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Abstract: Silkworm pupa peptide (SCP) was prepared by enzymatic hydrolysis and then chelated with soluble zinc ions to
obtain silkworm pupa peptide-zinc chelates (SCP-Zn), so as to develop safe and easily absorbable zinc supplements and
improve the utilization value of silkworm pupa. Taking the zinc chelating capacity as an index, the optimum preparation
process of SCP-Zn was determined, and the structure of both SCP and SCP-Zn were characterized by ultraviolet spectrum,
fluorescence spectra, scanning electron microscopy, elemental analysis, particle size analysis and Fourier transform infrared
spectrum. The results showed that the chelation rate of silkworm chrysalis peptide was 58.05% under the conditions of 1%
alkaline protease plus enzyme, pH8.0, temperature 50 °C and enzymatic hydrolysis time 6 h. The optimum preparation
conditions for preparation of SCP-Zn nanoparticles were as follows: Mass ratio of zinc peptide 1:0.5, pH6.5, 55 °C, time

20 min, and the chelation rate of zinc reached 72.63%. The results of ultraviolet spectrum and fluorescence spectrum
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showed that zinc ions successfully combined with SCP. The obtained chrysalis SCP-Zn belongs to nanoparticles with an

average particle size of 71.99 nm, with uniform granular structure on the surface, and the relative content of zinc reached
37.46%. The -COOH, -NH, and -C=O in the peptide chain were the main binding sites of Zn** and SCP. The results
indicated that silkworm pupa was a good raw material for preparation of zinc chelates. The study provides a theoretical

basis for enriching organic zinc supplement resources and the high value utilization of silkworm pupa.

Key words: silkworm pupa; peptides-zinc chelate; process optimization; structural characterization
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KA G TE AR EEH4), (A5 14 22K R AT 9k e
P T RN FB, i sl SCP-Zn H A — & M5k
TR

SCP Fl SCP-Zn 14 i T H 43 HT B /s,
MFEER TS Cl. C N, O, Na, Zn, P, S fll K &%
JCER . N TR T4 M AREFES G i e AR S EReE Al L 451)
24k, $595 C. N O, Zn PURPICERREU Sk, It
FEEE Sy, g 1 iR, SCP H CL N, O = F#
JC 2 5 b 3k 99.87%, ZnAX 5 0.13%, 1iii SCP-
Zn 1 C. N. O =#7uE k>l 62.54, FF & ik
37.46%. X ULHA, K S8E 0 s DA R ORHE A TR
HR B

%1 SCP F1 SCP-Zn [ i TT R A AR &2 (%)

Table 1  Surface elemental compositions of SCP and
SCP-Zn (%)
JCH SCP SCP-Zn
C 24.49 46.29
N 13.47 29.79
(6] 24.57 23.79
Zn 37.46 0.13

2.3.4 CRIARSIHT ORISR R/ IMEHS TR AR,
SERAERFN Y B BPERT ) — N E S, K2 B
75, SCP F1 SCP-Zn Y F-HPkiAR 43 512N 153.36+2.31
(PDI: 0.35+0.01)#1 71.99+0.67 nm (PDI: 0.27+0.05).,
5 SCP #HLb, SCP-Zn A 2 A, HL 434 5 hn
b, X PLIHTE SCP Ml Zn* E S E K ET IS &
5, R R 5 OCEE e —3 . 54, SCP-Zn [
PDI {H/INTF SCP, #t—2ESE SCP-Zn RiA2 4341 5N
£, Zheng SEP AEREFUFBRE A IR-Zn 259
WA T RIS .

%2 SCP K SCP-Zn HYRIAR MR S04
Table 2  Size distribution of SCP and SCP-Zn

R SRR (nm) PDI
SCP 153.36+2.31 0.35+0.01
SCP-Zn 71.99+0.67 0.27+0.02

2.3.5 £IANGIE45 7 (FTIR)  FTIR 2 S fiF ik EE3E
LS I — P AE RO 15, W AR A Mo Asi B T

LI WK 55 42 T8 B8 =2 MV E A AP S A
FHH SCP 5 Zn ME G 1/EH, AKWF5Ei2 H FTIR X
SCP Fl1 SCP-Zn #4741 . 4nEl 6 Ui, 5 SCP #H
Lk, SCP-Zn ML AN GIE K A A T B B A8 4k, 4N N-
H fh4a e sh 71 O-H M5 PR sl = A Wi A W5 A
3303 cm ' B & 3273 cm’ !, M AR B9 C-H W i g
2934 cm' JHA, EEEH-C=0 M45IRshS [FLlihE 14
(1700~1600 cm™') 1 1650 cm™ £ & 1604 cm™', 3=
BT M N-H 25 [t Y2 35 2 C-N {8147 & 35 A9 B 11
B (1600~1500 cm™) [ 1556 cm™' F2 & 1524 cm',
-COO-H1 1408 cm ' #£ % 1417 cm', WML 1L 544
S C-N Ah4a PR3 A N-H 1 N2 i PR 218 22
el i 1239 ecm™ B E 1244 cm™!, -C-O Wi iig
1022 cm ' # & 1042 cm™'. X Ui HH, SCP P& A
-COOH, -C=0 }-NH,, ifii SCP-Zn H1 ik FTIR %
P g 58 B R A7 B ) AR AL D B i S L (A 2 5 T 2 G
N, f& SCP-Zn W EZEE G AP ENIMISESEH
i A IR A R R EL R I R S R S R
BP0 N Ca® HigEZ AR EE G5 . Zn* 5 &
K EE AL 4 -COOH . -NH, ., -C=0P7"%1, Sun
ZEP SR FTIR KB, IR &L N R 3k
O JF ¥ Zn™ BE Y 2L
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Fig.6 FTIR analysis of SCP and SCP-Zn
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SRAREELE 1:0.5, pH6.5. & 55 °C. HJ[d] 20 min,
HEHTEES HRIK 72.63%. M EIHAKS Zn* B E&RT)E
BATEERIFRAE R IR, FEOES G235 IR d ik & A= Imik
ARk TGV K | R HE SR K ot 3 AH AR I B AR
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B M IREE R HY-COOH , -C=0 K -NH,. ASHF5E
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