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Abstract: In order to identify a suitable substitute for traditional gelatin soft capsule shells, a series of composite soft
capsule shells with different glycerol concentrations were prepared based on a casting method, using hydroxypropyl starch
(HPS) and agar (AG) as raw materials and glycerol (G) as a plasticizer. The effects of glycerol concentration on the properties
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of the composite capsule shells were investigated. Fourier transform infrared spectroscopic analysis revealed hydrogen
bond interactions between HPS and AG in the composite capsule shell, whereas the findings of thermogravimetric analysis
indicated that the addition of glycerol reduces the compatibility between HPS and AG, thereby leading to an increase in the
thermal stability of the composite capsule shells with an increase in glycerol concentration (0~20%, m/m). Absorbance of
the composite material at 600 nm initially increased and subsequently declined with increasing glycerol concentration, with
maximum absorbance (0.60) being recorded for composite capsule shells with a 10% (m/m) glycerol concentration (10%
G+HPS+AQG), thus indicating good opacity. Similarly, the water contact angle (WCA) of the composite capsule shells initially
increased with increasing glycerol concentration prior to a subsequent decline, with the highest value (86.17°) being obtained
for the 15% G+HPS+AG composite capsule shells, indicating good hydrophobicity. The 15% G+HPS+AG composite
capsule shells also had good Young’s modulus (17.47 MPa), tensile strength (3.17 MPa), and elongation at break (94.17%),
thereby meeting the requirements for stable production. Compared with the traditional gelatin soft capsule shells, the 15%
G+HPS+AG composite shells were softer under dry storage conditions and had good storage stability. Moreover, given that
the raw materials are of non-animal origin, this would ensure better safety. Our findings indicate that the HPS-AG composite
system has promising application prospects in the field of soft capsule shell production, and will provide a theoretical
foundation for the industrial manufacture of starch-based soft capsule shells.
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Table 1 Sample’s ID and contents of material

%5 Gelatin  HPS AG  H,0 Glycerol
Gel 65.00 - - 65.00 —
Gel+tG 65.00 — — 39.00 26.00
HPS — 36.93 — 93.07 —
AG — — 7.74 122.26 —
0% G+HPS+AG — 36.93 7.74  85.33 —
5% G+HPS+AG — 36.93 7.74  78.83 6.50
10% G+HPS+AG  — 36.93 7.74 7233 13.00
15% G+tHPS+AG  — 36.93 7.74  65.83 19.50
20% G+HPS+AG  — 36.93 7.74  59.33  26.00

132 A @4

K AR B 21 AR 40 6 15X (Fourier Transform
Infrared Spectroscopy, FT-IR) XJ%& [ K b 22451
AT A, R 3 ek 4 BSOS B R AT D s B R A
R E (<5 um) MEMER. H-FHE e 5

B R A BOE B RN T b, FEER L4 em™ 1)
SRR AT, FHEE Y 4 000~400 cm™,
A4 64 K.
133 Z5dnsEMHmlix

W11 K o Jim ) B s ) B oKD, A
X- SR AT (X-ray Diffractometry, XRD) 43 #T
RIS A . BT 26 - Cu Ka ARFIES 4L,
FAHE N 10%/min, P58y 0.02°, HLRAE K>
7 40 mA 140 kV, FAREXIH 20« &AM 50, &
1B 50°,
1.3.4 #E 0K

K #E 3 HT4% (Thermal Gravimetric Analyzer,
TGA) X 5 Jz i) #Ee e g AT o A, 4 38 5 3k
B A& KN (494 mg) “FHTF IR R, 78
20 mL/min J 33 £ 50CUR B TP EEAT I, st A
Y 30~580 'C, JHEEAY 10 'C /min.
13.5 &RpaemIx

KT 7K 70 Ja B FE R BT R 1 emx2 em B S%,
W T AL EL L A BE . R FT RSN - BT G 23 6O R
T g 2% 6% (Transmittance, T) , KA NVE
[ 79 200~1 000 nm, FFfAIFE Y 1 nm. HX 600 nm
AL R T HWOEE (Absorbance, 4) , EHGHR
HWOGEE R E T X (D o E, BT R R AR,
RAOCEU T (2) #7581k

Ay=-lgT (1
Ay*x0.5
A: 0
7 (2)
Wi

Ay——H#% B AE, Li(gem);

A——RAFHE, L/gcem);

d—— %K ZE, mm.
1.3.6 ML SR AE

K -1 7K 43 J5 B 2 B s ) B 3 K /N E T
FEf B, fE20 mA FHIG AL 60 s, 15kV B K
T, XM HEEE (Scanning Electron Microscope,
SEM) WL 4% fe R MO &5, JEORAS #1000
5o R 38 R TR HEAT Y VR TR T, HH [E] SR AT
AT S, WS TR R K T O A5
1.3.7 KA A WK

1) 42 ik A7 000 2 AN 5 3 2 AR 2 S RS K
¥ fih /1 (Water Contact Angle, WCA) , FKAF &

169




MR B

Modern Food Science and Technology

2024, Vol.40, No.4

FMSEKYE, fEEE P THA AN E, ¥ 5 uL K
PRI TR R, R AN EA B & S IR,
T
1.3.8 g Haemi

FIFH 3% [ Instron 22 & ) ASTM D638 i fii {3k}
FE R AT I AR, R S 2 e ) R 44 7Y
HHE] R RST N 2 mmx 12 mm, # K& (Young's
Modulus, YM). Hiffi3 % (Tensile Strength, TS)
AWy 22 B K % (Elongation at Break, EAB) 7E
100 mm/min fRHAFEEE N IE . BFAMFEMEE 5K,
M.
1.3.9  HIEoH7

B R 06 45 B4 i & /b = kil sE PSR 1S $
W, ol DL A £ bR E 22 KoK, F A Origin
2021 FATHEATEE 7347

2 HZR5ie

2.1 EW R W R E TR

B 1 RIR T A [F &AL R0 20 4 ok 1
Gel+G % 7 1 1 635 cm™ F1 1 546 em™ &b 1 W Wiz Ué
Iy NVAJE TR 1 H (C=0 MigaiRsh) Ak 1
(N-H & izl , 2B 2 2k, KT
EARMAELE. 2932 cm™ 12 886 cm™ &b Y Ig 4y
SV JE T -CH,- 2[4 5 -CH, 2 2 C-H 459k 5)
1 600~1 700 cm™ ) 555 e g U= PR 6 52 % DX 35k 7k
) O-H H4E 3™, HPS (film) 7E 3 282 cm™ YW
Wi 5 4y A A B F ¥R 2L (O-HD 4R R zh =%,
HPS-AG & % 7 %0 BT 3 302 em™ &b, K4
THEMLBIME, O-H 3 B [ Uk i ik 548 1k
UESE HPS 5 AG Z [8) 1715 95 15 (1 &5 A0 B0 ™
HPS 7£ 1000 cm™ [ ISR AG 7E 1039 em™ AWK
Ve Sy 2 BB AR AE IR IS0, S T C-O. C-C 45 k5N
Al C-0-H 25 i #3051 2 M. AG (powder) Fl AG
(film) 7£ 930 cm™ 11 886 cm™ &b (1M ic e V=1 A T B
e AU A, 2 3R A EL AR R R AE W i
WM 76 1366 em™ YR UE A FR R R 5 3k A1 5]
", % hn HPS J&, AG 7E 886 cm™ F1 1 366 cm’
BRI AT W VR 2, 1 039 e 14 22 K R A4 W WA e o A=
Wi, LA Eg5HE, HPS 5 AG ZRI{74E B B
MEAERY ., szigst R, H &5t a4k
W B s AN, Ul B H N 2 R B AR
WAEF, AHA N H i nT 525 150 O-H WS, i B

170

ANI0H AT B 2 S S G 2 S P A B N AU

GeltG
2886 1546
Il 20% GHHPS+AG
1+ T5% G+HHPSTAG
17 10% G+HPS+AG
5% G+HPS+AG
™ 0% G+HPS+AG

Transmittance / %

16351 366

4000 3500 3000 2500 2000 1500 1000 650

Wavenumber / (cm™)
B 1 REHHMREN H THPS-AGE FL5E K MILIohstik
Fig.1 FT-IR spectra of HPS-AG compound capsule shell at

different glycerol concentrations

22 AWEKWNEREM

B2 AR B BCE 7 1Y) XRD B3, mf LU %
F| HPS (powder) £ 20 4 15°, 17°. 18°, 23° [f}
AT TR o g, N A BRI EE K. HPS
(film) ANAE 20 4y 19° BHEAAAE— AN TCE T FalE,
W 7E i) 2% 3% K2 1R 10 B2 R HPS 1) A ZR 45 X0
WA 5E AR, HPS (film) 78 SEI6 R i 47 41
TRRAEL M. AG (powder) X TE 20 A 19° [if}
BN E T S, 14° MBI RBEMUE R, P AG
(powder) A~ £ B &1 45 454, 1 AG (film)
£ 20 9 13.5° AAFAE RN R R I 25 dh g, 245 RS
Wu 25 R TS R 2, X AT RS TR TR
AT, BEES TRk T2 8 EAERH
I (1 SOU R A BB K ) = 4 X 2%, E R TR il
f g, X AG (film) 5 0% GHHPS+AG
RBCTESZ 1) XRD B rT %0, 8N HPS J& AG 145 &
U 2%, UiHT HPS IAFE =G AG &7 1B R
£, PAMHTERER, ImHH AG 4.

S 0% G+HHPS+AG 1 5% G+HPS+AG & i
B () XRD 38 ] A, i InH i e 5 G 2 R 1 o R
W B BE ek /N, DR BESE K, X R EHH S HPS A AG
ZVAEAER, (G155 0 E0E FRERT. %48
B 5 Bergo ZM i sin g B —3, @I AR Ry B
PIH M, XRD B B8 TE 20 = 20° Ab W2 3] — 18
gE GRS . XA RER BT H RSN K T s
SFREBER, HHAGWATERR, RV
A Y o S b 3R B A H I A D = Y K
HPS-AG 5 L% f7 W AR AN, IR AR T ] 2 45
il ZINRE Gel+G TR — 8, A FITE LI &1




MK EBBHT

Modern Food Science and Technology

2024, Vol.40, No.4

T Gel+G #E 7 5 HPS-AG E it %E i ¥ R kAW 5 &

Gt PREL = LR AR E

”mw///wm\“»*wwﬁﬁ\ﬁm
% G+HPS+.

15% G+HPS+A

10% G+HPS+AG
5% G+HPS+AG

0% G+HPS+AG

AG (film)
¥ /\,«\ AG (powder
ooV AN HPS (film)
- LT RS owde
5 10 20 30 40 50

20/°
B 2 FEHHRESH THPS-AGE B K HXRDH &L E
Fig.2 XRD of HPS-AG compound capsule shell at different

glycerol concentrations

23 EWEEKREMMN

100 =
80
<60t
=
%D 40 b ——HPS (powder)
B —HPS (film)
—AG (powder) .
20— AG (film) - —
0 1 1 1 1 1 ]
0 100 200 300 400 500 600
Temperature / ‘C
100 — 0% G+HPS+AG
— 5% G+HPS+AG
80 — 10% G+HPS+AG
. 15% G+HPS+AG
S 60k ——20% G+HPS+AG
,ﬁn — Gel+G
2 40
20 +

0 0 100 200 300 400 500 600
Temperature / ‘C

B 3 AEHHERESH THPS-AGE B3 KM E 2

Fig.3 TG curves of HPS-AG compound capsule shell at

different glycerol concentrations

Kl 3 4 AN [A] 52 B0 52 52 1) TG A DTG ih £k
Blo B SIS — /N FEARBY BCAE 200 °C BART, BB
J R IR SR B K S 4 AR AR
KU T R, AT DAL 243 CREIT g2
B — A IPEARIED, Gel+G F& K LE 320 °C [ fifL ik

T TR fE s HPS (film) 7E 299 °C [ P4 fi i
JH AT HPS &SRR ;. AG (film) £F 268 C [1IF4fE
WEIH R T AG KRR

3 —
5 ot
5
B Or
Q — -
= 9 —— HPS (powder)
2 12} —HPS(film)
s 15 — AG (powder)
E’ — AG (film)

,18 L
0 100 200 300 400 500 600
Temperature / ‘C

3 —
o or
g 6r —0% G+HPS+AG
2 ot —5% G+HPS+AG
o —10% G+HPS+AG
g 12r 15% G+HPS+AG
g -15 + ——20% G+HPS+AG
A gl —Gel+G

0 100 200 300 400 500 600

Temperature / ‘C
B 4 FRHEHRES B THPS-AGERERMAERERML
Fig.4 DTG curves of HPS-AG compound capsule shell at

different glycerol concentrations

70 H 9 ) A FE 0 DL S, 0% GHHPS+AG Al
5% G+HPS+AG & L% AL AE 295 ‘CH1 301 “Chbihy
LB IR AR, BT HPS 5 AG Z IR B — &/
M2, HPS IR INFETH T AG 1 # B s
B 5 H A B 3 — 2P K, 10% GHHPS+AG.
15% G+HPS+AG F1 20% G+HPS+AG ¥ it % i 7
AL T AR BRI, 4 AT 275 "CHI 310 C
B3, 23 X R AG AT HPS 5 4E B R 0,
] AG 5 HPS Z [F] FH 2% PR BE AR, KA — ERE
oy U, R BE S H A IR K, Rig 2
0% G+HPS+AG Hl 5% G+HPS+AG & It 5 7 [y Ui
7E 10% G+HPS+AG. 15% G+HPS+AG A1 20% G+
HPS+AG 5 A 2 K7 H I RRAE DU, FLUE(E IR 35 A
Friest, UOATESLIG IR VA Y, BEE H R
g fIE ok, SR LRI E A TR . Huo
SR R R, HMMAESS AG SUEH
Z IR T BT i ke, AT PR T3 R AR e 1. A
25 AG %45 HPS Ed4s o0 A, Btk

171




MR B

Modern Food Science and Technology

2024, Vol.40, No.4

B H AR I E R K, HPS 5 AG 2 W FIAH 7
SMA P&, 5 Gel+G AL, HPS-AG AL
B 1) AP figp U UL FE 3B IR T Geel 110 0 % ffe Vg Ut 2
DAL Gel+G 38 5 B 2% B v R A B AUl B

24 FWEEEELSMN

5 5023 S 06 B2 X AN ) 3 B Fr) 3zt 1 g
AT 7S, AR N 5 . BR 748 AG
PRy, HARTEREAE 200~1 000 nm U B 10 H AN,
BICR LIRS . 24P KIEE] 600 nm i,
P IEICAR I ZE T A2, 600 nm ALK H
T e 2 I E P BRI B K 600 nm b
HIEC R AN . T REKERZAR, &
SORAZ IO B AR o 3 B 5 AT G — e, ik
22111 6.

100 |
< 80F
8 60 L
g
k=
g 40
g
= 20l
——0% G+HPS+AG ——5% G+HPS+AG ——10% G+HPS+AG
——15% G+HPS+AG: 20% G+HPS+AG ——— HPS
oL ——AG ——Gel ——Gel+G
200 400 600 800 1000
A/nm
5 AEHEHRESH THPS-AGEEREZER LK
ML
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% 2 HPS-AGEBLEE R #Zfih f
Table 2 WCA of HPS-AG compound capsule shell
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