544 % 512 ) i Tl B Vol. 44 No. 12
2023 4 6 H Science and Technology of Food Industry Jun. 2023

XIE P, BRIetE, FrE 8, 55 T, 72 FIEAE T 2404k (0] &5 TolkBHE, 2023, 44(12): 193—-200. doi: 10.13386/1.issn1002-

0306.2020090076

LIU Hengyang, GUO Xiaoxu, YIN Yuxin, et al. Optimization of Separation Process of Eggshell and Shell Membrane[J]. Science and
Technology of Food Industry, 2023, 44(12): 193—200. (in Chinese with English abstract). doi: 10.13386/j.issn1002-0306.2020090076

- TZHRAK -

S, 2y LR R 45% DA P, KRS ER gk

WMETT. T MNESE LML

XEE", FERAR, FREE, REBF, XIEFE", gz
(LR TREKRFAGHFE R TAZFIE, FALHRER 056038;
2HRERT KRR M5 a2 e T A SR E, FTALHRER 056038;
3L F R S F T, TTa# § 453003)

 EATHFAARNEE &R, BALAE_FSH. KK RAPARS A, KiFLfo iR i 507
EHATRESEH, FRTEEE, cTESSOEMA; P REFRERESREBRAMR, REoTE, HB8RRKESE
IS R Rm, FR AR BSAT T k, SHERGECBEPARYGE O I LA TR, £XEW: B
BRENHRIET Ss/R. HAEIROEHToESBAERE, HHES872%, BHEX 8791%, &4&6EF40
7291; AHERIGBEZFRBEFAGRLOREL A ARET LI 1 g, £ A LBRAR20mL, KL E 19 min,
HERKE 0.5mol/L, sLEFBLAS R T ik 89.21%. % L&A B E w R TR K L%,
KR R, R TR, 9 B, o B R4

B35 TS253.1 XHRFRIRED: B N EHE:1002-0306(2023)12-0193-08
DOI: 10.13386/j.issn1002-0306.2020090076

Optimization of Separation Process of Eggshell and Shell Membrane

*

LIU Hengyang"?, GUO Xiaoxu', YIN Yuxin', SONG Shaoqi', LIU Meiyu"*", HE Hongju>"

(1.College of Life Science and Food Engineering, Hebei University of Engineering, Handan 056038, China;
2.Handan Key Laboratory of Natural Products and Functional Food Development, Handan 056038, China;
3.School of Food Science, Henan Institute of Science and Technology, Xinxiang 453003, China)

Abstract: The two must be separated first to exploit the eggshell and the eggshell membranes. In this paper, a combination
of mechanical crushing, water flotation and dilute acid treatment was used for shell membrane separation, and the
conditions of eggshell and subshell membrane separation were screened. The effects of hydrochloric acid volume, reaction
time and hydrochloric acid concentration on the rate of eggshell membrane decalcification were investigated by single-
factor tests. And the response surface method (RSM) was applied to optimize the process conditions for removing the
residual eggshells from the eggshell membranes with dilute hydrochloric acid. The results showed that the shell-membrane
separation effect was the best when the eggshells were crushed under the condition that the crusher runs for 5 s/time and
crushes 3 times. The powder extraction rate was 58.72%, the membrane removal rate was 87.91%, and the comprehensive
score was 72.91. The best conditions for removing the residual eggshell in the eggshell membrane with hydrochloric acid
were 1 g crude eggshell membrane, 20 mL hydrochloric acid, 19 min reaction time, and 0.5 mol/L hydrochloric acid
concentration, and the decalcification rate could reach 89.21%. This process would provide the technical support for the
intensive processing of the eggshell.
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Fig.1 Eggshell and membrane separation process flow
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Table 1 Design of shell membrane separation and screening

test
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Table 2  Single-factor horizontal design

A AEBRAR(mL) B WHHE (min)  CERERIRE (mol/L)
1 5 5 0.1
2 10 10 0.2
3 15 15 0.3
4 20 20 0.4
5 25 25 0.5
6 30 30 0.6
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Table 3 Level coding of response surface analysis factors

W& -1 0 1
AFRRAB (mL) 10 15 20
B iz Fisf ] (min) 10 15 20

CERFR A B (mol/L) 0.3 0.4 0.5
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Fig.3 Effect of different volume of hydrochloric acid on

decalcification rate
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Fig.4 Effect of different reaction time on decalcification rate
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Table 4 Response surface test results

SR A B C M2 (%)
1 -1 -1 0 40.2
2 1 -1 0 67.83
3 -1 1 0 40.35
4 1 1 0 69.59
5 -1 0 -1 33.04
6 1 0 -1 56.72
7 -1 0 1 50.29
8 1 0 1 88.37
9 0 -1 -1 49.12
10 0 1 -1 50.80
11 0 -1 1 70.17
12 0 1 1 76.31
13 0 0 0 62.28
14 0 0 0 63.59
15 0 0 0 62.71
16 0 0 0 62.71
17 0 0 0 64.03

Xf2e 4 g B AT Z 00 AL, A5 R 45
PRl 2% 5 i L P8 — O 22 T[] LA U Ay - Y=63.06+
14.83A+1.22B+11.93C+0.4AB+3.6AC+1.12BC—
6.53A’-2.04B’+0.57C>

Xf (BRI AT T7 22500, SR ULAE 5. MR3s P
{ELA IR/ INAT LA 7R AR K HAS AP 8 DR 3R 0 f 25 K
Fo 4 P<0.05 i, 2 B2 AU Bl A5 PR 2R 2 ) I
3, P<0.01 i, FRWTZAR B HAS DN 52 i 25

w5 IrESH

Table 5 Variance analysis

FEGT FAEM O HEE  ¥E FE PlH M
AL 317122 9 35236 243.86  <0.0001 o
A 1759.13 1 1759.13 1217.44  <0.0001 o
B 11.83 1 11.83 819  0.0243 *
C  1139.08 1 1139.08 788.32  <0.0001 o
AB 0.65 1 0.65 045  0.5245
AC  51.84 1 51.84 3588  0.0005 o
BC 497 1 497 344  0.1060
A 17972 1 179.72 12438 <0.0001 o
B’ 17.49 1 1749 1211 0.0103 *
c? 1.39 1 139 096  0.359%

% 10.11 7 1.44

R 8.04 3 268 517 00733 N E
R 2.08 4 0.52
HMEZE 318134 16
R*=0.9968 Rzadj=0-9927 CV=2.03%  Adeq.Precision=58.054

HE: #*FRIRP<0.0 12 MY .38 5 * R P<0.0552 0 i 3% .

2 5 7T LA, DAGES 32 A i 67 (B, 122455 60
P {H<0.001 3 B ¥R J7 AR AU AN 0 55, H 2R #LIT
PA{EN 0.0733>0.05 A~ 3, ULEHIR B IR 2E250/)N, A4
B R ARORBRAE REL R® T 0.9968, R?,4;=0.9927,
P PBUE R, HA B, UlRAAE R HAT B9
HERR A A PR, 12 AR GRS S e VAR Y (H 19 AR
1k, PR FHIZAS B R ER R A A5 Fe S G A T T
Ry Hrs AR S R B CV Al LSS AR (1 ] {5
BE, CV (HBRAIR, ALY A AT (5 B e, 12000 1748 5 3R
L CV=2.03%, FHIZBIRESE, 7T LSRR S-HTmm
EAE L. ARG FE AT, 25 E N R TR E5 =R
FEZ i i i BRAKR O A>C>B, B ERFR IR FR>ER R
e > I W s ]

RYEENE RIS AB. AC. BC, RIERER AT S
JEEFTA] | ERPRAFH S R PR B, BN i) (] 5 Eh ik
JE Z [R1 3 AR, A5 H i i) o T R4S mr 2k, DLIED 6~
Kl 8,

&l 6~ 8 vf 3D i ) [T 1] T 0 A 223 1] U A5
I, G B R T RIE, 2P | AE S R] Y
A& E BRSNS e R IR B IR, 228 W
NSHAZREBZEAEHRE . HXE, A5+
AGERRIARD 5 CERRRMR ) 28 B AFE FH i T 5 A BiE
I, FERAER IR RS AT N 1Y R, R BE iYL
Ft, SFERFR AR A FE N 55 (P<0.01) . ERIR(IAFIS R
PR A 8 Ty, A S5t 2 s o

FH [T UABE R0 000 RN AR At FHER IR DL v ek B
HIC AL TS M EETENE 1 g B, EhARARFH
20 mL. SZ)%FTE] 18.34 min. R 0.5 mol/L, Itk
AT AR A 28 AT 1A 88.383%
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