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Fig. 1 Particle size distribution (a) and mean particle size (b) of the mixture of fish collagen peptide and

calcium with different ball milling time
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1. 15 min, 2. 30 min, 3. 60 min, 4. 120 min, 5. 240 min, A< & /N5 F
BEORZE R R E (P<0.05), WRZEHEAE 3 KMERAAHEMZE, TR
Fig.2 ZETA potential of the mixture of fish collagen
peptide and calcium with different ball milling time
1. 15 min, 2. 30 min, 3. 60 min, 4. 120 min, 5. 240 min, different lower-
case letters indicate significant differences (P<0.05), the error bars rep-

resent the standard deviation of the three measurements, the same below

di LW FEAK, >3 000 u. 1000~3 000 u Al 500~
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SAE W W07 T3 313.9 em™',  BREE 240 mln}:
8158 B R B A 4% Y -NH, W2 104y 3 380.59 em ',
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RHEETE R, PR TR AR g . DAER
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THIE, 260=26., 28, 48 I 584bF=: T8 W i

2.7 JLEARK

1 Jie i K = B2 50 R 4 BB R L AR IR
H}1C(69.09%) . O(25.45%). P(4.36%). C1(0.73%) Fll
Ca (0.36%), HH C. O WFHEILEK., KEHBRE
BRI ZER, C. O 5 LB Wi /b (P<0.05), i
Ca [ LB Hr3G fin. BREE 240 min f5, C . O, P,
Cl, Cafly i b2 5N 8.47%. 8.35%. 20.34%.
32.20%. 30.51%, H:J P, CIAI Cah EEILE
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*1 TRIKENENERERMNIGESINS FELH

Tab. 1 Molecular weight of fish collagen peptide and calcium mixture with different ball milling time %
S TR EREERTA] ball milling time
molecular weight 15 min 30 min 60 min 120 min 240 min
<500 55.806+0.450° 53.123+1.020° 49.022+0.260° 43.627+0.490° 35.999+0.510°
500~1 000 19.178+1.640° 19.532+0.290° 21.402+0.420¢ 25.490+0.350° 27.031+0.120°
1 000~3 000 21.672+0.160° 22.286+0.420° 26.671+0.920" 27.378+0.230° 30.539+0.410°
>3 000 4.344+0.440° 5.071+1.680° 4.170+0.280° 6.615+0.470° 5.981+1.620°

Ee FPIAR/NG FREROR 7 57 .3 (P<0.05), F[F

Notes: different lowercase letters in the same column indicate significant differences (P<0.05), the same below
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#*=2 AEIRERE & RIFEKFERE &80 pH (&
Tab.2 pH of fish collagen peptide and calcium mixture

with different ball milling time

EREE I 8] /min

ball milling time pH
15 6.34+0.67°
30 6.85+0.56"
60 6.92+0.54°
120 7.69+0.79°¢
240 8.75+0.92°
90
a
T
85 T
Q b
N I
B 8 g0 | ¢
&g T
¥ o d
= T
© T
75+ d
1
70 . . . . .
1 2 3 4 5
A 18] /min
time

B3 T EIEkERE&RRRMIGHESR
Fig. 3 Chelation rate of fish collagen peptide and

calcium with different ball milling time
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‘/\/J\/\/\’\/—MO min
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WH/em™
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B4 AEIKERTE & REKRESISHIINLIEE
CK. XA, NEREK, ~FH
Fig. 4 Infrared spectrorogram of fish collagen peptide
chelated calcium with different ball milling time

CK. control group, which is fish collagen peptide, the same below
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i A5 o I I A S, 8 SRR B S Y
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Fig.5 X-ray diffraction (XRD) histogram of fish collagen peptide chelated calcium with different ball milling time

(a) control group, (b) 15 min, (¢) 30 min, (d) 60 min, (¢) 120 min, (f) 240 m

BEAS, FheErr o LE RN, XA M FHET5
FAEFREEIC AL, M E G SR W g =™, #t
UKRAEPSE A R K R R ST & T AT VRS , PR
S HAMRE AR S @A RMRES, R
WS EZBREL 16, pHIH 48, R
60 °C, EAWTE 1.5h, FA RN 89.32%; ki
45 UV 3 5 K i £ 5 ) A T i TR IR
BAES M. BRASTRE L 41, pHAE 9.0, I&JE
30 °C. #4 mffa 20 min, 4 E K 90% UL |,
Wu S5 Tl 1 5 A S A A T I R IR
A5, SR FH O T B e R S A KA
B 4.5 1, JBE50°C, pHH 9. 4 It
40 min, FEMCERPE T ES N 78.38%; i i
ff B SN RIS Gl TR RIS B85, Hiw
HEEA %M REFE2: 1, iR 60°C. pH
i 8.0, ZXA4WIAI40 min, 7F M &1 F A RN
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38.97%; 5K & 55U A R A R R NS A A
WL IR S I R A A MRS A
LSRR 2 1, pHH 6.0, i 40 °C,
AW 50 min, KBS FEN 51.6%,

SR FH 1 B BR BB 1) J7 5 I 45 3 1 B A R AR
ST R AL, H BB & T LR i 2R Y i .
5. WM AR, AT EE MRS
. il TR AL

35 WEEHSH

TE & 4 vpa] LLBH g b 52 3 Bk i A (3 300~
3420 cm™"), MEMZ B (2 940 cm ™' BT A K Bk 1
(1 600~1 700 cm™), ®EHE T (1 500~1 600 cm™),
PR T (1 200~1 400 em™") 5 A RFAE G, 158 B £ )i
Jir KB 5 465 R £ 5 it L A7 M TR g e i B P 4L
AP REAE W S0 B AN T] 3R S s [ g £ i D
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*3 TEHREBREEREKRESTHHIEFLG
Tab. 3 Atomic ratio of fish collagen peptide chelated calcium with different ball milling time %
H  groups C o) P Cl Ca
XHHEZH  control group 69.09+1.69° 25.45£6.03° 4.36+2.16 0.73£2.64" 0.36+2.12°
15 min 9.83+1.12° 13.56+6.43" 5.42+0.54" 47.46+0.54" 23.73+0.17°
30 min 11.15+0.74° 10.78+3.24° 6.69+0.29° 44.61+£0.33" 26.77+0.66°
60 min 10.79+2.16" 13.67+2.56° 10.79+£7.31* 39.57+0.46° 27.70+2.57°
120 min 10.03+2.02° 9.70£1.01° 16.72+1.29* 36.79+1.79° 28.43+6.12°
240 min 8.47+1.04° 8.35+0.74° 20.34+2.67° 32.20+2.43" 30.51+1.69°

EA S 5 A0 IR K A 20 A0 R P 3 AR — B,
IX % B £ D KBS A A R £ e TR IR A 3 AR Ak 2
it bR ERENES, a4 EE L, KR
RRHT-COO™ Vg WU UEN, T 1 643.89 em ', H A
JOR P4 122 AT ) 3 9% 5 1 B 8h1 81) 1 540~1 555 em ',
TR PR AT R 2 s S R R i 5 0 B B T Y
0 2 JE K FE 3 313.9 em™' 24 -NH, A9 55 AiF W Wi i
M BK B 240 min ¢ )5 K G 45 19 -NH, W i 4
3 380.59 em ", WA U [ < I O 1) 7% Bl A i
AR R A S E R4S A, NHH 0
&K, AHRADY, L, 7EARSCE TS B F R BE
F2 T 5 i R 3R R R iy 1 2 SR R R A () A
B, TBRLRUES & S5 k60,
3.6 X-fiT5tSAFE

Ji DR A A A - X A
CH 2 B )- Xl & B i 4 = kAL ke, Hoep XO7T
DR AT A SR vk ™, fa i I K 1 X0 4k
7 5 B A7 AE R kw2 B e A K 2 59
gh i aE e AR SRS BRI, B kAT
B AR fh o BRI I fA0 J = 2E T 2 0 B I
Wi, A £ SRR S S 4 A i, e Heas ) b
B A TR EAE R O, 2801 AL TE R
WA 2, B RO AT S e HE B, B R R 2 B R A
BHETEA RN, RIEMARE/N, e HIRE,
LI B A R AR AE L B 2 BRI ] A A
IR KBS A S R AR Y R AR A, HLAR AR K,
d W R S 1 A5 i RO 55 R A B,
BT Mo, R 02 RS kA AR R,
It FLIE 25 BR S i (6] () 4, HE 5 IR 245 4 0 oy 1
HESTE i K%, 4 e, M IR A
() X 5t 2 A 59 i Tl Pl 2 06 07 b 4 A0 R 97k A
SRR 2 AT 4R, BEE &R fbds ik, A
iR RS ALY, SRS
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Preparation and physicochemical characteristics of fish collagen peptide
chelated calcium by high-energy wet ball milling

PENG Ling, CONG Lin, XIONG Shanbai, YINTao , YOUJuan, HU Yang

(National R &D Branch Center for Conventional Freshwater Fish Processing (Wuhan), College of Food Science and Technology,
Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Calcium is an essential mineral for human body. Deficiency of calcium leads to osteoporosis, even
induces diseases such as hypertension, diabetes and kidney stones. The common calcium supplements found on the
market include calcium acetate, calcium lactate and calcium gluconate. Calcium concentrations of these calcium
supplements are high, while bioavailability is low. It has been reported that the collagen peptide chelated calcium
has the characteristics of high stability, strong anti-interference ability, and high bioavailability. In this study, fish
collagen peptide and CaCl, were physically milled with a high-energy wet ball mill, in order to develop new pro-
duction process of collagen peptide chelated calcium. The techniques including FT-IR infrared spectrum, X-dif-
fraction and EDS energy spectrum, were used to analyze physicochemical properties and structure of the collagen
peptide chelated calcium. As the milling time was extended from 15 to 240 min, the particle size of the mixture
showed an approximately normal distribution and the average particle size of fish collagen peptides gradually
decreased from 872 to 343 nm. The absolute value of ZETA potential gradually increased from 3 to 11 mV. The
proportion of molecular weights in the <500 u range decreased from 55.806% to 35.999%, that in the 500-
1 000 u range increased from 19.178% to 27.031%, that in the 1 000-3 000 u range increased from 21.672% to
30.539%, and that in the >3 000 u range increased from 4.344% to 5.981%. pH value gradually increased from
6.34 to 8.75. The calcium chelation rate gradually increased from 74.21% to 85.42%. The chemical structure of
fish collagen peptide chelated calcium was similar to that of fish collagen peptide. However, -COO™' V 45 absorp-
tion peak (1 643.89 cm™) of collagen peptide moved to 1 540-1 555 cm™' (shorter wave number) after milling, and
the characteristic absorption peak of -NH,(3 313.9 cm™) shifted to 3 337.12-3 380.59 cm™' (longer wave number).
The characteristic broad fish collagen absorption peak located at 2 #=20° disappeared after milling, while multiple
sharp peaks (including 2 6=26, 28, 48 and 58°) and dispersion peaks appeared, indicating that it changed from
amorphous to both crystalline and amorphous structure. The proportion of calcium in the collagen peptides che-
lated calcium gradually increased, confirming that more calcium was chelated by collagen peptides. The above res-
ults suggest that high-energy wet ball milling can be applied to produce fish collagen peptide chelated calcium,
which has the advantages of simple processing, no pollution, and high chelation rate.

Key words: fish collagen peptide chelated calcium; high-energy wet ball milling; chelation rate; energy dispersive
spectroscopy (EDS); particle size
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