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Characterization of glycosylation of zein with inulin by

dry-heating and its application in capsule shells
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Abstract: This study focuses on improvement mechanical properties
of the zein films by glycosylation modifications under dry-heating
conditions for capsule shells. The characterization of zein-inulin were
analyzed by SDS-PAGE. DSC., FT-IR and SEM. The result indicates
that the tensile strength of zein-inulin were 2.46 times of non-modifi-
fied zein. The formation of conjugates was verified by SDS-PAGE,
infrared spectrum, and showed that the zein could joint the inulin by
glycosylation with the covalent bound. The thermal denaturation

temperature of zein was increased by DSC. It indicates that the ther-
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mal stability increases. Zein and zein-inulin films were scaned by
SEM. The surface of zein-inulin films" microporous structure disap-
peared, and the smooth of zein-inulin film was better than of that ze-
in. The capsule shells can be produced from zein and zein-inulin. The
inspection items for the capsule shells met the requirements of the
Pharmacopoeia of the People’s Republic of China 2015 Edition.

Keywords: zein; inulin; glycosylation; characterization; capsule shells

ERBUHAZ KW EBEY Z — . H ™6 0] R E &
HAT R 32 80 72 0 00 . W B R L vE A S DL vE
A3 O JEORHER N 7 Wy B 2 T T B O Y A R
PN DR a7 E 0 T e S 5 I 11 S SR 1 B O 1 1 D
R YR LA B 7 R T R 596 ~ 624 19 oK 35 K (Corn
Gluten Meal, CGM) , i 25 (4 Jli & & 25 6020 . EH W N F
KBV 2 (zein) 0,

H T ORI 2 T K s K e R R L A7 7 7 i 1k
2%, FUBOMLRS B & A B AR RS RS, KRR P 2
LT oK B Ry 32 B AR AR B 3 4 2 R AR D TE B
Tk AR o H 5 — 77 T8 R Dy TR K T AR 0 R R R
SERY 0T RETE TC T BN OINAR) LR 0) 0Y A5 4F R RERA R AT
RH 0 B BHL A1 7 B 3 s i W I, B T A R K
VAR R IO R A v e R A A DRSS T T A 1 A A
R AR B B BB AR 1 I O g ST L (HR SR 4
K Y S ) A 0 T, R R R L A i P AR AL RE A
B AN AR QWP 5 L S BT 2 L SR RO 25 L IR e B 2 B
BRI L A Shy e 3 BE A4 B BT RLBE D



GEE

2018 4% 10 9

B B B A R AN R R A A R AR S £
KA o (o 25 19 )50 43 F 2 1) &5 A4 0 20 4k 0 & 2B e AR L AT 3K
RFF AR B ERR D R Al O R A R W
WANE O BT AR T RO AN AL . B TR A
GG A A OO IR R B — R A M B A R R
B PE R Tk s A BRI 2 8 . THGE A A
T RN 20 A AR AR S R L AR S 2% A X I R R
N ik B TR PR A 1 R i A SR A T R AR A BOIR S B 2
I — A SR A S A R F 5 0 B R A e RS T OB 7 )
B L G P il R T B M S L A . T B TS R T B F g R A
VR TR A0 T T W A IO 7L Y R P BB R R 1 L A
AR KO AR S P A T A6 2 2R 11 5 ) 5 B 1 LA
HERER A I AR .

M (Z BB inulind) B R SR VE 2 0 LA R
SRR A 2 F G R T g AR R . I A LR
B M0 % 48 K BV B HEAT OPE 1 AR DG AIF SR A E L AR D5 L
P48 03 76 ORI 2R 1 AR, A2 MBI 8 181 JB o Ak
) 245 265 ), B v IR ) 0 B J3E DA SUD A ) 45 ) B O 0 R
AR LIS 4
1 #eLS ik
1.1 #R5iEFH

FOKBEREE 70% SRR B S & 90% . [l s

By . DP > 10, &l & > 95% , f W5 £ W TR B A BR
NFE

a-VERI 710" U/mL, 7 H EZ BT B AH R A

SRR I AL, KT OGRS Al Ak LR 5T 5

T E B R A - e K G R R TR A A A R A A

B3 AL ZTE < 43 BT 2, R T AL BORS 4 Ak 2 WO R A

R T R N e S T N P NN A= 3 771|
1.2 E{EE5EE

JEAAL - QTS-25 Y, & E AR KA Al 5

2R A B P . Q-20DSC Y, £ [ TA UEA 5

R T S < 53400 0, HOA H ST BRA D 5
S PSS kAR B8 WSL-1000D U, 3 50 37 A 28 4 FR

Il

/L\\
B BT EHL : LYOQUEST-85 %1, FE HF - Ze 4362\ A 5
B AF 20 4b 6 3% 4 BT 0 FIFIR/NIR 3, 38

PerkinElmer 2 7 ;

B @ B R AL . GBCYOL B, # yT % 4% 5 vy T B A7 IR

NI

1.3 R AHE

131 FEEsfbon AR ERBEEE A 70% L B

VA TRV A TR 8 00 1 T K BRI 2R 1 A R, 3 LI A

—E B A S R RS TR pHLE A (500 W, 10 min),

R AT B BRS80S ML, BT X8 B R 79 %6 i ML R

TAETRE 60 °C Iy T I8 2% N N — 58 I ) 45 5] 5 K B IR

1 — 380 (0 Bl S5 AL SOt = 4

1.3.2 BRI HE S Al o FRIBORE S v, 70

QB R T L 8 0 B B VR TR . #E 65 °C R 1 Bk 30 min

PEATUEIE o AR BB AR 85 SR BT 70 "C EAH T 10 5

W R LT 70 °C FEWR A YN 12 RETHE LT
B HE T B B B 5 . B TS A I Rk B e T IR R
30 °C VAR MRS 4390 T M8 75 48 ho 6470 7E .
1.3.3 WEWH 5Tk

(1) 2B TS P B 8 i P BB AL 4 em X1 em
ORI N e a7 (SR R LK D S W T D S - R i)
20 em, B EE R 5 mm/s, PR A IR (D5

F

TS = ,
S L XW

@Y

vl o

TS—$Hihrsk i, MPa;

F—& KAL)y N;

L JIEEAE o 1) PR s o CFE IR 9 300 % o S5 06 3
AT 10 AN g o R D0 JEE S0 5 JHC RS BE L P 4 4ED 5

W——JBERE 5 1 6 B, mm,

(2) FORFEHEHE TS 1 SDS-PAGE #E Ji¢ By Uk il 7 -
K FH 58 T M T M 8 e H Yk (SDS-PAGE) ¥E 46 I . % &) 317 2% 1%
R-250 Ykl JE B 6 54 o O Ak otk S A5 B pob R
By B0 S A N0 o P 7 A R - Schiff 42 70 vk L 45 BB 40 (5 Bk 4
0, %1

WERIARI ORI B A KRB B A — A it ik
YO 7= B TR (B 4T . 7026 O BE T WV
fife  BC B 1 mg/mL B9AE G A W, T 10 000 r/min B0
10 min, B 15 0 B IR E 12% , WA I 4%, i AE
10 pL, 18 JE# B W4 80 VL 4B 100 V., FREF T
B B BE B AR 1 em 22 A7 455k vk . [, DR 2 7 =
Ul AR AR Ry B T A AR MERE B BN 2o 4 Ak ) B AR O Wl R AL
FERI I bR AERE 5

(3) 2B B MELL AN GG A SR 08 L ot A2 20 A0 5 % 43 A
G, F 3 95 B Dl 500~4 000 em ', 35 6l 3 FE R 8K 32 1K
SPE4 em !,

(4) A7V B 7 - AT 25 7R 1 4 i B (DSCO) 7
20~250 C FI 4, FHR B EE Dy 10 °C/min, ] 7 £ K BE A &
T B R T K T T — 8 Wl e g A

(5) 25 1 AU 25 0 00 7« 4 6 OK et 0 A 1 R 52
= B8 89 % 0.5 mm” (IR 56 Fr . AT A B8 A A0 B Jin e
JE 15 KV, HRE SO 3 i T 08 (SEMD Aol 84 1
2 8RS0
2.1 AEMEFRRABELER

G390 0 A SO S T OK VA A — B IR ORIV AR
P B B S B ) B o L 5 R LI 1,

[SEES I T IS I I 2 I 7 i A 5
8.23 MPa, FREEHE N 4.67 MPa, EARELEHEH — %
IRy 11.5 MPa, 56 W] BicvE 5 09 28 B BEHE i o BE 15 248 5 .
2.2 SDS-PAGE B B ik 9 47

[l 2 Sy B OR BV R A ORI 2R 5 45 4 afE A7 0l S
IR BT Ji 0 2 37 5 0 e 0 Tl ROW 2 9 4Tt g B L0 A o
VKB I FRARE 4> 9 14 400~97 400 Da %4> F AR HEHE A
FBRAR o E AL PTG

105



F34BE 108

SRR A5 T Wl A e P T K BV A 1 7 R W AR R B T IR B S b B L T

141
121
d‘g
= 10f
g —
2009
BE L
Bz ©
=
2,
0 = : » ‘ e
Cliliy FARBEAEANE TR
R+ B 43 B
B 1 FRF BG4k
Figure 1 Tensile strength of film
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Figure 2 The electrophoretic profile of the samples stained

for zein and zein-inulin
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Figure 3 FT-IR spectra of zein films and zein-inulin films
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Figure 4 DSC thermogram of zein and zein-inulin
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Figure 5 Scanning eletron micrographs of zein films and

zein-inulin films

RN — /ML TR BRI & H — 40 B R WO i P
BB ALBE . DEWD 25 4 B I R S BOBEYL AR RE 22 )
JELEAL BRIV 5 1 B0 407 56 B8 1 TR — RE WY RE WA, S LB AR —
B B RO B A R A R T IE A B 2
B0 TR ERBEEE A T RIS LIRS 2k .
2.6 BETHHE

e TR BRI R0 TOK BRI AR — AR A R L 42
BRI TSR 1 ¢ ST R IO AR AR IE A E 2
B (2015 RGO DA I HE A0 0L | i T A i B W B RS B R L TR R
)5 5 T G AR R A A AL 2 SR LI 6 R 1

B 6 ke g

The preparation of capsule shells of zein

Figure 6

and zein-inulin
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