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Formula optimization and nutritional composition analysis of lead-free
Coturnix preserved eggs
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(School of Life Sciences and Food Engineering, Hebei University of Engineering, Handan 056038, China)

ABSTRACT: Objective To optimize the curing formula of lead-free Coturnix preserved eggs, and analyze the
fatty acid and amino acid of Coturnix eggs before and after curing. Methods The processing technology of lead-free
Coturnix preserved eggs was optimized through orthogonal experimental. The quality characteristics were determined
by detecting their physical and chemical indicators, and the changes of fatty acids and amino acids in the egg white and
yolk of Coturnix eggs before and after pickling were detected. Results The optimal formula of lead-free Coturnix
preserved eggs was 4.50% of food-grade NaOH, 4.00% of salt, 0.50% of food-grade CuS0O,&ZnS0O, and 3.00% of black
tea. Under these process conditions, the Coturnix preserved eggs exhibited an albumen whiteness of 29.90, a yolk

whiteness of 26.24, an albumen hardness of 3.72 N, a yolk solidification degree of 87.41%, a sensory score of 90.05
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points, and a final composite score of 0.94, representing the optimal quality performance. The fatty acid content of fresh

egg yolk and preserved egg yolk were 38.26 g/100 g and 24.52 g/100 g, respectively, and the amino acid content were

146.19 mg/g and 126.02 mg/g, respectively. The amino acid content of fresh egg white and preserved egg white were

126.67 mg/g and 109.31 mg/g, respectively. Conclusion The resulting eggs featured a brownish-transparent albumen

gel, a dark green yolk with a syrup-like core and a savory, refreshing flavor. It can increase the added value of Coturnix

eggs, reduce fresh egg loss and also provide a theoretical basis for factory-style production of this lead-free Coturnix

preserved egg.

KEY WORDS: Coturnix eggs; preserved eggs; single factor; amino acids; fatty acids
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Table 1 Ly(3*) orthogonal experimental design

7J(qz‘ N = v =) N =} v =
A (NaOH S In+)/% BEERINE)/ % C (CuSO0,&ZnSO, N/ % D(AZEARBINE) %
1 4.00 4.00 0.30 1.00
2 4.50 4.50 0.40 2.00
3 5.00 5.00 0.50 3.00
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Table 2 Table of sensory rating
BRI EELaD TN IR P4y
HITHE N H 5, R 10
Rz AN BN gk, DR B 6~9
(1045) T AT, R 3~5
HEIEH AR HMARL 0~2
B AR B, WIS, AU REEUR, THSTEIRMT 7~10
foﬁ/ﬁ) PR BB, VPR E AR, IEATRBUR, OB SO T 4~6
AR e, BB, KInFRISE, AT 0~3
BB e R, ATk TGS BESEEY, AR, BiEaly— 26~30
P VGBIV R e, kR, TRmGESH ik, By, A6, JEly— 21~25
(30 43) VBN AN oE s, ks, MAEEYE; BEREEEED], SLFEERE, BEBhY— 11~20
BB SERE, Ak Bg R B s, SO /AL R OB, TR, SEiEN 2
SR 0~10
HEART, BOER Lem A, HOBOEHREAFREO, AU, SEY— 26~30
BB 5HE HEART, BOHERZ 1~0.5 cm, STEA/FSE, HLE, Bial— 21~25
(3041 HEFT, SEEOER/NT 0.5 cm, BEREQ, SEFEERE, BEENHY— 11~20
BEERT, BETMOELD), TEA, 65 0~10
A BB NA AR 5k, TERR, A AN B 13~20
e 7B KU A B BN 1R SR, TESUR, WA B 7~12
(2041) A B R ANER, JCS0R, BARECE, R0 XUk 1~6
b B SR NAT AR, 32 R R ) SRk 0
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Table 3 Effects of different NaOH addition on the indicators of lead-free Coturnix preserved eggs

3 [ NaOH & xf T ER$838 K B Ara 20T

WIS/ % HIHAE ER M EIEE/N EEBE L/ % BB ZEETESY
4.00 19.42+0.81% 20.46+0.83" 2.40+0.02° 69.95+3.68" 78.43+1.07° 0.36
4.50 20.72+0.55° 22.64+0.44° 3.78+0.05° 74.84+1.40° 87.87+2.57 1.00
5.00 19.06+1.53° 20.80+1.14° 2.58+0.03° 74.45+6.02% 83.90+0.60° 0.64
5.50 18.41+0.66" 20.09+0.37° 2.14+0.03¢ 68.22+1.95% 76.43+1.07° 0.17
6.00 17.25+0.18° 19.71+0.37° 2.04+0.03° 69.52+1.16° 69.70:£0.85¢ 0.06

H: FSIRRNG 8L 3R0R 22 57 18 35 (P<0.05), % 4~7 [,

BRI, R SRS TR AL ST TR TR, 24 NaOH
TIEEN 4.50%F0F, M EMAITFEIREAHIE . NaOH %
TNEh 4.00%00F, SEIFREE/DN, BERmR, 6 EeE I,
SR R A SIBE T4, NaOH Ushnht 4.50%HT, i
18 5 55 S WOBE B IR B KB, 40510 3.78 N 55 74.84%,
GBI e 4, RE o e, AU SE T, A
BEYS] YT H 5.00%% 6.00%0, AR TTERE
TR, X B R BRI TR B R, il R AR
B, BT, RIS KE AT A FRE, 33
RTS8 PRI AR, T EiRgE R, 5
LEE ARG RS 4.00% . 4.50%F01 5.00% 3 7K.
22 BERAIMENKEERRAZEN

AN BRI RS 5 R R U ERVE R . R
TR [ SR E AT R AN SR 4 PR . fﬁ%%ﬁ%ﬂi;
e, WIS AT MR B SR, R HA
POBRAE AU, A Bl AT Bt £ R VA i A 38 o,
KRB THEAR S S TR FRERRaS, M aihiinah
4.50% B}, Kz B A TAR AR A B . AR AN
4.00%HF, FEIEEE /N, FIGEERA T, Bk, &
W AR, JEOER, HANZEERER A R, ME
ERUSINEEA 4.50%HF, BRI R 5 A R ] B 2R Bl ok
{H, 2094 3.57 N 5 75.65%, BEE e, EHEE
e, NGRS T YU 5.00% % 6.00%
BF, R AT ARI T R, X 2R B TR A AR Tk
FEBBEE BT, RS BRI, S e R,
B [ AR B 151, R BN AR I, SR ICIR A Bl
W, BEPE BRI, BT LREER, FEEiRek
PeHE 4.00%. 4.50%F1 5.00% 3 PKE,

2.3 CuSO,&ZnSO, R NEX K ERRNEN

AN[F] CuSO0,&ZnSO, AN X H838 f FE (R B . BRT
T | AR PR E I RS VA S AN S TR . FERRE
MERIFREE R, Cu™™ s Zo® AT BLAT MR FALE], SERas G
A AN PG AL I TUTE, S FE ST e EALBR, AT R
Je MR B R, B ERRAE ST, B CuS0,&ZnSO,

I ARG, B 2R A& TS AR G L TR T AR,
24 CuSO,&ZnSO, AN N 0.40%T, [ #5 (0 5 Ah HoA F5
FRIGEFNELY . 24 CuSO,&ZnSO, TR N 0.30%00, i
BERC ORI AN L, SRR 2 HUE O K, SRR A
TR, EE S EEAARE, AXKRER; Y4
CuS0,&ZnSO, HHE A 0.40%5f, FE5HE [ 5 5w HE I
YR BRI, 29009 3.55 N 5 75.70%, IG5 BERTE
Bk, @BEWS, WECTEEM, SRS, M4
CuSO,&ZnSO, TRIMEH 0.50%Z 0.70%H, B E M4 ITTs
PR TR, XEZREEREE TS EE, AT R
xhnie, SFEOLERAT AR, KRR TR S B
Tl R TR 26 R, T H B S Rk b R e,
FEHEEENZZ, 5 EREWRAR, & AEK
CuSO,&ZnSO, NIl A3 I +e 42 1 F, R N EER
EHEOSHAYREREEFORNA L, WMERET, &6
IR e ST T, SH RS T RO AR R Y 4
By, NmiEE TEREOE, LT LRER, FaE
AR EFE 0.30% ., 0.40%F1 0.50% 3 K,

24 ARRAMENEERREN

AR LT AT X685 Ky 0 B . SRV R | R
VR [ R SRR PR R AN 6 TR 4025 P el iE
TR O A R R SR A, S & A st
A T DU B R B EERE . 3R 6 B i, B
ARSI R I, BN STAE fR 8 2 S TR TR
HIFaH, ML ERTINEN 3.00%0, FEK& iR
IRFNEAL BRI B10 1.00%7F0 2.00%H}, 6 & 15
VR B ] AR AR, FRIE 5 AR B B RAIL, I Rz
AN THEERTE B, Bk, SERREAR; S
AN 4.00%F1 5.00%H, BRI 5 A L5 2R v 145 [ B 3
TR, MEHBER AT NS, EEMER a.
b 3K FEA AR, X TR L8 i3
SFEA R R AR KEEAEN, SEIEAER, [
BIATREf TAS 2 M R B, 53508 SR AT AU, BERREK
PER B, [0 RIEE [ BERR AR . R T FIREEIR, JRLRIEAS
R ESE 1.00%., 2.00%7F1 3.00% 3 IKF-,
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Table 4 Effects of differen salt addition on the indicators of lead-free Coturnix preserved eggs

IR/ % HIFHE EH T /N A BTBEIE /% BES LAV
4.00 19.29+0.76" 20.31+£1.33% 2.76+0.16° 70.17£2.08° 78.27+1.06° 0.39
4.50 20.69+0.86° 23.25+0.53° 3.57+0.06° 75.65+1.33° 87.70+1.20° 1.00
5.00 20.0420.48 21.28+0.79" 3.06+0.05° 70.39+1.79° 82.82+1.12° 0.61
5.50 18.57+0.57" 20.08+0.74% 2.17+0.04° 68.11+2.17° 76.97+1.06° 0.20
6.00 17.83+0.66° 19.44+1.34° 2.05+0.04¢ 67.24+2.01° 71.16£1.10° 0.00

5 A[E CuSO.,&ZnSO, HRINE X FLFRIEFEK EFraE
Table 5 Effects of differen CuSO,&ZnSO, compound addition on the indicators of lead-free Coturnix preserved eggs

I/ % I ERHE EIEME/N HE B B/ % BES LAV
0.30 18.96+0.49" 20.87+0.58" 2.45+0.04° 68.65+2.05° 78.76x1.39° 0.22
0.40 21.16+0.43" 19.32£1.00° 3.55+0.04° 75.70+2.05° 85.26+1.48° 0.90
0.50 20.29+0.47% 19.90+0.31° 2.84+0.04° 71.83+2.67" 79.13+1.60° 0.49
0.60 20.08+1.59" 21.69+0.98" 2.75+0.04¢ 71.58+2.74" 75.01£1.48° 0.41
0.70 18.94+0.71° 25.29+0.80° 2.2540.03¢ 67.10+1.54° 72.28+1.38° 0.10

F 6 ATRILERRFMEXN TIREEIEK ERRIE M
Table 6 Effects of differen black tea powder addition on the indicators of lead-free Coturnix preserved eggs

IRTIN/% HIFFE EHE HEIFMEE/N HE BRI BE /% Ty LEAVESY
1.00 19.04+0.35° 21.79+1.25% 2.35+0.04° 72.33£1.59" 80.15+1.00° 0.33
2.00 21.82+0.58* 20.16+1.78% 2.53+0.02° 74.63£0.97° 82.99+1.77° 0.50
3.00 23.03£2.01° 23.75+0.76" 2.93£0.02° 78.80+2.01° 85.34+1.45° 1.00
4.00 21.71£0.29" 20.00+£2.50® 2.08+0.01¢ 70.37+1.46° 80.78+1.06° 0.26
5.00 18.87+0.63° 19.29+3.81° 2.12+0.02¢ 70.74+2.92° 77.52+2.00¢ 0.01

25 EXILWERS

TEA S K BT 1 ASAR B 45 SR 3% 7 s o XF
AW NaOH IINED) . B(EEBME). C(BMH
CuSO,&ZnSO, IINEL) . DELFARTINE )4 MHER IR
X B A ACE Hh % NaOH ¥ i i )>C( & & %
CuS04&ZnSOy TR INHE)>B(EFRININE)>D(EL AR NN i),
JCHHS 3 R BT 7 e B ALG 0 4.8, C3Dy, S 9 S04
HIEE 4 2, BIESh 9% NaOH Uil 4.50% ., &ihisink:
9 4.00% . B CuSO,&ZnSO, TRINTE N 0.50% . £I55K
WInEA 3.00%;
2.6 FEFHRIGEERREIETW

B W TR AN A= A v sh AR b Re i, R AR VA M 4Rk
o UDBRAR LA K IR R S T R B T AR R AR X it 2
T R T T A 1) B B A TR I R A, I 2 SR A
fief 2 0 A R SRR AG I Y 16 FIAR DT ER, I eb AR AN A D R
(saturated fatty acids, SFA) . . A @ 1 8 Wi B&
(monounsaturated fatty acids, MUFA)FI £ A1 A1 g 5 B2
(polyunsaturated fatty acids, PUFA)7-5ll4 5 Ff. 5 Fh. 6 F.

WIS 3 2R & B3840, RFMMEAG T, BH
Hh AR SR SO A ik /N G RV ) Jo i o 2
R, FE T R R RO R R A A R R e R
WA IR, ILMEWI AT & R, Ml i) 2 AR
REER & 84331 9.92 ¢/100 g.6.15 g/100 g, Ml wii 5 2 %
TENGER A B3l 4.25 ¢/100 g, 2.64 /100 g, HFING TR
A B E AR TR, (BRRE A T 5 R AR Ak R Y,
AN AR RS, R B —E Ak, ATRE I R
TG A3 ATARAS, 5 000 B I A 11K R R I R
Ve B KR TR ), 5 TR R i . Ihoh P
FEM BN TR, WSS & =R, 15 10.54 ¢/100 g,
Bl 2 1 T SR AR A A T A BT 8 o I S I 25Tk 5 Y,
e AR WAl BRIE N 8 b F R Z MR NE
g, HHAPT MAS SR, S Wl & &0
3.27 g/100 g, TERRPEFREE T Al RES A A LB fb s, Az pl
AT Z R0 A B MR A L R ) RIS, Bk R T fif
EFELARIE R, MEHIBP A Cu™ N Zn s AN AR i R
Oyff, HEREEZS L RS AR FHER YT, R R A R
EMARA AR, W 8.
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Table 7 Results of orthogonal experiment measurement
S 4:NaOH  B: B#: C:Cu&Zn D: £L25K  WIFHE  EEOE  EEMEE/N EWNERE% RETS ST
1 1 1 1 1 18.43£0.09° 17.38+1.01° 2.05£0.03% 4822+1.49%  72.54x1.36" 0.01
2 1 2 3 2 19.64+0.54% 19.09+2.16° 2.19+0.01"7  56.14+1.23"  76.05+1.148 0.17
3 1 3 2 3 22.29+1.89% 21.96+3.81% 2.44+0.03° 60.73+1.32°  96.39+1.52° 0.49
4 2 1 3 3 29.90£0.60° 26.24+1.10* 3.7240.03°  87.41+0.85°  90.05+0.99" 0.94
5 2 2 2 1 26.40£1.23% 23.07+1.99® 2.83+0.02°  70.32+1.08°  88.55+1.72° 0.61
6 2 1 3 2 27.68+0.89" 24.68+0.85® 3.21£0.02° 80.71+0.98°  80.04+0.98° 0.69
7 3 1 2 2 20.97+0.77% 20.97£1.20° 2.22+0.02" 58.38+0.33"  80.74+1.24% 0.27
8 3 2 1 3 23.67£0.03° 22.67+£0.03° 2.63+0.03¢ 65.42+2.78%  81.54+1.28¢ 0.44
9 3 3 3 1 18.04£0.15° 19.64+3.37° 2.02+£0.028  46.25+0.97¢  78.81x1.14" 0.10
k1 0.67 1.91 0.45 0.71
K2 2.24 1.21 1.37 1.13
K3 0.81 0.59 1.89 1.87
K1 0.22 0.64 0.15 0.24
K2 0.75 0.41 0.46 0.38
K3 0.27 0.20 0.63 0.62
R 0.52 0.44 0.48 0.39

#<8 BHEASHEREHKI2(g100g
Table 8 Fatty acid content of fresh egg yolk and preserved

egg yolk (g/100 g)
BRWTAR Jg 5 R feT R fif 2 B A
HIAARITR SFA 14.42 8.91
kR C14:0 0.17+0.00° 0.08+0.00°
T HRIR C15:0 0.01:£0.00° 0.01+0.00°
FEAR C16:0 9.92+0.22° 6.15£0.22°
Tk C17:0 0.07+0.00° 0.03+0.00°
TR IR C18:0 4.25+0.15 2.64+0.01°
HARFIIENITR ~ MUFA 18.11 11.86
IR Cl4:1 0.10£0.13° 0.01:£0.00°*
FRRETMIR C16:1 1.18+0.07* 0.690.04°
i C20:1 0.05+0.00° 0.02+0.00°
THER C18:1n9¢ 15.90+0.54° 10.54+0.21°
IR C22:1n9 0.88+0.03" 0.60+0.01°
e Nkl PUFA 5.73 3.75
DHA C22:6n3 0.37£0.01° 0.29+0.00°
y-ALJRRIR C18:3n6 0.1040.00° 0.04:0.00°
a-WRRIR C18:3n3 0.13+0.00° 0.10£0.01°
R &7 C18:2n6¢ 5.06£0.12° 3.27+0.11°
J-11,14-—Fs . X
[y C20:2n6 0.02:£0.00 0.02+0.00
Ji-8,11,14-—+ . .
. C20:3n6 0.05£0.00 0.03+0.00
B 38.26 24.52

T RATARNG FREROR 28 5+ B35 (P<0.05). % 9 [Fl.

27 HMHEIEEERSENTK

Xof i 5 5 e 0 C TG ) 1) B B R A T A R S,
SELERANGR 9. SILMRTE B R R ) b 40y T8 4 B A £,
AN EH Ay HAS B EUA Rk R, FE SR A P ] 5 A
WA SRR TR LR . WA T e SR A S A
IR B FME B AL A7, i3 9 mIn, st
BN EAGI 16 Fhad kiR, HAp M a5 & S
P22 GRS A AR & 3 25 5 B (P<0.05). i), &
BRI R B B A3 D T 20.17 mg/g . 17.36 mg/g.
X F L p T PR A A A TR A AR A Rl S R, B
IYEIERRIN— S 5 EPIER N K Strecker FEf#, AT
T s B 0 ) R P O (S A 7 ) S I R XUBR W e, ol I AR
GRS W 2 R R T 1 T SRR O i
T 6.78 mg/g. 6.98 mg/g, %A R F Pk &0 N AT
ASVERIREAR . FLOR 2R & A 3, LIS AT RE e
FAEF, AT AT IR, T R e R 1o A
BB W RN A A | A N R, RIS
SRR R, S BP0 WS R AR
TR S 2B T 13.39 me/g, 10.38 mg/g. HH
BB G AR E AL E 2, FEMEARET, UK R
T B IR, WA E RS L &R AR & A PR 5
Strecker FEff, AR . MHWR S5 N BRRFIE A )
A S SR R 7 1 ) 2 B A XU B 32 () EE SR AR, X XU )
L R B DG, 8959 B A b R UL A,
Horb R B3G5 R R I R S AR B it 4 I 26.74 mg/g .
28.68 mg/g, WKT T #958 f BR I Z o0 b KR S B TR E
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Table 9 Amino acid content of fresh Coturnix eggs and Coturnix preserved eggs (mg/g)

HFR fif 25 )i%i gy fif B Jidieli)
REH R 13.87+0.09° 12.62+0.64° 13.76+0.66" 12.12+0.14°
pix 1 7.93+0.32° 6.36+0.13" 6.69+0.51° 6.26+0.42°
2254 R 13.00+0.55" 9.41+0.32° 7.98+0.55¢ 7.04+0.45¢
BHAR 18.39+0.38° 16.06+0.60° 17.46+0.23° 14.62+0.36¢
HER 7.23+0.34* 5.56+0.94° 6.4441.35% 5.00+0.28"
N R 8.67+0.18" 7.69+0.26" 8.44+0.13" 7.1240.20¢
BN 9.72+0.19* 8.76+0.28" 9.30+£0.41% 7.9240.23¢
AR 4.26+0.05° 3.98+0.24° 4.62+0.24° 3.5241.25°
S 8.79+0.28" 7.90+0.22° 7.71+1.25 6.04+0.19°
SRR 13.63+0.21° 12.21+0.36" 11.94+0.31° 10.13+0.13°

it 1R 5.10+0.66 4.97+1.65 3.90+1.37* 4.30+1.53°
RN R 6.78+0.30° 6.80+0.33° 7.84+0.87° 7.2940.21%
LIE=N 9.60+0.39* 7.92+0.79° 6.78+1.02° 6.74+0.65"
MR 2.64+0.35° 3.20+1.09* 2.92+0.87" 3.00+0.36°
K 10.92+1.84° 7.4542.51%® 6.32+2.15° 4.65+0.79"

i 2 R 5.66+0.28" 5.13+0.20% 4.57+0.50° 3.5640.25¢
SATEIR B 146.19 126.02 126.67 109.31
WA S R A 60.71 53.93 54.88 47.90
AL ToE IR Mt 85.48 72.09 71.79 61.41

T ) — P AEBR 1 B0 T ARG 55k 22 53t .35 (P<0.05)

3 Wit5%R

AWRIFRT —FM & HH% NaOH ., B
CuSOa&ZnSOFNET A A e il T J8 1Y JC AR 6559 F2 2, B ad A
HZ R 5 E AR5, #e R Itily F & 52 NaOH #Rn
T 4.50% . EERIINE 4.00% . g% CuSO+5 ZnS0.
T 0.50% ., ZLZERIBINE 3.00%. 7EHL L2400 FHlE
B4 K B BIE U  29.90, FRIEAL N 26.24, EIE
TERETAF] 3.72 N, ZEEGE B A5 87.41%, BYE P55
90.05 4F, BALESITIr N 0.94, WRFEIRE. BN
HraRi, B AR IR & =50k 38.26 /100 g.
24.52 g/100 g R E R4 0 146.19 mg/g. 126.02 mg/g, fif
HE 5 S E SR 55 126.67 mg/g. 109.31 mg/g,
Wt 2 SR SRR RS B R asy, BOATRESA F RN
JTAE B4R ALK A, 2B R S S SR B /Ny XU )
WA K B 2 oAb R . AR AL AL T Joa s s B i i
J7, B R R AR OB B IR, B EGE
TG SRR, BRI, T O, ARSI I IR
INTERHE T A TR AR T %
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