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Abstract: In order to solve the hard-core and black-circle problems of salted egg yolk in actual production, three natural antioxidants were
added to the coating mud for salted eggs during pickling, and their effects on the physical and chemical indices of salted egg interior quality were
compared. The results showed that the addition of tea polyphenols, astaxanthin, and yeast selenium to the mud did not change the maturity
period of salted eggs (19 d), but significantly reduce the mass ratio of yolk hard core to whole yolk (5.75%, 6.68%, 9.06%, respectively, with
15.32% for the control), and inhibited the formation of black circles (1%~6%, 2%~5%, 8%~15%, respectively, with 18%~41% for the control).
The treated eggs had black circles in lighter color (light gray color) and significantly reduced hardness, springiness and chewiness. Compared
with the control group, the tea polyphenols and astaxanthin groups had decreased ratios of the primary oxidation product, conjugated dienoic
acid (CDA; by 37.50% and 31.25% respectively),decreased contents of the secondary oxidation product malonaldehyde (MDA; by 23.31% and
41.56% respectively) (p<0.05), and insignificant changes of yeast selenium (p>0.05). Compared with the control group, the types of free fatty
acids in the treated egg yolk essentially remained unchanged, but their relative contents changed slightly: the total content of unsaturated fatty
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acids, oleic acid, and linoleic acid increased significantly for the tea polyphenol group and the astaxanthin group, with those of the yeast
selenium group exhibiting insignificant changes. Taken together, the organoleptic quality of the treated egg yolk was greatly improved, with
orange-red color detected in the yellow color of egg yolk and a reduced degree of lipid oxidation/decomposition of egg yolk, compared with the

control group. Considering the lower original cost of tea poly-phenols, tea polyphenols are most suitable for the rapid production of salted eggs

by the salt-infused mud coating method.
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Table 1 Sensory evaluation criteria of slated eggs
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TS SRJGHERE e P BRAAT, IS5 FE 4 bR
HER 28

AMDA NI ) MDA 5%} EZH MDA 1% 5
XL MDA [IELE, A%

1.9 Jig B B 41 M

SRS S 5890, 1% R BT IR E R A
DB-23, 60.0 mx250 pumx0.25 pm; A 2% i 5 .
280 °C; &/ : 40 mL/min; 2% i% : 450 mL/min;
FEFTHE: 100 CRNELHERE, L8 ‘C/min IS I
F+5 175 °C, BEJG LA 3 C/min FUEERE T4 230 C,
fRFE 10 mine PAEVSUHERES, ity 20:1. BRK
BEFE 1 pL, SRS EE =M,
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BT EAR A F T, BEK ] Mean+SD &R,
RAYEDIHTRA Excel AL DI BEAS B HEHR HI )
TR ERHL

2 HZBRG5OH
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TEENZER (p>0.05) ; 4 HEEHEE R (1.37%~
1.46%) , NEABENZER (p>0.05) . HHss \10
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Table 2 Ripening period and salt content of salted egg

A A B C D
AR /d 19 19 19 19
EaeLEY% 3.69+0.06° 431£0.11° 43340.11° 4.70+0.56°
EEEHFEY 1.37+0.48" 1.44+0.02° 1.46+0.01° 1.45+0.02°
EagkEe ik 2.69+0.13° 2.99+0.05° 2.97+0.10° 3.24+0.28"
E: FUTHRFEATERTEE (p<0.05) . TA3. 4. 6. TF.
#* 3 EREITS
Table 3 The sensory score of salted egg
FE A c D
B 10.00:£0.00° 10.00+0.00° 10.00:£0.00° 9.80::0.00°
=8 28.50+0.50° 28.20+0.50° 25.000.50° 23.30+0.50°
Tk 28.600.30° 28.00+0.30° 23.80+0.00° 20.20+0.20°
Rk 27.300.70° 26.500.20° 26.30+0.10 26.20+0.10°
B 94.40+0.38 92.70+0.25 85.10+0.15° 79.50+0.20
20 REREFH Xﬁ}ﬁfa%%ﬁiﬁﬂ%ﬁﬂ@ : %éﬁ%%%*é:)ﬁ%, TLi5H,
X HRZH e G B A RIS BN, VTS 9.80, A-C
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W, RWER 3. REERE S SHEABEEER
(p<0.05) , PP AIKICH: ASB>C>D. I T %%
2R E R B . PRI, ¥R

HIPIPUEAT G BT 10.00, AT A%
BN, WA, AL B AEARBEER, 17
e (28.50, 28.20), HHEAREEMEER, C. D
HIRERE R, HFEE FVaE A, B PEBR S (25.00.
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E1 REEEOENE
Fig.1 The hard core of salted egg yolk
E:Ar REBA; B SFHFEL; C: MES; D: 2
M, FTHR.

e
s

B2 REHEEEENE
Fig.2 Black circle of salted egg yolk

aon-

*4 REENERE. BOE, FMFEREEER
Table 4 Statistics of salted egg yolk black circle rate, hard heartrate, TPA and chromaticity

A A C D

2B &% 1.00+0¢ 2.00£0° 8.00+0° 18.00+0°
R E /% 5.00:£0.06° 3.00+0.03¢ 7.00:£0.06" 23.00+0.02°
BRI Y, 10.00+1.00° 10.00+1.00° 11.00+1.00° 13.00+2.00°
RS R E /% 6.68+0.15° 5.75+0.33¢ 9.06+0.14° 15.32+0.08"
EHAEN 4.16+0.02° 4.78+0.02° 6.59+0.18° 8.30+0.06"
B 0.22+0.01¢ 0.28+0° 0.35+0° 0.43+0.01°
B/ (g mm) 32.0740.17° 34.71+0.09° 52.41+0.87° 95.93+2.14°
L* 72.78+1.12° 66.78+0.17° 62.12+0.22° 59.03+0.11°

a* 14.30+0.05% 10.32+0.15° 10.26+0.06° 8.97+0.12°
b* 54.30+0.11° 51.51+0.27° 47.99+0.45° 43.69+0.13°
AE 91.92+0.13° 84.97+0.35° 79.17+0.50° 73.99+0.21¢

24 BEHE AR R

= 4 A B R HEEC AR R, Sk,
MMM, Ay By C ZRUhEREE, sk, PHPE ML 25N

186

TD4. A, BAWE., #h, H5C. DHARARE
EVEZER, VA EA BEEES, D HIHE
Pt AL B AL 3 £, & C Ak 2 fi5. @A
PEHT, 5K 5 s, S5REMW, BUEREFRE.



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.1

TR . MHIEHE 2 8], AHOC R E090 718 0.99. 0.96. 0.93,
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Table 5 Results of correlation analysis

ME BSK AR BSRER R Rt vEegit

RS K 1

RS E 0.99 1

BE 0.96 0.94 1

a3 0.94 0.90 099 1

ik 0 0.99 0.99 096 093 1
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ZLERCK, a*E A>C>B (4308 14.304 10.26+ 10.32),
A WEFED I (BB AR, mERL a*EH5K,
B 2H a*(HAK T C 20 AT Rl AR R 1 2 S R 1 A
BEAK T AL B a5, XU BRI s ]
FeEEDE (B BEIIER, fSEaEE R
L. Hrp A A2, BEMSER A,
s, EERK, 2alB A S 23.29%.
59.42%. 24.23%, X&EREFR I AR EAE
F JEEAR— 3, BEER PN R RIS PR A O
IR o AR K R R Rk Bk e FR s I S A A7)
Jo BB A AR

26 REAAMNFT WK

PSR S e, TEREEIN TR, &b
5 b A it RO R R B PO B o S Ak
fep P AR TR, g R AR R R, AU
Y5y I ENG =R B A=) . R T PN ]
PTG B B T R AR s, DASERE
FRAE R R RIS AA =8, LA AR B o Ik 2
A=, Mg Rk 5 fis.

HHEIRIR(E (CDA) R ey ANFEE N =
AR, TR T 2 AMBREITREAL MR, WE 6
SEHATHEL, WhndtEdRE, AL B AR CDA

H% D HE & K 30%LL E (p<0.05) , UiEHPISALL
ARG RANHI DRI AR S, H A HA 2B RCR
B MRS ZRHEIEA TR, AL B 4R D AW
ACDA 4351 N-37.50% -31.25%, BABFEWER
(p<0.05) . FHZMEA RIFFPUEEAMERE T,
% NPT b ARt O, 2 Iy R FEIR IS AA LI
HFIVERE, B 7 ARSHPUEAES, TRk A
FYEA S, IEEI ARG D T A A
bR R B AE IR I AE NS TR IRTH R, )
KIEFE MR T I A . 22EPIRBLARIN 0.03%7%
LWy S54EE R C Mg & B A& I e A BT
s B M B8, RN R4 R,
XS B TR W A A TS AU . R 2 S
Tk, MWEZEMEMTRRK NP E A, MEEH
KR, FLEIME RReE 2 A EAHEANEDS
I AL FAL, WANE R AR IR RAE SR A
IME &2 MBI E MR, AIREY, A5 ET
KB, HARH R (R R B AR RN R, — HEEA
R R TR R, RN R R
PUAMAER . RZMANE R BETT R E- &
AR BB E EE, Eid RN
B PR E A, SR S T R SR

W (MDA) ZNRFIRGEN=Y), AR
AR R AR R I E B, AL B 41 MDA
B (15.50 ug/g. 11.81 pg/g) B D4 (20.21 pg/g) ¥
0 K 23.31% 41.56%, BLHIZEZ AR 2]
EMHIRF IR B AN (p<0.05) o o, A 41
WA T B4, IXTTRE S A AR Il E K,
IRFNEAE, FhiE AR RE R A= A
—E IR E Y, X BIg AT A RIS
AR g B 4L HR S 2o R R
MDA HFHERRR S A HINA LBy sk, HIvE D%
MER (p<0.05) . 454 A. B AMWIZENL =K
&, AHABIKMHIZENY) B GE A ™
V), BEEMEHIIARAT, MERANKS AW &M
B, U OIAKIEERRZ RN, AT 2 HA)
JRIRG BRI Tt X SAHR SR 2R
2SI ESEE T H0, SEWE E 4N
N S A=) MDA FOREREAREG LDH 7242, HAH|
H,0, SEMPTAMEER SOD M GSH-Px 5 PEFAK
(p<0.05) MIWFFLER—E IR R EA PN
B BEGEN, (EREEN 2 dhA IR, (3
GHEA, URAER P AN 1R SR AE VP i
B BRSNS &, EMEHELRE PR R AT ek
SRR IR SIENEN, SidEA, HANEF, )
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)2 B P T O T YT R A TR A A e o R RRARZH.
MDA {HHEXHRAF 4.11%87 &, EARA BEEE
5, YL IR B AR SR A B E (p>0.05)
G E S B H I E AR BB R, 75
5 HA I8 JFE A B H KA Sk i AR S5 s
B R TR RO, 8 X aR e 2 0
ISINEARHRIE M R G T, Il B LA LRE
JIRARAREAKCT, ] 25 PO R LA S RRRF AR 7R
11 0.6 mg/kg FEBRHi ] 25 PR B T MDA & &,
HIE B E T M o-3PUFA (AR, a5
RIUEEN HAR BRI 400 mgkg A2 WA 0.25
mg/kg BERHIEAT BAERIN, RIIRSEAS AL UL AR
SN NN VA N I 5 3 g S 2 (3 i B i
HrEs RSP PR R R RS R R AR N 0.2
mg/kg TIREREAFAR i 45 T IR S A A s
(T-SOD) HME (p<0.01), HFHFK T M2 MDA &
&, UCENUABTAELERERIE AR GE ST R

BN 5 A RO AIT 7E R L

AN RN T 5 i RS S A 3 3 BRAN R R BE R I
JRAEAG o R o 3 I IR T R R A 2 A A T
Ky WA BRIy TR EI, — e
(RIX L T £ b XS A e I . s
(IR T A M 5 M B R SR B R ™, A&
TRAAAET, ARt R SO JR T SR e o Y
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RETE PR AR E AR B T RE, AT 2E AR R
AL, XA R A SR B IR SR
PR 50 B IR A RS S e S e P, 5%
LI BCEEPUANCR R N, AIRE SR ZME LIk
ST e T A AT U E T Ok BEDRRS 12
SN AR R A LLBAT FLRFA R KU, 3L
AE TR AT AN B RO,
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*k 6 BERSNSINELER
Table 6 Determination of oxidation products of salted egg yolk

R H A B C D
CDA/% 0.010+0.00° 0.011+0.00° 0.016:+0.00" 0.016+0.00°
ACDA/% -37.50+0.06° -31.2540.05° 0.00" 0.00°
MDA/(ng/g) 15.50+0.12° 11.81+0.06° 21.04+0.07° 20.21£0.13*
AMDA/% -23.31+0.05° -41.56+0.03¢ 4.11£0.06" 0.00*

R7 BEREGEEHRMARSE
Table 7 Types and contents of free fatty acids in salted egg yolk

A A B C D
IR 0.4140.03° 0.4420.05° 0.48+0.05° 0.410.02°
SIER AT 0.04+0.00° 0.04+0.00° 0.05+0.00" 0.04+0.00°
AEAE A 22.76+0.12° 23.9+0.22° 24.90+0.62° 24.30+0.21°
AR R 3.17£0.02° 3.20£0.01° 3.35+0.12° 3.35+0.06°
AR REER 4.51+0.04° 4.440.04° 4.37+0.14° 4.44+0.02°
hER 58.94+0.06" 57.8+0.05° 55.60+£0.05" 57.2+0.06°
5B 7.66+0.05 7.67+0.01° 8.50:£0.13° 7.45+0.01°
o- I FRER 0.33£0.01° 0.32+0.02° 0.34+0.01° 0.30+0.02°
NA-11- =B BR 0.38+0.01° 0.4120.02° 0.47+0.02* 0.39+0.01°
NIA-11,14,17-=+ 8% = He bk 0.16+0.01° 0.17+0.01° 0.18+0.01° 0.18+0°
NA-8,11,14- =+ 2% = M B 1.44+0.02° 1.3240.01° 1.49+0.02° 1.63£0.08"
NIR-4,7,10,13,16,19- =+ Z 8k < Hi A 0.18+0.01° 0.21+0.02° 0.20£0.01° 0.21+0.01°
refeflE RS & 27.69+0.07 28.80+0.08° 29.70+0.05° 29.10+0.08°
Tefefg A& 72.31£0.07* 71.11+0.34° 70.20+0.12° 70.79+0.23°
B R bARE RS E 62.54+1.11° 61.40£0.94* 59.50+£0.24° 61.00£1.21°
% TeAefR R & & 9.77+0.06 9.71£0.24° 10.7+0.14° 9.79+0.45"
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