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Fig. 1 X-ray diffraction of V-type starch (a) and
inclusion complexes (b)
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Fig.2 FTIR spectra of watermelon essence (a), V-type

starch (b) and inclusion complexes (c)
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Fig. 3 DSC images of V-type starch (a) and water-

melon essence inclusion complexes (b)
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Plate SEM images of V-type starch (1 and 2) and

watermelon essence inclusion complexes (3 and 4)
2.6 VEERZEM-ANEBEESYNREITMN

il 2 K B V6 IR A e M i AW EAR
I k4% 1 T I ot e KU A Ak A B
SR o, WO R A Ao 3B B TP R
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W — BB, PN R B L2 A W il =
JROXUBR i R (0 R TR R an 181 S T o 8 R AR VE I
TR MAR S K, %R AE 4. 25 F150 °C
T 28 d S5 B BB S0 R 27.1% . 58.8%
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B4 TREETEEINSHRREANEE-ENESEAGYNREITN
(a) FEERRRY, (b)4°C, (c)25°C, (d)50°C; L. AT (0~5d), 2. H13#A (5~16d), 3. /53 (20~28 d)

Fig. 4 Sensory evaluation of A. japonicus intestinal peptide and watermelon essence-starch

inclusion complexes during storage at different temperatures

(a) new peptide, (b) 4 °C, (c) 25 °C, (d) 50 °C, 1. early stage (0-5 d), 2. medium stage (5-16 d), 3. late stage (20-28 d)

A ERA R, ZFERTE 50 °C 2 F TV K 24 h
J5 1Y BRI ik 80.7%, 2 PR H L B )
REvE, Jf FLIE % 0050 A ] 00 38 in 422 30 58 4 BE T
(B 5-c)o PRI, B AR PO ARG A I 2 1 ik v
1A By F e AIRIR e (R P e R A XU o

1 VU A A 1 B BUVE MY 22 2 B W R PRI A
FIZ kb, ZEESLIE 4. 25 F150 °C FIV7#E 28 d
Ja 1) BB R 43 5 11.1%., 32.5% Fl1 67.6%,
LY it 25 3R 1 T v e e, (EE AR T B
F2 WAV TR A S 0 R OGH 3 IR
50 °C i, BEZE A IE K, iR b B RURE i
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=ik peptide —JKB+E AW peptidetIC +ikF+ &G peptidetessence

g 100 § 100 % 100
S g 80 S 2 80 S 2 80
% 3 ¥ 3 5 8
=B 60 e 60 =B 60
B 2 40 B2 40 B2 40
% _.E. 20 g ; : B é 20 % é 20
2 0 5 0 5 0
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e N 8] /d 5 [i)/d T e ] /d
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(a) (b) (c)

5 TRIBEETRESBREAEANEE-ENEESYHEL RSN RERBRER

Fig.5 Cumulative release rate of volatile components in A. japonicus peptide and watermelon essence-starch inclusion

complexes (IC) during storage at different temperatures

(a) 4 °C, (b) 25 °C, (c) 50 °C

W) T S B AR ) SE A B i T R
A M PR A AR RUBR 4 5 7, AR B gE D VAR
S5 A UE M RN KSR P IR RS O JRORE 38 o [ A
WG &EE Y, Ham RN 63.8% (&4
). XIAE A A0S S H] B 4 e R 5 XU )
1E O BEAE N BRCRE, 40501 DA KR B Sy 5 500 o 4% 2
A, AT ISR 9.8% Fl 4.3% (5T 4350
Wulff S50 Fi| H L BEVE MY 525 2818 . (E)-2-F It
O, (BE)-2-TEESHERIAY, HAaOEREHE
H 5.7%~10.4% (JiT &t 53 %1). Feng 55 UK H 4% 7€
¥y 55 T BENR 5 B (Co-Co) F 0-25 1) 5K FH %5 141 in 44
HEREBI IR E G, AR E R 45.0%~
50.0% (a4 8. &5 LR, v RIZE 5 3 By Xt
PERFEAR EA RO, BHE AW
3B BT T B 25 K8 % A 2 R B B R R )

I X SRS X VORI TE B 4 A R 2
TIE AT A5 3] E % D 00 IR A S K A S B
K5 BB, AW A& 1V RLE R A m K P
25 S A2 T OB 4 R AR, X 5 DU Y —
H, VRS ER SV NE R B R A i,
VO IR 4 16 In $8F0 0 6948 R 9E A 31 3
3 10 FAMRE 25 s, DT 52 W Y 4 T O
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Mechanism of V-type crystalline starch-watermelon essence inclusion
complex for improving the flavor of sea cucumber
(Apostichopus japonicus) intestinal peptide

YANG Zhaoging ', WENG Wuyin >, REN Zhongyang ',  SHI Linfan "

(1. College of Food and Biological Engineering, Jimei University, Xiamen 361021, China;
2. Xiamen Key Laboratory of Marine Functional Food, Jimei University, Xiamen 361021, China)

Abstract: Sea cucumber intestinal peptide has antioxidant, anti-cancer and anti-fatigue effects, while the strong
fishy smell restricts its application in food industry. In this study, watermelon essence was entrapped into V-type
crystalline starch using solid encapsulation method. The inclusion complex (IC) was characterized by X-ray dif-
fraction (XRD), Fourier transform infrared spectroscopy (FTIR), differential scanning calorimetry (DSC) and scan-
ning electron microscopy (SEM). Meanwhile, the IC was added to sea cucumber intestinal peptide, and the flavor
of mixed samples stored at different temperatures (4, 25, 50 °C) were investigated. The results showed that the nat-
ural watermelon flavor was introduced into V-type crystalline starch, and the encapsulation rate of IC was 63.8%
(W/W). Compared with V-type crystalline starch, the crystallinity of IC decreased from 39.5% to 28.9%, and the
enthalpy value was 13.0 J/g. The intensities of peak at 1 023 and 1 158 cm ™' were significantly lower than those of
V-type crystalline starch, and the characteristic peak of C-H bending vibration at 856 moved to 839 cm™'. The elec-
tronic nose and sensory analysis showed that the watermelon flavor stored at different temperatures exhibited con-
trolled release characteristics. The IC could mask the odor of sea cucumber peptide and give samples a fruity fla-
vor, thereby enhancing the acceptability of consumers. In conclusion, natural watermelon flavor has been success-
fully encapsulated in V-type crystalline starch, and can effectively improve the flavor of intestinal peptides and
prolong the flavor retention time of the essence. These results will enrich and develop the flavor quality improve-
ment theory of aquatic products, and provide the theoretical reference for high-value application of aquatic products.
Key words: Apostichopus japonicus; intestinal peptide; V-type crystalline starch; watermelon essence; flavor;

encapsulation; controlled release
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