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Abstract: In order to study the changes in the color and coagulation extent of preserved eggs during lead-free curing process and on the
basis of the lead-free curing technology for yellow preserved eggs, the copper sulfate-zinc sulfate compound was used in the place of lead oxide,
and the effects of the concentration of Cu-Zn compound solution, the Cu-Zn ratio, the curing temperature, the NaOH concentration and the
curing time on the color and coagulation degree of preserved egg yolks were investigated. The results showed that the curing temperature,
NaOH concentration and curing time were the main influencing factors, and on the basis of studying the main factors, the optimum curing
conditions for yielding characteristic yellow preserved eggs with the most desirable color, yolk coagulation extent and sensory quality were:
concentration of copper-zinc compound solution, 0.40%; copper-zinc ratio, 1:2; curing temperature, 15 “C; NaOH concentration, 4%; curing
time, 18 days. Under such curing conditions, the coagulation extent of the preserved egg yolk was 0.85, the whiteness (W) of egg white was
30.15, and the whiteness (W) of the yolk was 46.72. The preserved egg was translucent yellow, the gel was intact with moderate softness and
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hardness and glossy appeal. The quality of the preserved egg was excellent, with a sensory score of 81.35 and comprehensive score of 0.92. In

summary, this research provides a theoretical basis for the production of lead-free preserved egg.

Key words: preserved egg; lead-free pickling; color; extent of egg yolk coagulation
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Table 1 Factor levels of orthogonal experiments
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Table 2 Sensory evaluation criteria for preserved eggs
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Table 3 Effect of copper-zinc compounding ratio on preserved

egg color and yolk coagulation

WL BERAEW  EHABEN  BEREREE
0:1  47.98+2.80° 20.11+1.69°  0.86+0.01°
11 4436+1.47°  20.29+1.08°  0.74+0.06"
12 4659+2.07° 26.19+2.69°  0.78+0.01°
1:3  4364+0.60° 20.30+3.87°  0.73+0.05°
2:3  41.66+0.64° 20.98+3.09°  0.71+0.04°

JE: a. by ¢ RTARNEIGAF, F) LILAZ R AR
BEMEF (p<0.05) ,FF.
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Table 4 Effect of copper-zinc compound ratio on sensory evaluation of preserved eggs

AREEIL EHHRE RHBIR REEE BBk &
0:1 13.15+1.77° 16.30+1.81° 22.80+2.21° 15.45+1.47° 67.70£3.74°
1:1 15.00+£2.37° 15.90+1.74° 21.05+2.78" 16.15+2.54 68.10+4.99
1:2 16.03+1.77° 18.65+1.23° 23.50+1.50% 19.20+1.51% 77.38+3.94%
13 14.50+3.56° 16.95+3.22" 20.30£2.23 16.50+3.27" 68.25+6.27"
2:3 14.10+2.99° 16.25+3.86" 20.60+2.11° 15.90+3.60" 66.85+8.15"
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Table 5 Fuzzy transformation of indicators and comprehensive product scoring
AL RVETPOBIMI R B EMREEAEMTHSR BAWEMTHR ZEWEHESR 5975
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2:3 0.00 0.00 0.14 0.00 0.04
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Table 6 Effect of copper-zinc compound solution concentration

on preserved egg color and yolk coagulation

REIY% ZEFAFEMNW ZHAOEW ZEHEEE
0.3 44.42+113°  23.15+360°  0.73+0.06®
0.4 4531409  22.48+2.80°  0.79+0.03%
05  4590+142° 20.28+2.65°  0.79+0.01%
0.6 4592+41.98°  20.06+1.33*  0.72+0.04°
0.7 48.24+106° 2051+3.66°  0.710.03°
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Table 7 Effect of copper-zinc compound solution concentration on sensory evaluation of preserved eggs

KIEY% e BAEBIR BEGF BB ReA p N
0.3 14.15+1.69 18.55+1.05" 21.30+1.03* 19.00£0.97® 73.00+2.15°
0.4 16.80+1.42% 21.85+1.60° 25.35+2.60°% 19.90+2.38% 83.90+5.39°
05 13.70£2.45% 15.15+1.60° 17.5545.02 16.30+2.03° 62.70+7.85"
0.6 13.85+2.30% 17.15+3.50° 23.20+3.93% 17.55+3.41% 71.75+10.07°
0.7 12.25+2.20° 14.8+3.64™ 16.60+5.21° 12.75+2.97° 56.40+6.64°

R 8 IEFMERT IR K R AT
Table 8 Fuzzy transformation of indicators and comprehensive product scoring
RN BB REREAEMTSR BAWEHTSR BRI WHEHMTHR %4675

0.3 0.60 0.25 1.00 0.00 0.48
0.4 1.00 1.00 0.78 0.23 0.75
0.5 0.23 1.00 0.07 0.39 0.38
0.6 0.56 0.13 0.00 0.39 0.29
0.7 0.00 0.00 0.15 1.00 0.29

R 9 FEHIEAR R F R A A E B RS2

Table 9 Effect of temperature on the color of preserved eggs and the degree of yolk coagulation

BT EEAEMW EiFaEMW EHBE A
5 42.29+2.29° 27.99+1.64% 0.69+0.03¢
10 41.92+2.43 24.46+1.83 0.76+0.02™
15 46.59+2.07° 27.02+2.14% 0.78+0.01™
20 39.42+1.00° 16.83+1.31° 0.78+0.03°
25 38.29+1.87° 12.01+0.61¢ 0.82:+0.00*

® 10 BHIREX K ERETFIHIFNE

Table 10 Effect of temperature on sensory evaluation of preserved eggs

REIC EHHEE FREI KEEF KB Rk B
5 15.55+1.55° 17.98+1.95° 22.35+1.63° 16.25+1.12° 72.13+2.62°
10 17.40+1.20° 18.83+1.16° 25.40+1.73° 16.90+1.41° 78.53+2.02°
15 16.75+1.43% 18.50+1.70° 23.70+1.38° 18.80+1.64° 77.75¢3.19°
20 13.15+1.89° 15.13+2.32° 14.85+1.84° 17.70+1.89° 60.836.17°
25 13.15+1.55° 14.78+1.11° 10.55+1.57° 18.23+1.36° 56.7+3.42¢

=1 IR R IR K R A TSy
Table 11 Fuzzy transformation of indicators and comprehensive product scoring
BEIC  REIPOBMEE BEBREEAMTSR BAWEHTHR ZITWEHTHR &1

5 0.71 0.00 1.00 0.48 0.58
10 1.00 0.54 0.78 0.44 0.71
15 0.96 0.69 0.94 1.00 0.91
20 0.19 0.69 0.30 0.14 0.30
25 0.00 1.00 0.00 0.04 0.21

HIFR 11 WAL, ARNREERAE T, BERRINHEIR TR LG VR iy 091, FE i TR AR
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Table 12 Effect of NaOH concentration on preserved egg color

and yolk coagulation
RE% BEAEMN ZHOEW ZHFREA

35  42.83+1.32° 32.04+2.21*  0.70+0.04°
40 4655+2.14*  28.75+3.97°  0.77+0.08°
45 4659+2.07°  23.94+2.43°  0.78+0.01°
5.0 41.67+158°  24.65+3.23°  0.78+0.05°
55 4415+352°  19.11+2.16°  0.72+0.04°

HI# 12 A, ANE NaOH WREESRA T, Hif MR
WOENAREER, MEREHELTEEZER. £

3.500%~5.50%F EA AN REIE I N, R A R em .
HBH NaOH WL, S W 5 HEE W AR T %
fath, XAt E RSP RT3

H# 13 mIAN, R EECE PS5 NaOH k200
ZE SRR, Hidh Na 4.5 5 Na 5.0 25 I8 B PF 43 5
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RERE 1] NaOH ¥R B2 A )T B AR BRI Il S B TR R AL
UREpIiAD
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Hor Na4.5 FrfS 25 E6 Vi 0.84. 7RG 0
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KR 22, 1 5 S8R SR PR I, 20
R 5 o AR S AR 771 NaOH ¢ J3 35 B R i PR 25,
TR R B e . ARBRMI L . E VRS 3 MR
WIS LE BV, e e NaOH IR R 4.5%.

* 13 SRUNREXEERETS I
Table 13 Effect of NaOH concentration on sensory evaluation of preserved eggs

WRIEI% EHEE EXIR BEEE R o
35 14.40+2.36 17.7022.70° 21.95+2.70° 15.60+3.59° 69.65+7.86°
4.0 16.08+1.80% 18.65+2.46" 23.48+3.75™ 19.00+£2.60™ 77.20+8.48"
45 18.40+1.35% 21.70+2.56° 25.93+2.43° 21.90+2.79% 87.93+7.76°
5.0 17.51£2.33% 20.90+1.86° 25.44+2.92% 20.50+2.33% 84.3546.57%
55 16.50+1.57% 19.40+1.60% 23.60+2.68™ 17.55+2.61° 77.05£3.66"

R 14 IBRAMERT K P R A TS
Table 14 Fuzzy transformation of indicators and comprehensive product scoring
WHEI% BB TS BRSBTS BAWAEMERE ZHWAEMTHR 207
35 0.00 0.00 1.00 0.24 0.31
4.0 0.41 0.88 0.75 0.99 0.73
45 1.00 1.00 0.37 1.00 0.84
5.0 0.80 1.00 0.43 0.00 0.55
55 0.40 0.25 0.00 0.50 0.30

%15 FEFIRER R E e F R EREREE RN
Table 15 Effect of pickling time on preserved egg color and yolk

coagulation
iEd BEGEW REAEW  EREEE

14 47.63+1.39° 2431+2.94°  0.69+0.01°
16 4659+2.07*  26.19+2.69°  0.78+0.01°
18 4435+1.39°  28.99+1.1°  0.76+0.01°
20 44.00+£1.92°  26.98+1.38°  0.79+0.02°
22 - - 0.82+0.01

2.5 | B 1) xR o EY e

IR DT B B 5 K b AR A5 SRR 15,
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Table 16 Effect of pickling time on sensory evaluation of preserved eggs

1A /d EHEE BB BEEE B p N
14 14.1542.21° 15.40+2.82" 22.35+1.50° 16.70+1.45 68.60+5.34°
16 16.20+1.87 18.45+2.33 24.73+3.10% 19.10+1.12° 78.48+5.71°
18 17.35+1.68% 17.70+3.28° 23.25+2.43" 16.95+1.43" 75.25+4.73"
20 12.75+1.90% 13.30+3.10° 19.45+1.82° 15.45+2.11° 60.95+5.19"
22 8.00+£2.06%° 2.20+1.67 18.40+1.35° 14.40+1.27° 43.0043.11°
RNT IBIRERAT R P LR B TS
Table 17 Fuzzy transformation of indicators and comprehensive product scoring
BrE/d  REIREMEY: BRAEEAAMTR A WERTHR  EBEWAEMER AR
14 0.72 0.00 0.00 1.00 0.47
16 1.00 0.69 0.40 071 0.72
18 0.91 0.54 1.00 0.10 0.65
20 0.51 0.77 0.57 0.00 0.45
22 0.00 1.00 - - 0.20
18 IEATIIGMIELER
Table 18 Orthogonal test results
S AJSHRIEE  BNaOH RE Clehlatia  REits BHBREE EiEW EEW
1 1 1 1 60.70+2.62°  0.7240.02°  2524+1.44°  41.46+0.79™
2 1 2 2 59.10+342°  0.79x0.02°  282+131°  41.06+1.52°
3 1 3 3 67.40+3.38°  0.79+0.03"  27.49+0.32°  39.03+0.51°
4 2 1 2 69.45+2.74°  0.840.02°  28.26+1.00°  42.43+1.70™
5 2 2 3 78.85+2.23°  0.82+0.05°  3244+037°  41.61+1.27™
6 2 3 1 63.20£3.11¢  0.7420.02°  30.52+0.57°  41.83+0.60™
7 3 1 3 81.35+2.64°  0.85+0.03  30.15+3.44°  46.72+2.20°
8 3 2 1 60.55+3.71°  0.79x0.01°  26.42+2.86°  46.97+2.19%
9 3 3 2 78.25+5.39°  0.82+0.03®  25.43+2.09°  42.81+1.57°
A INFADRIERR R R . IEAE SRER R ARG 7 22 /0 A 46 R L
26 ERRRaoER 18, 19. 20.
o FIE 19 AT, X MEHIRE (A). NaOH ¥R % (B).
g A ; A\ JEHITE] (C) =ANHRFREBAT IEAMA IR, IS

IR %GR AsB1Cs, 15K T T ERLREVT
SyEein, N 092, HBE . BRSSP R . =
AMRFERIFRRZMKION: FEHIE] (C) >l
(A) >NaOH JKFE (B), B (X} i B4 A5
BOR, WERNRER ., NaOH WREEX B fR4E A5
Wf/he HHER 20 J7 2 A sl FnT s, MEHIERE (A
X ERSE AV B AR, 1 NaOH K% (B)

E1 RM=EHFeREE

Fig.1 Best Sansui Yellow Egg
i PA_E SR 3R 8 S TR I, T B
AP =AHEERR: MEHIREE. NaOH iR AN
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FEHIE] (C) X RS mMA R E . 4
FITIR, 5 AsB1Cs A AEEENMEHI 7S, RIS
15 ‘C. NaOH JKZ 4%. FEirSIa] 18 d, KA LbfH

PN e R (B B BN IE] 1 R, R~
gt BURCE. BENE . BALENE.

19 IEFMERT IR P iR BT
Table 19 Fuzzy transformation of indicators and comprehensive product scoring

BEWRy ERBREE

EHW  EEW

FEA AMSHIIRE BNaOH RE  C Mehlad i) BT BT AR AT N
1 1 1 1 0.07 0.00 0.11 0.31 0.13
2 1 2 2 0.00 0.54 0.48 0.26 0.29
3 1 3 3 0.37 0.54 0.39 0.00 0.32
4 2 1 2 0.47 0.92 0.48 0.43 0.55
5 2 2 3 0.89 0.77 1.00 0.32 0.75
6 2 3 1 0.18 0.15 0.76 0.35 0.36
7 3 1 3 1.00 1.00 0.72 0.97 0.92
8 3 2 1 0.07 0.54 0.25 1.00 0.44
9 3 3 2 0.86 0.77 0.13 0.48 0.56
K1 0.63 1.65 0.44
K2 1.63 122 1.59
K3 2.04 143 2.27
R 141 0.43 1.83
®20 EXRWHEDER
Table 20 Orthogonal test variance analysis results
7 ZRR 1 2 7 Fe f #7 (MS) F & fMa BEMH

A 0.256 2 0.128 22.746 0.042

B 0.022 2 0.011 1.988 0.335

C 0.188 2 0.094 16.692 0.057

RE 0.011 2 0.006
B Aa 2.552 9
iE: p<0.05, E£FRE.
3 g B Lk

SR P B ] 5 T e B PR S At — Rl
ST AR, MEHIEE . NaOH ¥R A
IS TR S 7 AR e . BRI FE AR A 3 A
B R ST M i A S B AR ) 15 2
HEE ST RCIRIREE 0.40%. HEF R FLLL N 1:2, JEHIEE
15 ‘C. NaOH ¥R 4%, JEHIrf(a] 18 d. 7EULMEHI 2%
TR, WOERRIER BTG N 0.85. BiE A (W)
93015, FEEERE (W) K 46.72, RSB
e, Bk seRe, BEnEh . BAeiEt. HEE
MRS, BTSN 81.35. LA ATE N 092, 4L
BT, I AR Hh €2 DL R R i vt [ () AR Ak 7 B
(0 A LA, I T O B AR R AR
T EIRIE S,
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