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Abstract: Using duck eggs as raw material, the effects of the type and amount of added metal salts on the quality of preserved eggs were
studied by comparing the safety performance and sensory quality of preserved eggs prepared by the immersion method, using different metal
salt solutions. The experimental results showed that good sensory quality was obtained in preserved eggs prepared by the addition of
CuS0O,, CuS0,4:ZnSO, = 1:1, or ZnSO4: FeSO, = 1:1, with evaluation scores of 90.6 £2.4, 89.8 £3.2, or 83.2 +2.7, respedtively. The sensory
quality of thepreserved egg prepared by the addition of ZnSO,4 was slightly lower, with an evaluation score of 85.80 £3.80. Low sensory quality
was obtained in preserved eggs prepared by the addition of FeSO,4 or M gSO,. For the preserved eggs prepared by the addition of CuSO,4: ZnSO,
= 1:1,the concentrations of residual zinc and copper ions (Cu?: 4.1240.11 mg/kg, Zn?*: 8.3240.19 mg/kg) were significantly lower than those of
preserved eggs prepared by the addition of zinc salt (Zn?: 12.96 +0.22 mg/kg) or copper salt (Cu?: 855 +0.28 mg/kg). The impads of
different zinc salts on the sensory quality of the preserved eggs were different. The concentration of residual zinc ions (Zn?: 9.27 +0.09 mg/kg)
and sensory evaluation score of preserved eggs prepared by adding zinc oxide were significantly lower than those of preserved eggs prepared by
adding other zinc salts. Based on this comprehensive evaluaion, ZnSO 4 was found to be a suitable zinc salt for the preparation of preserved eggs.
For preserved eggs prepared by the addition of CuSO,4 or CuSO,:ZnS0,4=1:1, the runny-yolk index was high (0.66 or 0.57, respectively), with
good elasticity, hardness, and chewiness. Therefore, considering the sensory quality and the level of metal residues, the qualities of preserved
eggs prepared by the immersion method, using CuSO, and ZnSO,solutions, were relatively good, while the addition of FeSO, alone was not
suitable for the preparation of preserved eggs.
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Table 1Sensory criteria for prese nedeggs
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Fig.1 Sensory scores of presernvedeggs preparedusing different
single metal salts
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Table 2 Effect of different single metal salts on the chromaticity of

preservedeggs
i B GEM
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Table 3 Effect of diffe rent single metal salts on the degree of

solidification of preservedeggs
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BRBR 4k 3.5520.02 0.994001  0.2840.00
FRERAE 3.6020.01 0.9440.01  0.2620.00
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Table 4 Effect of diffe rent single metal salts on the elasticity, hardness, chewiness, cohesiveness, and adhesiveness of preservedeggs
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Table 5 Leels of lead and inorganic arsenicin preservedeggs pickledusing different metal salts
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Table 6 Effects of different zinc salts on the sensory quality of
preservedeggs
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Table 7 Effect of different zinc sal ts on the chromaticity of

preservedeggs

s R R

X R ~ o
FERAF 24533056 253120417  11.5640.62°°
A 24.0440487 24433046 105740334
B4 24.064042%  25553065"%  11.5940.85%¢
FLER4F  23.613051%  24.102048%  11.9140.55°
A4 20.014052% 1833403350 11.3240.64%°

i EHE—F . RIEERRAASFEATERALE

(P<0.05) ; ARIIBFHRFEFMEH (P<0.01)
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Table 8 Effects of different zinc salts on the degree of solidification

of presenedeggs
EHREEE
R ¥ AR lem S HAAm D TN d
RS 3.62+40.01 2.08+0.02 0.57+0.01
Az 3.5040.01 2.0040.02 0.5740.01
LER4E 3.5540.02 1.9940.01 0.56+0.00
L4 3.6020.02 1.9440.01 0.5420.00
R =2 3.58+40.01 1.6840.01 0.47+0.00
2.23 AEEHATEEM AN R0

ANTFEFEERS B B, B PHIERE . R RVEAN
Kl B PERISEI LA 9

T 9 TS EEMME, A, HBE. FEMEFIAEM RS20
Table 9 Effect of different zinc salts on the elasticity, hardness, chewiness, cohesiveness, and adhesiveness of presened eggs

o R Ay b
i i Rl AR R TR
A 0.9330.07%¢ 252.4040,112 287.8940.28%  0.7040.02"%  -15.9640.01
A 0.9120.04%¢ 233.0040.69 ® 259.474032%  0.7240.03% -15.7840,04
LEAF 0.89+0.02%2 221.0020.32“ 247.8940.14%  0.7320.02° -15.9340,02
LB A 0.9020.01% 210.400.64°¢ 22355402709 0.73x0.01%  -15.9040.01"
A4 0.7920.07%¢ 145.30+0.56° 177.28+0.32%¢ 0.8840.03" -16.7840.03
E: AN, BEEFRAXEFEATEAREFE (P005) ; FREFHLATEFMLE (P<00L) .

® 10 NERFEAEANE. SAMTHHE 8

Table 10 The contents of zinc, lead, and inorganic arsenicin preservedeggs pickledusing different zincsalts

M FEAR FRER A e LER4E FUBR4F BALAE
£l(mgkg) 12.5640.18%%  11.5640.13"5 13.894024%  12.784019"  9.2740.00%
45 10°2/(mg/kg) 1.01+0.02%2 1.10+0.014 1.21+40.02%2 1.0040.02%%  1.1240.01%
FAAEXL04/(mg/kg) 2.0040.00% 2.2040.017 2.0040.03% 2.1040.02"¢  2.0040.02%%

. AE—ATY, BMEETRRAREFHEATLEREE (P<005) ; REBFEHEAFLEFMEE (P<001) .
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) 7 B e ST Sh FEH ) B 25 A0 R 5 RN GG P A7 AE B2
EXF, HARRE. S, LR, LRSI
() Jiz 2R FTINEL UGG P55 5 43, T PR A s o 4 1 2%
T s R OERRE 22, TRHOAA N SR 24R, 5 i
2.2.4 TRE4FHA FREWG. ASTUE I

g
TRl IR . CMRYF . AALEE . FLIREFEAIEAL
PSS, RIS RRE T 247 fed, W AFRE
AR R SR B BTG ER ADE AL 2 Bt A T N
SE, WEFCIR— SR ANF ShIHRRARE], X B AR
BTN . e S R I 10,
LR P B PR U R S i, FLRREE
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T R BRI, PR AR AR = I R B B R o et D
FUREE. WREE. CMREE. SRR e
RO R T HEWEAE K E (P<0.05) « A
YOI, B SR BRI R B R A i 7R bR o
JEFE 2 (<20 mglkg) s

AR, B IR 1) R SRR TR B AR T A0 41
AR EEER (E LR 1) R BEE B R At
T Hphersh, XPEDAVGRIG, R e ik
AR A P AR bR A L Y, BTN R A

AN B, ZRE B REANR B R SR B 1

JRITREM, 7E R MR P s R BRER B, X
P E Mz AR AR, HAR T &N 5
Jiio Al I ARVARES T LAHEN A IR 42 B8 7 AN [F]
£, KSR B SRS AR, R AR,
N G £ L Ko B B i ORI 22 4 PR R PRI i o

M 10 AT DI % 4R B SR A A TCH L A

=1 AR e HERE @

Table 11 Effect of the addition amounts of Cu?

(RIS H B A% R R AV 2 A B e 4
2.3 REHRBImEM L ETE R

MR BGZE IR 2.1 F1 2.2 Ha] i1, B B R R s A
TREF AR RE DI B2 2, (RN — &R e+, AR
MRS TR EESIER: MESET &SR
BTN, AR JE s IR E
Bk R, BRE)E S 2R ges A REIER .
Rk, iR DA ek =M 1T 5, IFS
&R AT TR,

231 REREIPELER G5

IR 131 RERREE L NEHE
L BRE BEERIRATE UL B TR A1 L 2N R
H L B AT B PPN T 4 BAR PR E A IR AR
11.

R:EA)

, Zn* and Fe*" on the sensory quality of prese ned eggs

K K B
}t? B {7 i 1 i A
P ZORABE, TERE, MM, A 1R 90.6042.40%
%ﬁr\iu;&.ﬂ ) ;Eé}I E]Q!J Gmm, kﬁ”\‘
FRERAR FRERSE FORABEY, RERTE, FRMAT
89.8043.204%
(1:1) BHIELE, ;):—':@;1\ i
R EA#E imfé, fBRAL, BB AR 65 8043.80%
AR FF . K
i BRI, BREI, b
FRBR A FLBR I 4% FaRiE I, BEK, AL
88.2042.70°%
(1:1) BHIMLG, =B é%‘?dém
HBR 4k FG kb, BEGB TR, NES 61.304.50%"

E: EE—F Y, MABRRARBFERATERLE (P<

M 1L AT CUE H, BEd. 807. BEIR GV B
HVRAVRARRE AR A I B ER, BRI AT B & 1%
(P . INLiRIRas R R SRR TR, W
90.6042.40, Fr4E AEAERIB BRIk, )
A 89.8043.20. 88.2042.70, {H=#% R AEE;

005) ; AR5 FHEEATEFMEF (P<00L) .
ERFEL TR, PEARERI .
2.3.2 AREFSRR g TR R BEAGHE R 89 %0
FAAS [F 0 o Bk 8 SRl e 2, 4 \jalJ{DTJ
m%éﬂﬁﬁﬁﬁ pH B, BB e @ e 1 &, Wl
ZERNAE 12,

& 12 SRR zﬂﬂiﬁﬂﬁ;ﬁﬁﬁﬂ’ﬁ‘ﬂh
Table 12 Effect of the addition amounts of Cu?*, Zn?*, and Fe* on the chemical composition of prese ned eggs

i oH 18 KEWBE RBT 45T /é& =102 fuﬁM‘MU 4

1% I(mg/kg) {(mg/kg) (mgkg) (mgkg)
FLERAR 9.6240.12%%  41040.36"  8.5540.28"% o 1.0040.01%  2.10+0.02%2
FRLER AR BB (1:1) 0.8140.38"  4.3020.14"% 4.124011%°  83240.19%  11330.02%  2.4140.02%
LB A 10.0840.18%  4.5040.26" 0 12.964022%  1.2140.02"%  3.0140.01"@
FRERAT FRBATAK(1])  9.9740.677  4.4040.277° o 105740417  1.0240.01%  2.0120.02"2
AR 4k 10.924056" 5302011 0 o 1.0040.01%  2.2640.01°

E EE T, ak{ﬁ)‘ﬁﬂglkr’%%ﬁﬂfaﬂ‘f— 2% (P<005) ;

WRAE SR ME, BT R & EAMS T
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CUE . #lVE. Bk, 8RR, BIEREEE T 24
PR R AT, AR BE. UG EFICH U B AR AR AR
HIFEE FAREEE 2 N . NS BB TRt ARE T
KR, WL BRE. Bk, BREEME R TS A
1) fe SR 2 1 o

TR0 e 5 SRR, AR 4 B R VN I B RS
FENESEIREE. SR AE (LD TZAE~T
FETHE &8 (4124011 mgkg) B EAR T4
(8.5540.28 mg/kg) £/, HFETEER (8.3240.19
mg/kg) B EAR T4¥Z: (12.9620.22 mg/kg) AE7=1,
PR UL, AR AL (LD AR EE N2 4.
PEIR, SNSRI WIE B0m T 20" &, BHRIR O
(11 L2AEFmEERHE TS (10574041
mo/kg) AR AR, 28 ERTR, AR A
BREURAVELL NI EE . BEEh. BEh e et LT.

MF120] LU HH, S2H R BpHIE FIRUS of i %
S, PRApHYE ANGRRE A 5 PR 2% 3 2 & NaOH I ik B
B L 2RV G T2 A, B R B pHEL AR
RE T2 EpHE0.27, F W TR A AL BEX i3k
N B EENHVE — € FIBR IV, RS HI (hma it 2E
A R PR R B S0 AR T e, A TV R
F AL, VEUSIEE NS . BRIEA I B R
e, BRI BRE AR = R R S 5 R R AT e

ARSI e ke IR R o B R ERE (LR R
TCGE IR EEAN BTAE) (R)5m L 3K 13 % 14 A% 15,

R 13 AT, VA R Ok e (R B B
BEE TR PR EOE AL, T A B
A FRI) 10 B R P 3 v T M P e Ak, AL
A BRI PRFRI R . AR E. Rk Ak
LRI B AR ax iRk, b/, BILALLE AT (&
WRNE, TERCEE HNHE .

MF 14 FTLLE H, 00 AR B2 EAR AR, 3

HH AR BRI N B0 A EAR RS AN B s 1 Y0 EL
BEFHE, WS REEA = O A2 2.38
cm, JEOIEECH 0.66; HHHTRATE (LD, BrE. B
BRRATE (LD WEd =il o i, ORIk Ik
4 0.57. 0.51. 0.54; {HEREEM I EOEAERA
0.98cm, JHL¥E%0.28, [HL, EA O R R
EhAEANEEM .
& 13 {HERMENT 5 B AR

Table 13 Effects of the addition amounts of Cu?*, Zn*, and Fe?* on

the chromaticity of prese nedeggs
- EHGFE
B\AL L* a* b*
FRBRAR 33.544056"  23.814021°% 11.5640.62°°
BB AR FRER
N 32.0340.68"%  22.93+045"  10.9740.33%
££(1:1)
FRER A 24.062052% © 20.954062" 11.5940).85"
BB 4% FRBA
~ 27.614051%  20.704048%  11.9140.55%
T 4%(1:1)
BB 4% 14.014052P° 153340348 14324064

E: ABFF, REEARRAXEFHATERDH
(P<0.05) ; ARIINEFHRTEZAMEE (P<0.01) .
R 14 {0 EXT LR RHE F2E A2
Table 14 Effect of the addition amounts of Cu?*, Zn?*, and Fe” on
the degree of solidification of preservedeggs

- EEREARE
- E¥ ARem B R lem 485K
FRBRAR 3.6040.01 2.3840.01  0.6620.00
FRERAR FRBRSE (1) 3.5020.01 2.004#0.02 0.5740.01
FRERAE 3.5040.02 1.7940.01 0.5140.00
FRLERAE FLBR I 4%
3.6040.01 1.9440.01 0.5440.00
(1:2)
B ek 3.5040.01 0.9840.02 0.2840.01

=15 AN EX REMRM . BE. MEEE. FRERIEFIREMIERI S

Table 15 Effect of the addition amounts of Cu?", Zn?*, and Fe? on the elasticity, hardness, chewiness, cohesiveness, and achesiveness of

preservedeggs
S JRA

=y o Ny A prEyn TSI
FRERAR 0.9640.07"%  452.7040.01°%  315.4540.09%%  0.6620.01"%  -13.9640.07 5
FBARFLERSE (1) 0.98340.05%  453.0040.09”  299.6740.12%  0.6840.05"%  -10.9840.05°
FRER A 0.93+0.02"%  243.004002%  287.89+0.18%  0.73#0.02"%  -15.9340.02%
PREBAAMBRTA(1L) 09020117  316.702001%  203.564026°¢  0.7020.01%%  -12.9020.01 B
FLER T4k 0.68+0.03"%  125.3040.05°¢  77.28+016%  0.9840.03"*  -20.6840.03"

E: ARG, HABARKBFHERTEFEE (P<005) ; TR IEFHEAFTEFMREE (P<001) .

MF 15 ATLAEH, ik, SRR &7k (LD, #F
W BRRRIREE (LD AP BRI RTT, 2Rk

A7 ) B R A e AV A IR R B R
WIREVE (LD AP RIBeA W20, (5 3 (R
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