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HPLC quantitative determination and mid-infrared spectroscopic semi-
quantitative determination of maltodextrin in traditional Chinese medicine
formula granules

CHEN Jian-bo, YANG Le, LIU Fen, DONG Ling
School of Life Sciences, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To develop the determination methods for the excipient maltodextrin in traditional Chinese medicine formula
granule (TCM FG), in order to provide analytical technical supports for the quality assessment of TCM FG. Methods A HPLC
method was established for the quantitative determination of fructose, glucose, sucrose, maltose and lactose in TCM FG. The content
of maltodextrin was calculated based on the increase of glucose after the amyloglucosidase-catalyzed hydrolysis of the sample.
Mid-infrared spectroscopy (MIRS) method for the semi-quantitative determination of maltodextrin in TCM FG was developed
according to the characteristic peaks of the mixtures of TCM extract and maltodextrin with different mass ratios. Results Fructose,
glucose, sucrose, maltose and lactose in TCM FG can be determined accurately by the HPLC method. Positive systematic errors for
the HPLC determination of maltodextrin in TCM FG can be observed when the TCM extract contains a lot of ingredients (such as
starch and sucrose) that can be enzymatically hydrolyzed to generate glucose. These positive errors may be partly corrected
according to the increase of glucose after the enzymatic hydrolysis of the pure extract or the decrease of sucrose after the enzymatic
hydrolysis of the sample. Negative systematic errors for the HPLC determination of maltodextrin in TCM FG can be observed when
the TCM extract contains few ingredients (such as starch and sucrose) that can be enzymatically hydrolyzed to generate glucose. The

detected content of maltodextrin calculated from the increase of glucose after the enzymatic hydrolysis of the sample should be lower
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than the nominal content of maltodextrin calculated from the production formula of the sample because of the bias of the conversion

equation, the purity of maltodextrin, and the mass loss during the sample preparation. As the increase of maltodextrin, the position of

the strongest peak and the whole band features in the range of 1200—900 cm™' of MIRS of TCM FG sample become more similar to

maltodextrin, allowing for an intuitive estimation of the maltodextrin content range.. Conclusion For the determination of

maltodextrin in TCM FG, the sensitive and accurate HPLC quantitative method can be used as the reference method, while the

simple and green MIRS semi-quantitative method can be used for the rapid analysis.

Key words: traditional Chinese medicine formula granule; quality assessment; maltodextrin; HPLC; mid-infrared spectroscopy;

excipient; fructose; glucose; sucrose; maltose; lactose; semi-quantitative determination
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Table 2 Evaluations on HPLC method for five monosaccharides and disaccharides

e I i LR PETL R RSD/% IEE IR /%

(mg'L™) KEE ket EBIME CPIME RSD
Hwk lg¥=1.0149 IgX+3.5513 09997  19.805~1 980.500 1.52 0.94 2.67 101.88  0.80
AR 1gr=1.09231gX+3.3001 09991  19.906~1 990.600 1.92 1.08 1.77 10256  1.97
HERE lg¥=1.128 9 IgX+3.2345  0.9990  19.906~1 990.600 1.94 1.15 0.99 101.14  1.28
FIERE 1gY=1.07191gX+3.3195 09991  46.615~466.150 1.40 1.43 2.81 98.69  1.47
Lk lg¥=1.020 4 1gX+3.3962 09991  46.597~465.970 1.79 1.45 2.51 9830  2.16
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BERy R 1 g CREHAIZ 0.1 mg), 17K 10 mL, jRJiEIRS,
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(3) R thikat: HU L IR ROURE i il & 1) TR —
BEREIATL 2 ATESS 04 2. 4. 8. 12 /NEFHERE,
s e THIAN, SERE. EI A R T I T A
RSD H 554 1.81%- 1.19%. 2.01%, Vi ik
EVER LT,

(4) MFEE IR : A EHR SRR
By S22 ERIREIRS], T4 PR & B8 10%.
50%- 80%M 3 Ffah, &R “2.2.2” WiF 7
SEFFHIRE R GNBRZE ZFRIR B &Ko FK 55
SAID) 318 101%. 92%- 93%, 1t B2 20 kS &
TR N B AR VA R ZE A BTN, R RE R AR
Je BT AR R IE F T 368 22 () BT R0 R

(5) M FPEIRE: AT 3 MR SR
SRR E W 5 TE DE B 3 Fh L2 R0k
TRA], HI%E FHIRES EBYN 10%1 3 ke, %
MR “2.2.27 TR P ENE 22 P ks i (kg
ZERRE B KRR 73 5200 SN 99%~102%; 13
3 it BROHE AL Bl K AR AS[F] DE B 3 b i o 22 2480
K, A2 ZEIRS SR BITE 95%~97%. _Eik4h

SV BT VAT F A RAF, AOM TR e st ey =
(IR g B 22 2 MRS

(6) PG AFFFNE T 20 P2
HUYIRIEC 7 ke (19 FAEPIZ . 1 MshPn#i) 1 s
Tl B AIROE . 22 2P MRS BRI . T
EAEF R CE I R LI 2 50k . AT
[ 300 5 22 A o0 INRE (RT3, &% SR e . R
Wi RIEIRE. RERE. ZEREKEY. a-FUHE—K
G, E RS EIR 651 5:5:5:5:52 10
JRELBNRST, SRJE 4B e S IRE YT
5 PRERBERIOUNE . FHEWIRN S E. 1R 3 s,
B 7 AN S0l RS ) A TS 2 R 2 BRI [l i
AR (B EER A 77%, 572NN
85%, EZHHEEMEN 86%, 1IERAERE. WA
B ERIRE YN 89%) B R CHIAH R ABEA
111%), ZRFFEI 5 FhEppEFIxE . 258
RIS B INRE ISR AE 90%~ 110%, H)IE B AT 5t
FEH ) 5 PR BEROUNE . 22 2R MRS I HPLC & &
W75 4 3E F T A ] S A L .

*3 AEIRMPHRMMSE T FRAIFEER D MEEWE (n=3)

Table 3 Recovery ratios of carbohydrates in different kinds of traditional Chinese medicine extracts and formula granules (n = 3)

i InFE [ % RSD/%
SUME AR ORENE O ZEEPWE ALME EIPMIR AUME AERE RERE EEERE AW EZUMN
154 El 105 103 92 77 98 98 227 135 293 315 176 3.39
EFT E2 103 108 95 85 103 106 118 145 282 253 231 2.52
A E3 106 105 93 103 93 108 1.65 252 189 259 126 3.06
IHEH  E4 95 95 89 102 104 109 193 197 121 201 207 2.29
T ES 101 105 93 100 94 95 135 195 301 223 251 2.64
a4 E6 93 97 99 97 99 106 168 3.00 113 307 285 3.33
SV E7 98 111 98 98 97 91 246 295 112 290 244 3.04
A B8 101 103 106 98 99 98 233 237 138 291 251 2.95
Sl F1 95 101 93 98 96 101 238 317 184 159 256 3.47
o F2 92 103 91 100 99 103 3.02 272 219 212 141 251
TRAT F3 96 97 96 96 100 104 133 163 235 192 138 2.46
REH T4 92 101 91 107 95 103 137 133 302 216 206 2.64
W F5 93 104 96 107 100 94 245 203 122 179 211 2.10
K F6 94 101 93 101 97 96 215 283 166 114  1.92 2.97
W F7 98 86 96 96 107 98 278 230 129 129 290 2.43
AT T8 97 107 94 101 106 89 290 148 249 245 207 221
WER  F9 93 107 93 100 102 96 153 308 183 327 1.02 2.04
%2 F10 95 102 92 100 101 96 151 306 179 232 297 3.41
+¥de F11 90 101 92 105 98 99 290 113 221 196 195 2.06
fAAE F12 92 110 91 95 95 96 139  3.06 202 338 228 3.10
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TR RIS R SAAERFIEIEIRE. AR
RO AL FEAN S B BRE I SpE . FUBE, S
IR T TR, M e —E R bk
FREARE CELAAR K A LA DRIt 1 5 ) o AR i BEANTR] it
R 2GS BRI AR, R HIERRE (BanmT
VRN ) B IFIR A S R AFAEIRR
ZEM BB ER o BRSPS LLA R FAR AR 20
ANTE, BE 5 BURLAE ol B P 78 26 G n B — 00
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IR (3), #EmEFHA (4.

m wamwsnawnma/ M s = % Xw'g s+ (1 — W g smm) X
m s aEm e M s 3

Wz = (M pe g ssmmmi/ T pes — TN s s s/ T s )/
( % M R R ) 4
m N, wORT RS

AR IEE 75 RIORLAE: st Bl 92 J5 0 PR 22 2 TR
FUNE S 7K A D e W R FLA R 2 BB, FETHERLEE 2
WG S BN N ANBRR B 22 200 RERE. FUREKAR I
HiERE, = (5 s

_ 9 9
Wi = 19 XM wasswsiamnn/ M e 1g XM e

m g — % ><m HL‘:L‘:MME&:%%MM‘E/’" BT % X m wmwm’mm\%/m Fdh
(5)

m R, W R RS

TSR 808 R0 T T I (1) 49 AR A 2 R 8 o
&, MR (@O "TUIHEIR BB IR R RS
B, PRICRENE. W SR oy B A A A b
M FEI AR & 'R IR R E . BT F 5
fEHl M HPLC W45, a5 nfRlit&E
THHEIEE IR TR, PRACEERE . 222
FLHE 512 B SRR R B 7 A i AT I S B 2
ZERIRERIN S B IR R 2

A AR AP B R 2R E 5
PR AFILLBNREY) (RS =0 0N 10%-
30%- 50%), XFZ IR HPLC 2 &Rl 77 ik 1 &
Gk IERZEREIE T T 5%, R4 b
IR B ARG YDRE S BT I R RAT R T
e (AR 22005 IR IR TR IR D,
DA SRR FERE LU T 0 22 2R 44 L& 202D
THERZE EREEINS R, X D HERREBIE
22 ERSR IS & X (5) RN B IER
ERiibyoelllee o

M 4 Pros, SRR EERESEN 17.5%,
WAL S FE M 2 B 9.1% o B EAAA2 % TR JRE R 4350

*4 IREHEPHRMINEZFMBENELR

Table 4 Determination of maltodextrin in lab-prepared traditional Chinese medicine extracts

oy IR % A T o B 20 B0/ % WA o B 23 B0/ %%
" ZNEE S RNSE  BREBIE  CWBIE R EERE R A EEN R
SHRIRE 0.0 43 0.0 0.3 42 3.0 17.5 9.0 7.7 9.1
10.1 132 9.3 9.9 3.7 2.7 15.6 7.9 17.4 8.6
30.2 29.9 26.8 27.1 3.1 2.5 12.5 6.5 35.7 6.6
50.6 46.0 43.6 439 2.3 2.0 8.9 48 53.1 4.6
HIHRE 0.0 15.0 0.0 0.0 34 2.5 594 19.6 19.2 272
9.9 23.8 10.4 9.8 32 2.4 535 189 28.8 23.9
29.3 36.7 25.6 25.5 2.4 2.1 404 145 429 16.8
50.1 51.3 427 43.0 1.8 2.0 293 105 59.0 11.8
WKRE 0.0 9.8 0.0 4.4 3.5 0.6 472 108 11.4 35.7
10.0 17.8 8.9 125 32 0.6 429 9.9 20.4 31.6
30.6 332 259 28.7 2.6 0.6 33.7 7.7 37.5 24.2
50.5 47.8 422 445 1.7 0.8 24.1 53 54.0 17.1
WERE 0.0 2.0 0.0 1.3 34.1 7.8 42 455 10.0 2.8
9.7 10.8 9.0 10.2 32.0 72 34 419 19.2 2.1
29.7 26.8 253 262 249 6.0 33 324 35.8 1.9
50.6 46.4 453 46.1 17.6 4.4 2.1 234 55.9 1.7
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Fig. 2 MIRS of maltodextrin processed in different ways
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Fig. 3 MIRS of Lonicerae Japonicae Flos extracts with

different contents of maltodextrin

90% 4 HIZE +
10%3 50K

70%4 R E +
30%Z% 2EMIAG

50%4RE +
50%%%};%
4000 3000 2000 1500 1000 500
v/iem™!

4 EFHIFESETER IR MIRS
Fig. 4 MIRS of Angelicae Sinensis Radix extracts with

different contents of maltodextrin



- 6638 * F 8B 20235108 $54% $208  Chinese Traditional and Herbal Drugs 2023 October Vol. 54 No. 20

HRRH

I

I

90%F R H +
10%7 25 B K

70%5E IR H +
30%3E LR

S0%3 R +
0% I r/\kvaﬁ\
4000 3000 2000 1500 1000 500
v/em™!

5 EFHIESBRREMEEIZNYIN MIRS
Fig. 5 MIRS of Astragali Radix extracts with different
contents of maltodextrin
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Fig. 6 MIRS of Codonopsis Radix extracts with different

contents of maltodextrin
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Table 5 Determination of maltodextrin in traditional Chinese medicine formula granules of different producers

A o Wl 51T Jo 3 40/ % W gt i i e K0/ % IR %

REE O AARE ORERE CREE AR R AEE ORISR CHHZEIE MIRS

&AL JYHIL C 5.2 4.6 14.7 9.8 11.9 7.5 3.0 6.6 32 <30
JYH2 A 7.8 5.0 7.0 9.6 12.7 4.4 4.0 7.0 5.7 <30

JYH3 D 8.1 6.3 102 109 29.2 59 18.8 20.6 18.6 <30

ELE| DG1 D 2.9 2.1 439 109 274 29.7 18.1 22.8 16.1 <30
DG2 D 2.9 23 435 124 314 25.9 20.2 26.2 17.9 <30

DG3 D 2.5 2.1 444 103 325 29.0 20.8 274 20.1 <30

DG4 A 13 1.3 39.7 8.6 39.7 25.1 36.0 34.6 27.7 =30

DG5S B 2.2 1.5 44.7 9.5 37.0 323 38.0 319 26.0 =30

B HQ1 D 4.5 1.5 45.1 1438 29.5 26.2 18.0 25.1 16.2 <30
HQ2 D 3.2 1.3 364 122 33.7 19.6 243 29.1 21.1 <30

HQ3 D 2.8 1.0 364 11.6 353 225 26.3 30.9 243 <30

HQ4 D 2.8 1.1 364 126 385 23.7 28.1 33.7 27.7 <30

HQ5 D 3.7 1.9 304 128 422 19.6 29.0 36.2 31.1 <30

HQ6 C 2.8 1.4 25.5 9.0 45.6 13.8 42.0 39.8 342 =30

" DS1 D 19.0 32 8.6 269 26.6 6.3 22.7 21.1 20.0 <30
DS2 D 24.8 3.1 40 274 30.2 32 27.1 24.4 24.0 <30

DS3 D 25.1 2.7 41 278 304 32 27.1 249 24.5 <30

DS4 D 249 2.5 39 275 304 32 27.1 25.1 24.7 <30

DS5 D 15.5 0.0 7.7 238 33.0 5.6 27.8 29.7 28.7 <30

DS6 B 20.1 54 1.3 224 573 1.1 42.0 46.7 46.6 =30

DS7 B 222 4.9 43 235 41.6 2.9 45.2 33.0 324 =30

DS8 C 235 4.2 1.3 245 41.6 1.1 47.7 33.7 33.6 =30

DS9 A 20.8 3.0 22 229 443 1.7 49.0 37.1 36.9 =30

DS10 D 11.1 2.1 44 170 55.5 3.6 49.6 48.1 47.7 =30

DS11 A 20.9 2.4 00 220 54.6 0.0 51.8 46.9 46.9 =30

JYHI DGl
DG2

JYH2 ~ N
" AY
J N
f/\w ‘\_\,/_/‘\\
— __/\w/\
4000 3000 2000 1500 1000 500
viem™ DG5S
B 7 AR K&REE S FAH MIRS -

4000 3000 ' ‘

. 2000 1500 1000 500
Fig. 7 MIRS of Lonicerae Japonicae Flos formula granules viem™!

of different producers

8 AE HKHYIE /5 FRiAY MIRS
ZERIRE 4 U8 B HPLC Al & 2 AR AR (2D Fig. 8 MIRS of Angelicae Sinensis Radix formula granules
T HQI~HQS FHWGEHN & & T4 L& of different producers



- 6640 » F 8B 20235108 $54% $208  Chinese Traditional and Herbal Drugs 2023 October Vol. 54 No. 20

/A HOQI N
/ \,\

A
; o\
J—— ST ___f/‘\“/ \_\“&1’ R

//\~ /\'\
JARRYS HQ2 - AL
o \&‘%J/ "“/\\/’ N e

HQ3

HQ4

/N HQS
,J Q

HQ6

4000 3000 2000 1500 1000 500
v/em™!

9 AEIREKEHFHH MIRS
Fig. 9 MIRS of Astragali Radix formula granules of

different producers
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Fig. 10 MIRS of Codonopsis Radix formula granules of

different producers
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T EL AR, FrfS 2 (LA G 2= B R A
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Jto AHEL T2 ok IEBAY 1) NIRS B MIRS &
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