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Abstract: To investigate the factors influencing the formation of dark circles in vacuum-packed cooked salted egg
yolks and the changes in protein patterns. First, the role of egg white and yolk on black circle formation in salted eggs was
determined; second, the changes in the physicochemical properties of the egg white, external yolk, internal yolk proteins, and
phosvitin (Pv) in the yolks of fresh duck eggs, raw salted eggs, cooked salted eggs, and cooked salted eggs with black circles
in the yolks were assessed. The results showed that black circle formation in salted egg yolks occurred gradually during
storage after sterilization because of the combined actions of factors in the egg white and yolk. Ovalbumin degraded after the
fresh duck eggs were salted. The total sulthydryl content in the egg white in cooked salted eggs decreased by 31.62 pmol/g
compared to that of fresh duck eggs. Additionally, the spatial structure of the egg white changed. Furthermore, the Pv content
of the external yolk of salted eggs decreased from 2.21 to 0.11 mg/g, and the iron-reducing capacity increased from 0.20 to
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0.51. The metal chelating capacity of Pv in the external yolk in cooked salted eggs with black circles decreased from 79.64%

to 71.26%. The Pv structure in the external yolk gradually formed a stable S-structure. These results indicate that the salting

and cooking processes are key stages in black circle formation in vacuum-packed cooked salted eggs, providing a theoretical

basis for reducing black circle formation in yolks in salted eggs by controlling the salting and cooking conditions.
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Table 1 Simulation conditions of black circle formation

process of cooked salted eggs in vacuum packaging
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Fig.1 Analysis of black circle phenomenon of salted egg under

different packaging and storage methods of salted egg
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Fig.2 Coloration of egg white at different iron ion concentrations
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Fig.3 Coloration of the egg yolk at different sulfur ion concentrations
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Table 2 Changes in the intermolecular forces of proteins
during the formation of black circles in salted eggs

ha LI Sl S2 S3 S4

FELME 19.14 £0.29° 5.50 £ 0.28" 2.06 £0.16" 1.78 +0.08"
A RE 1671 £0.69° 1.71£0.22° 0.23 £0.05" 0.31 +0.10°
A RE 3.23£0.15° 0.96+0.12° 0.39£0.08" 1.40 £0.12°

ZEMAE 3.81£0.10° 1.01 £0.15° 0.11£0.02° 1.07 = 0.07°

E: AR EFEEATEFRE (P<005). S1: BT
HEVER Jy; 820 EAEAER A5 S3: BKAEVER ) S4: AR
R . R 3.
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Table 3 Changes in the intermolecular forces of proteins during the formation of black circles in salted eggs

RE An LIRS S1 S2 S3 S4

HEEEE 12.85+0.24° 2.94£0.22° 0.26+0.13¢ 0.04 £0.02¢

‘ % RE 10.63 +0.55¢ 7.78 £0.52° 1.72 £0.23° 0.05 £ 0.02°
e R ‘

R 0.25 +0.06° 0.14 +0.08* 0.41 £0.08° 2.41+0.08

2B RE 0.40 +0.08° 0.19 £0.02¢ 0.78 £0.23" 2.47+0.76

L E 13.83 +0.41° 1.64 +0.87° 0.18 £0.05¢ 0.02 £0.01°

‘ A K& 11.86 £ 0.23° 8.28 £0.39" 0.67 £ 0.05 0.04 £ 0.02°
NEER ‘

R 0.32 +0.06° 0.22 +0.09* 0.39 +0.02° 2.70 £ 0.09"

2B RE 0.28 +0.08° 0.20 £ 10.05° 0.38+0.01° 2.45+0.09°

® 4 REEREERTEHPV_RENEN

Table 4 Changes in the secondary structure of Pv during the formation of black circles in salted eggs

RE) An LI a-¥25% B-Hr & B-4EF T AU il

s & 2221+ 1.84° 2334 +1.43" 42.47+3.16° 11.97 £2.65"

L% 21.69 +1.52° 21.84+0.32% 4720+ 0.26° 9.26+1.14™

e BT )

| A 20.64 £ 0.72" 21.17 £0.83" 48.80 = 1.07° 9.39 £ 0.90™

2 BARE 21.89 +0.73" 20.53+0.38" 48.95 £ 0.90° 8.64 +0.05™

s & 22.78 £ 0.85° 21.20+0.72% 4745+ 126 8.57 £ 0.20™

% 21.90 1.29° 22.08 +1.24™ 46.54 +1.37° 9.48 +1.35™
N EE ] , ) .
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Fig.8 Changes in the crude extract content of Pv during the

formation of black circles in salted eggs
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Fig.9 Changes in chelating metal capacity and iron-reducing

capacity of Pv during the formation of salted egg black ring
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