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Abstract: In order to determine the cause of the “black circle” phenomenon in the yolk of vacuum cooked salted duck eggs, the
physico-chemical analyses were carried out on the black circle parts of the eggs with black circles and the corresponding parts of the non-black
circle in the yolk of vacuum-cooked salted duck eggs in. The changes in the substances related to the formation of black circle were further
studied after a preliminary determination. The results showed that the protein content of the black circle in the eggs with black circles decreased,
the protein electrophoresis band at the molecular mass of 36 kDa became lighter, the microstructure of the egg yolk particles was in a mess, and
the change of protein altered the pH value of the black circle region from 6.20 to 7.90, causing the change of the pigment color from yellow to
yellow-green; The sulfur content is evenly distributed in the yolk of the non-black circled egg, while the sulfur content of the black circle part in
the black circled egg was 5.17 mg/100 g, which is higher than that of the non-colored part (2.31 mg/100 g); The color reaction of S* with egg
yolk components indicated that it only led to a color reaction with metal ion-containing phosvitin, which can make the color of normal egg yolk
turn black, darkening the egg yolk color, and promoting the formation of dark circles; The contents of Fe, Zn, and Cu in the black circled egg all
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increased to a certain extent, and all exhibited a color reaction with S, although only the color resulting from the reaction between Fe and S*
was in accordance with the characteristic color of the black circle. Further studies revealed the positive correlation between the Fe content and

the degree of yolk black circle. In summary, the formation of black circle was caused by the combined action of protein, Fe, S* and pigment.

Key words: salted duck eggs; "black circle" phenomenon; protein; metal ion; sulfide ion
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s 2B% FEZEE
= A B Ao B,
K% 29.54+0.09°  25.51+0.12¢ 28.18+0.02°  26.35+0.06°
A% 18.67+0.10°  24.46+0.23" 21.3140.04°  21.28+0.09°
1% 2.15+0.02°  1.60£0.03° 220£0.02°  1.54+0.01¢
& W5/% 47.18+0.03°  42.17+0.17° 46.99+0.12°  43.27+0.08°
BB TF/(mg100g) 5.17+0.08*  2.31+0.07° 231+0.06°  2.30£0.02°
&% /(mg/g) 0.11+£0.02*  0.09+0.00% 0.10£0.01*  0.10+0.01°
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E WX EF, FIATFAER a. b. oo dRFTEEEF (p<0.05) , FHE.
R 1 AJ%0, A A B By 7K4r. #hr. B o B RERRG S REERA K. IR E

i Je B3 BATAE R EMEE R (p<0.05), {HHIE HRE R
HAEMEE E XA AAE AL, BN
A(Ag>B(Bo). KL, UM &E iR Ko

236

E=R, EARAMEFESELEELES (p>0.05),
SRIM, TEEEREIEY, A S EARESEN 18.67%, B
BRI AR S BN 24.46%, ZREFE (p<0.05), A



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.9

FRALEL B AR 5 2.86 mg/100 go d&EMLA L
PG S R T RE AL R B AR, 800 & T IR 1)

IIEE R o ZR BT RT DA, I AR T fE
SEARE T &R K.

*2 ERESFEEETRMUESESTHEE
Table 2 The content of metal ions in different parts of black circle eggs and non-black circle eggs
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Fe 106.82+0.10°  82.43+0.15° 81.18+0.15° 107.07+0.13"

Cu 1.55+0.10% 0.61+0.13¢ 1.16+0.11° 0.90+0.11°

Zn 37.59+0.10°  33.86+0.14° 31.03+0.11¢  40.86+0.12°

Pb 4.50+0.10* 4.50+0.11* 4.37+0.12° 4.84+0.12°

Mn 1.26+0.10* 1.26+0.11% 1.23£0.11* 1.24+0.11%

Se 0.79+0.11* 0.77+0.10% 0.80+0.11* 0.80+0.11*
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Table 6 The distribution of metal ions in different black circle levels

ZRARE
FoRlIIE GRS
1 2 3 4

AL* -69.92+0.13¢ -57.95+0.10° -50.31£0.21° 45.33+0.23°

Aa* 1.08+0.13" 2.05£0.11° 4.1840.25° 6.17+0.12

N4 . .

Ab* -6.33+0.08 -3.48+0.77° 6.45+0.11 16.45+0.01°

AE* 70.2240.14% 58.09+0.43° 50.90+0.23° 48.61+0.11¢
Fe 120.47+0.012 111.77+0.01° 105.26120.01° 98.517+0.01¢

Zn 38.86+0.01° 42.47+0.01° 31.884+0.10¢ 36.7740.11°

] Pb 4.54+0.01° 4.46+0.03¢ 4.875+0.01° 4.628+0.01°
2B BT EE/(ug/e) . . .

Mn 1.26+0.01° 1.2440.01 1.248+0.01° 1.239+0.01

Cu 1.18+0.01° 0.87+0.01¢ 1.498+0.01° 1.126+0.01¢

Se 0.79+0.01° 0.77+0.00° 0.791%0.00° 0.794+0.01°

A AT 120 3 ARTFEBNEE; | ARE, 2ARE, 3AHME, 4 HAEFEE.
*7 eRETEE5ERREEREXESH
Table 7 Correlation analysis of metal ion content and degree of black circle

ERET = — —
rKX A BEH HX A REFM HK RIS BEME rK A BEH
Fe -0.99 p<0.01 -0.98 p<0.05 -0.96 p<0.05 0.97 p<0.05
Zn 048 p>0.05 -0.54 p>0.05 -0.54 p>0.05 0.50 p>0.05
pb 0.51 p>0.05 0.50 p>0.05 0.49 p>0.05 -0.54 p>0.05
Mn -0.85 p>0.05 -0.71 p>0.05 -0.67 p>0.05 0.85 p>0.05
Cu 0.23 p>0.05 0.30 p>0.05 0.30 p>0.05 025 p>0.05
Se 0.39 p>0.05 0.63 p>0.05 0.68 p>0.05 -0.34 p>0.05
%8 RERENRISHIME P EHNELIFR
Table 8 The color change of salted egg yolk in different gas environments
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