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Abstract: [ Objective ] The present study explored the best pickling conditions from different curing conditions on
the quality of salted eggs, and provide technical reference for further processing of salted eggs. [ Method ] Duck eggshells
were treated with hydrochloric acid to thin their eggshells. A stepwise processing method was applied.Duck eggs was
marinated with salt water in the first 11 days, then the salt content of salted eggs was reduced by decreasing the concentration
of salt water with liquor and spices in the later period. The changes of albumen salt content, egg yolk oil yield, egg yolk index
and yolk color were determined on the 11th, 15th, 19th and 23rd day, respectively. The optimum pickling conditions were
determined by single factor test and orthogonal test. [ Result ] The optimum pickling condition was as fouows:10% salt
concentration, 0.6% spice concentration, 5% liquor concentration and 0.5% hydrochloric acid concentration. [ Conclusion ]
The salted eggs had high oil yield, high yolk index, deep yolk color and low salt content with the optimum pickling condition.
The optimum curing time was 23 days with the stepwise processing technology.
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Table 1 Comprehensive scoring criteria of salted eggs
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Table 2 Effect of salt concentration on variation of salted egg indicators

PSR

Lol B e

&k it Albumen salt content (% ) HhE Egg yolk oil yield (%)
Salt concentration
(%) 11d 15d 19d 23d 11d 15d 19d 23d
7 1.33+0.05 2.61+0.42 2.69 +0.07 2.93 +0.64 9.28 +1.06 11.34+ 1.75 9.55+0.48 15.03 + 4.67
10 1.55+0.20 2.01+0.21 2.31+0.02 2.67£0.01 12.11 +£2.65 12.94 + 1.09 1131035  12.86+1.91
13 2.30 £ 0.05 2.51£0.49 2.52 +0.05 2.55+0.49 11.60 £ 0.93 11.63 £ 0.46 11.77 £ 0.03 14.52 + 0.40
16 2.10+£0.21 2.70 + 0.64 2.82+0.14 2.92+0.12 11.47 £2.64 11.73 £ 1.55 11.04 £ 0.39 1141+£1.23
19 1.79 £0.16 222 +0.47 3.13+£0.22 3.15+0.60 11.25 + 1.36 12.48 + 1.25 1320+ 1.08  14.56 £5.29
BRI HEHTHEHL Egg yolk index (% ) EHEOE Yolk color
Salt concentration
(%) 11d 15d 19d 23d 11d 15d 19d 234d
7 65.90+639  7453+4.69  77.91+7.62 81.24 +7.72 10.33 +0.58 14.67 +0.58 1433+ 1.15  14.67+0.58
10 63.15+4.70  66.66+826  76.60 +1.15 76.00 + 2.26 10.33 + 0.58 10.00 + 1.73 14.67+0.58  13.67+0.58
13 57.60+7.18 6778+ 1243  81.18+6.79  76.80 + 12.95 9.33+£0.58 1033+ 1.15 14.67+0.58  13.67+0.58
16 5290+7.77 64851537  77.70+1025  63.50£5.99 9.00 £ 1.00 9.33+1.53 13.67+0.58  14.67+0.58
19 58.65+7.16 69.85 + 13.95 75.52 £0.96 78.68 + 4.90 10.00 + 1.00 13.33 £0.58 13.67 £ 0.58 14.33 £ 1.15
*3 BERRXIEEZERTURENZ N
Table 3 Effect of spices concentration on variation of salted egg indicators
T 735 HEH P Albumen salt content (% ) i1l Egg yolk oil yield (9% )
Spice concentration
(%) 11d 15d 19d 23d 11d 15d 19d 23d
0.4 1.96 + 0.08 2.66 +0.67 2.96 +0.06 2.98+0.10 12.35+2.33 1522+ 1.87 1443+001  1625+0.48
0.5 2.17+0.56 2.11+0.33 2.30+0.38 232+0.34 11.40 £2.22 16.46 +2.26 11.88+0.66  14.58 +1.07
0.6 1.88+0.18 226 +0.44 2.54+0.28 2.47+0.11 9.60 +4.71 15.68 + 1.65 11.46+023  14.54+0.72
0.7 2.19£0.37 2.25+0.30 2.43 +0.07 3.11+0.08 12.27 £ 2.67 13.55 +4.40 15.04 +£2.08 15.90 +3.18
0.8 2.32+0.38 246 +0.12 2.97 +0.07 3.16 +0.09 9.83 £0.10 14.04 + 1.42 17.80 + 1.06 15.74 £ 0.74
AR FEHHEH Egg yolk index (% ) EHRE Yolk color
Spice concentration
(%) 11d 15d 19d 23d 11d 15d 19d 234d
0.4 6498+ 1823  79.90+4.18  77.80+17.65  91.00 + 10.50 10.00 + 1.00 9.00 £ 0.00 9.00 + 0.00 9.67 £0.58
0.5 68.01+1520 82.17+1633  75.10+13.10  85.50+2.91 1033 + 1.15 9.33+£0.58 9.33+£0.58 11.67 + 1.53
0.6 69.43+18.70  84.45+2.67  87.90+23.09  90.52+9.60 9.67+1.15 9.33+£0.58 9.67 £0.58 14.67 + 0.58
0.7 85.70+5.06  78.84+12.62 82.80+12.59  85.09+6.90 9.33+1.53 8.67+1.15 9.33+£0.58 12.33 £ 0.58
0.8 80.20+6.05 71251652  8290+7.18  81.90+7.19 10.00 + 2.00 9.33+£0.58 9.00 + 0.00 12.33+0.58
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Table 4 Effect of liquor concentration on variation of salted egg indicators

B AR5 FE A& Albumen salt content ( % ) HaeR Egg yolk oil yield (%)
Liquor concentration
(%) 11d 15d 19d 23d 11d 15d 19d 23d
1.0 2.06 +0.77 2.26 +0.89 2.56 +0.21 2.84 £0.35 13.26 £3.71 11.01 £2.04 14.52 £ 0.97 1529+ 1.71
2.0 2.10+0.79 2.51+0.47 2.79 £ 0.45 2.88+0.14 10.38 £ 0.56 12.70 £ 0.13 1245+ 1.84 13.29+1.24
3.0 2.07£0.31 222 +0.03 2.26+£0.72 2.69 +0.04 8.85+2.24 10.64 £ 4.39 12.94 £ 0.47 14.41 £2.86
4.0 2.28 +0.82 2.54+0.93 2.72 +0.47 2.73+£0.24 12.10 £ 0.76 9.85+0.84 13.42 + 1.84 15.00 £ 1.76
5.0 2.33+0.35 242 +0.15 2.82+0.13 2.95£0.04 8.48 +0.70 12.13 £ 1.72 13.36 + 1.46 1527 £2.39
[EMLEEN AT %5 HEH RS Egg yolk index (% ) HEHE Yolk color
Liquor concentration
(%) 11d 15d 19d 23d 11d 15d 19d 23d
1.0 68.00 + 12.01 66.00 + 16.37 72.51 £ 8.67 82.70 + 6.41 13.00 £ 0.00 13.00 £ 0.00 14.00 + 0.00 15.00 + 0.00
2.0 66.20 + 8.85 79.40 + 3.46 80.22 +11.32 80.95 +2.03 12.33 £0.58 12.67 £ 0.58 14.67 +0.58 15.00 + 0.00
3.0 66.66 +2.53 75.20 £ 4.45 78.70 £ 1.57 82.30+8.14 12.00 + 1.00 13.67 £ 0.58 14.33 £0.58 14.67 +0.58
4.0 64.70 £ 7.16 77.90 £ 3.99 78.00 + 3.50 84.70 + 9.65 10.67 £ 0.58 14.00 £ 0.00 13.33 £2.08 1433 +1.15
50 6292+2.13  6750£892 8190047  82.50+3.96 1000£1.00 1300000  1500=000  15.00 = 0.00
R 5 HEXRER IR AENI
Table 5 Effect of hydrochloric acid concentration on variation of salted egg indicators
ERRRIATR S EL HE A Albumen salt content (% ) R Egg yolk ol yield (9% )
Hydrochloric acid
concentration ( % ) 11d 15d 19d 23d 11d 15d 19d 23d
0.5 2.03+0.31 2.13+£0.27 2.58 +0.56 2.73 +0.58 13.61 £ 0.41 12.12 £ 1.56 16.27 + 0.05 14.14 £ 0.48
1.0 2.23+0.29 2.39+0.45 2.73 £0.62 2.56 £ 0.01 12.25 £ 2.80 11.37 £ 0.002 12.13 +3.25 12.59 £2.04
1.5 224 +0.11 2.61 +0.06 2.75+0.26 2.44 +0.44 14.05 £ 1.52 11.42 +1.87 15.10 = 1.50 15.55+0.49
2.0 2.29+0.39 2.39+0.33 2.61 £0.51 2.75+0.11 14.84 + 5.60 11.21 £1.27 13.31+1.78 13.34 £ 0.15
2.5 2.13+£0.26 247 +0.16 2.52+0.10 2.55+0.54 13.96 £ 1.75 1340+ 1.53 15.32 £ 1.40 11.65+1.58
EEN LN AR HEFGEL Egg yolk index (% ) HHE Yolk color
Hydrochloric acid
11d 15d 19d 23d 11d 15d 19d 23d

concentration ( % )

0.5
1.0
1.5
2.0
2.5

57.33 +8.21 64.60+11.16  75.40 £ 15.64 77.30 = 1.38 10.67 = 1.15 8.67+0.58 9.67 +0.58 11.33 +0.58

41.30+4.74 52.80 +0.33 75.10 £ 16.70 86.25 £2.29 6.67 +0.58 9.33 +0.58 9.00 = 0.00 12.33 +0.58
59.90 +6.01 63.62+1851  72.55+10.25 74.76 + 4.00 9.00 = 1.00 9.00 = 0.00 10.33 £0.58 12.67 +0.58
59.97 £2.08 63.03 +11.31 75.16 £ 13.03 78.15 +£6.82 10.00 = 1.00 9.00 = 0.00 10.67 +0.58 13.33 +0.58

65.88 +1.72 83.20 = 10.30 85.10+6.16 86.50 +3.74 10.00 = 1.00 8.67 £ 0.58 11.00 = 1.00 12.67 +£0.58

*6 EXLWEIT
Table 6 Design of orthogonal experiment

S H# Factor
e A SRR K B IR BUM CFEHT RS D frab
Hydrochloric acid concentration (% )  Liquor concentration (% )  Spice concentration ( % ) Salt concentration ( % )
1 0.5 4 0.5 7
2 1.0 5 0.6 10
3 1.5 6 0.7 13

RIS PEE T B2 KFE, KK HA>B>  ERIEESECH 0.5%, 0 ARTI %0 5%,
C=D, BIERMRWIE > HNKRESFEERIRE~ HFERBRESEHN 0.6%, S FEKRE N
iR B HEZ PGS AIB2C2D2, Bl 10% B, e H e AR R
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RT EXTRERDH
Table 7 Analysis of orthogonal test results

s C g Ei bR (%) mEEE  EETIE (%) LAY

Test number Egg yolk index  Albumen salt content Yolk color Egg yolk oil yield Comprehensive score

A 1 1 1 1 0.709 2.47 12.00 25272 84

B 1 2 2 2 0.866 3.14 12.50 24.600 86

C 1 3 2 3 0.771 2.22 9.67 22.390 78

D 2 1 2 3 0.804 2.63 10.67 24.013 81

E 2 2 3 1 0.771 3.21 12.67 24.706 82

F 2 3 1 2 0.718 2.98 12.50 24.155 81

G 3 1 3 2 0.818 2.23 9.33 19.914 75

H 3 2 1 3 0.889 1.93 10.67 22.855 78

I 3 3 2 1 0.714 2.76 9.00 20.983 76

K, 248 244 229 24.706 82

K, 240 246 235 24.155 81

K, 243 243 235 19.914 75

K, 242 242 234 22.855 78

x8 FENWMER
Table 8 Results of variance analysis
RS 3/ S5 1 H ¥5 F {8 P i
Source of variation Sum of squares df Mean square F value P value

ERFRATUI L Hydrochloric acid concentration (% ) 66.8889 2 33.4450 100.3350% 0.0099
FH3P B3 4L Liquor concentration (% ) 20.2222 2 10.1111 30.3333+* 0.0330
F TR 3L Spice Concentration (% ) 14.2222 2 7.1111 21.3333* 0.0469
AR E A Salt concentration (g/100mL ) 14.2222 2 71111 21.3333% 0.0469
PR22 Error 0.2222 2 0.1111
ST Sum 115.7777

T Fog o799, Fops (2, 2) =19; * RREFEE, = FORERMBE.

Note: Fyo,
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AR THEr, R G T ROl B G, 1T R Ok ik
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BN 0% . 5% . 9% T IEH A 14 d, A
FROTEL 5% () PP T 0 R AT PG Ak, TORERR
PR, X S5AHITST 145 S AR —2
34 HBMERERFEREPHZE
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FE5T Y JEE B AL/ I 52 i £ R 178 37 3 A
I, S A R BT (220, T AR R A R T )
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oo AL R EAAH, S 3% M
WA ERK, JREMEH 20 d 2247 k] i B,
FU AL Gl il 32 40 e 7 JRL ) o 2R DR 5023 T 1%
(R ER R A PR 72 F T 10 min, fFER/KTH 5B AE
DS, NIRRT a8 0 A ). X 5 AR 9 iy
WAL X —5, BRI KB, B Eh R
BB, B sE S — e RIE TR,
H 2SR R AR TR B0 M 0.5% I, E5¢ 48U,
WA W 288% , [RIRHBIFG] L s BAT S i &
i BEEThER BRI EEREIEE A
B, I HAEMER] 23 d BFE 2R, BALGRIIE ]
30~40 d ML RT 7~13 d (312

4 e

N e SO E - ) 3
B, MRS, E I E Rk
H10%, TR EECN 0.6%, FTIARF 2L
K 5%, FHRREFECH 0.5%, HEhl 23 d )
R EEREROR. EROER, HEA
AR A R, R R 51558 30~40 d 1Y
Jif ot L SO L 4 T RS BT, O ELRRAIR T R R
W) Er b, MW PR A RE L AR A B Y
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