mT g
2 2-RN ks BRI CUbE . A8 R R, LR R ] 4
4 2536, 3.651 Fl 7.210 min, WAk, & AT LI 3 S AR
MIC BRI, HofBE BF1A] 43514 1.420 min F 11.209 min,
A= F W RAKBEEY T, (G RAEET FEA LA,
JIT AL 3] (1 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 BRUEVETR(A)FI HP-KGM £ 54 3 (B) A (.15 ]
Fig.3 GC spectra of the standard solution (A) and sample solution
of HP-KGM (B)
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24 BUERMRERZIEITE HP-KGM B MS &K H
5 '"H NMR SER9EE 3R

K GC BT TE AR E I &R i a5 5 4 iR .
5 "H NMR 45 21 #9 MS #E47%F E, 128, GC Ry & 2%
PUET "H NMR 3%, SRR Re b, Ay 2 5 1) s it
1T, LU MS (1) HP-KGM h i, i A i SRR 5 ¥R N 5t
IEE R LR 64, SUMLER J& M 1Y, (SR AT RS ik
1, B GC & iy MS fflk, PRI ZEx TR OE,; H
W, B ARERTZR S TH NMR ¥E B9 58 45 R4 17
MR, Fitk, ATLL'H NMR 4R bR iE T % GC ik
FIRCIE; ik ARMEMZRL S "TH NMR 357 7 A2 5
KIERE 50 1159, 1.164, T &M 2 5 (P=0.862>
0.05), [A b BRL A5y b o gl 6 35 58 T FlF HP-KGM. 1)
MS A9l 22 o

A

141
12F
E
g 1or
= 08
z y=1.1395x+0.0171
S 06r R=0.9968
Z 04r
= 3=1.159x
021 R*=0.9965
0 ! 1 |
0 0.5 1.0 1.5
GCHL M AMS
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 1 | |
0 0.5 1.0 15

GCHRE R £ A5 MS

TE: A MUk B ARdERRZRIA .
Kl 4 GC5 'HNMR LI MS 4
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 4 2R, 78 0.098.,0.148 1 0.198 mmol
3 AR T, B PSTENRCR R 97.9%, FHXFRfE(m2E
(relative standard deviation, RSD)} 0.8%, [F]HLAEMELL A 3
FEH 10 F5 82 2-BEPS e Ak Hh BRI E S R 433118 0.04 mmol
H10.14 mmol, XN MS A6 i BRAE BEER 51504 0.26 Fl

1.08; bRtk B E Y 104.0%, RSD K 0.8%, 2-
TR e R RS 1 PR RN 22 St BR 235124 0.04 mmol A1 0.14 mmol,
XTI ) MS A H B 5 FR 43318 0.26 1 1.08, 453
B, AHESE g RN IR IR ORI, PR
HP-KGM K MS Bl 5E o

3 S5

WS SEH 4 T HP-KGM, Hfi@+t FTIR #1 'H
NMR St H A TRAE, SR IG8 1L GC Y5 5 75 FIAR v fh 2R 7
M%E T HP-KGM 1Y MS, R IE45 RS "TH NMR 757551
B MS HEFTXF E, T IR AR . 45 A I, KGM &N
BAb 3 AR PR BRI SR 5 AR PRl 2R Y 25 B,
I GC & HP-KGM [ MS %A Z BEREA T8, Hk,
VI i s MS 1) HP-KGM Jyf4l], S AR SR 5 F2 79 KR Y 12
IRER 64, i TR EZ M I Fl, H2E GC BilE )
BUCELS R TF "H NMR i, UiBARE S 5 FE v RO
Aoed, WA TH NMR X TROE,; Aist i
HERA SRR HE R LR I P GC 31 HP-KGM 1Y MS,
g 2R A A 1159, 1164, T B E ML F
(P=0.862>0.05), #Sn] Fl T HP-KGM A MS il 8, S5 E
2l o 8 P LA 2 2R Hp R DN AR I B I A2 I AR TEAG IE R
R B, T 2 RIS R R ik
S EREE IR, B R i 2-LPN e T4 (e
WS35 0 97.9% . 104.0%, RSD #5847 0.8%, 5 HHFRES N
0.04 mmol, FHFRHA N 0.14 mmol; XFHL, MS A HIFR
#K 0.26, ERIRH N 1.08, XHAFM LA T
HP-KGM K MS Bl E

H 4% "H NMR 200 2 HP-KGM 14 MS 45 s, B3
X R A R e, A R, ASIE TR BT ARE . T
AN GC PARAERE, (S WAL HFE S BV AT 3 2
ERE, ATRHEEINRE, %kl BN T HP-KGM A7
R USRS . AESEEZ M, KR ULRE T RN SRR 4
FEHBRNEES I E LR 53.4%~80.5% (MS 2.2~7.8),
HL b, ASHE S IO /N T UGS 1 (7.6%~40.8%, B
MS 0.16~1.33), {HL 0] 3% -+ HP-KGM F£ i MS &,
HILHTE T GC ERMIETHE, X sl A REUL
HP-KGM ) Jii i 45 il HLA F 3
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