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ABSTRACT: Objective To optimize the processing technology of red mud roasted eggs and analyze their volatile
flavor compounds. Methods This study adopted the mud-immersion method, used potassium chloride (KCI) to
partially replace sodium chloride (NaCl) and red mud as an auxiliary material. The salt-mud concentration was
controlled, and the pickling process was optimized through an orthogonal experiment to develop novel red mud roasted

eggs. Gas chromatography-mass spectrometry (GC-MS) and gas chromatography-ion mobility spectrometry (GC-IMS)
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were utilized to determine the volatile flavor compounds of the products. Results The results showed that when the
liquor addition was 0.6%, the KCl replacement was 7%, and the salt-mud concentration was 51%, the obtained products
exhibited moderate saltiness, a high yolk oil exudation rate and the best sensory quality. GC-MS detection revealed that the
relative contents of esters, alcohols and ketones increased after pickling, while the aldehyde components changed. Among
them, hexanal, 1-octen-3-ol and furans were the primary flavor contributors. Furthermore, GC-IMS results demonstrated
that before pickling, alcohols and straight-chain aldehydes were dominant, presenting a fresh and fruity fragrance; after
pickling, esters and branched-chain aldehydes increased, which enhanced the ester and roasted aromas, resulting in a richer
flavor profile. Conclusion The red mud pickling and roasting process effectively promotes lipid oxidation and the
Maillard reaction within the eggs, which transforms the flavor from a light fragrance to a complex flavor. This study not
only improves the defects of traditional salted eggs, such as high salt content and unstable quality, but also provides a
valuable theoretical reference for the development and promotion of low-sodium and characteristic flavor egg products.
KEY WORDS: baked eggs with red mud; low sodium; optimization of processing; gas chromatography-mass

spectrometry; gas chromatography-ion mobility spectrometry
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Table 1 Factor level table of orthogonal test (%)

K ACEWIIED)  B(KCLEURY)  CERIBHE)
1 0.6 55 49
2 0.8 7.0 50
3 1.0 8.5 51
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Z: 8 GB 5009.44—2016 { &ML EZRmME B
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2 BRI AT T ek, B 3 A

ARV DL 1 M
Pickling process of baked eggs with red mud
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Table 2 Sensory evaluation criteria for baked eggs
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N ERE | JORE, JOER . RN . ARSTHA LI B HE AR 8~10
E(10) Mootk . LRY. RETHR . B, ERBaE%R. BEARYS 6~7
WmoToesE . AL, WAL, Bk, BEANY 0~5
PN, S RRIE T, B 25~30
Eik AT VR B 7 HL AT LA 20~24
(30) P — R, S5 RRE, 2 BER 15~19
P2, iRk & Bk, ML 0~14
PR TSR AN, BBk, HEW T2 25~30
EH00) A TUEA VP AR, ol FSAschE 20~24
EAIGHZ)AE B AN YD TR, Bk IR, ORIk 15~19
BTV, 5 AME T Y 85 3 2 B E D 0~14
BAFENA K, TRk BRAEWR, Ol BEEE S . EHEMER 0 . BN ORE M, §T 5530

AR Al A R [ A A IR

KRGO MR A D . AR AT 11 . A TR A A A G 20-24
A BRI 2 A IR AR 0~19
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W s e, YRR AR, ORAER A 1 mint'7,
1.7 GC-IMS EF73E
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BH, IR IR LT ) XS R S B B, IRt
R BIAH T 7= bR SR T . B4R, RN
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22 KCEREXNELERREN

KCI #5206 X0 2 i I B 43 (4 5 1 L3R 4

KCl QX A FE L5 A i AT B0 . B
KCl &R MR m, BigE gt e, XemT K
HIZK A8 242 Nav/hh, KEZEVE O A9 B0 B BB, it
Hb, EREEN KCL R RE AR B SE RS ARV I 45 4, S0
TBBIE, SEE L NaClLF KCL#EAEN, T
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Table 3 Effects of wine addition on quality index of baked eggs

RN/ % HIH ST % HH ST % MR % BB TE 5 LGV 15
0.4 4.23+0.06° 1.19+0.12° 50.71£1.11° 78.40+2.27¢ 0.40
0.6 4.45£0.13° 1.24+0.09° 54.28+0.62° 82.90+1.79% 0.67
0.8 4.52+0.11% 1.310.05 54.92+1.27° 84.50+2.80° 0.71
1.0 4.59+0.05" 1.34+0.08" 55.85+0.98" 81.20+2.04° 0.47
12 4.72+0.18" 1.46:0.15 57.69+1.10° 81.90+1.45" 0.43

H: FSIRR/ NG 8RR 22 57 1835 (P<0.05), £ 4~6 [,
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Table 4 Effects of KCI replacement levels on quality characteristics of baked eggs
KCI A E /% IS/ % HEHT /% EF IR % T4 45 LA
4.0 4.06+0.26 1.14+0.06" 50.63£1.99° 78.50+£0.97° 0.50
55 4.23+0.21* 1.24+0.06° 54.29+0.87° 81.90+2.38° 0.59
7.0 4.38+0.32" 1.29£0.08" 54.57+1.43° 86.00+1.89° 0.67
8.5 4.50+0.15° 1.33+0.12*° 56.18+0.66° 84.30+2.54° 0.57
10.0 4.59+0.23 1.42+0.11° 58.75+1.15 75.90+1.45¢ 0.20

AR KCL B AR i X He 40 25 45 4 b 28 B A5 4 J5 A5
GATENA BF S Y KCL RN 4.0%., 5.5%0MF, 2
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ZRE TR, FEEGATAFER 020, AR 7.0%HT,
LEAVEAr ik 0.67. MK, TG MRS EE D, E
HihRR R, FBE MR, FRIIZAIN SRR | A
P B2 (MU T B, $EE5.5% ., 7.0%. 8.5% 3 1>
KA TR IE AR, LAE—E i T 258
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N [ 56 V8 ViR 3 Xt 45 X0 B 45 b 2 BRI A5 460 S5 T 4525
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0.20, ILHFEEE . A S E R E, FURR R, P R
2, SEGAES K. HRERIREREN 52%0F, B
WEE, (HER IR RE AL, B SRS, h
TR Ko TR, (ARG HERE, FIAEA 52%
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PR AR A Sl T, K — R TG O e T IR VAR B B e X 5
[, NOTEHR T R BE A A T R, BRIUE, HEH 49% .
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24 EXRBWERITSTL
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LR, ERRI R )y 22 g R EK 6. 7,
& 6 nI, XHEAINE . KCL R HIRKE 3
MHEEHTIESRGE A, AVE THESERETZS
BHA H ABCy(E AN 0.6% . KClEALHEE 7%, hieHk
B 51%), W2 TR ELSE &1 femh 0.85, 548
PRFEBEAL, EIE BN OEGE T, S, ER
FAURE PE/ 48R o W22 50T o 45 DR s i R A vy
LRV M ESKCl B> A I, ISR Ve B i p g 25
LEATPE MK, KCl BAAERZ, I Ny &
LEA VRS R I /N
PRIE 7 Iy 22T AT AL, LIRS T 20 R
Hh & DR MR B N (M E AR RN BEIE . CER VeI BE )X 45
iR B P=0.031<0.05, W22 fER, BoE
JifE 25 R ) S i DR 2R B (KICT AR )[R RE R B A 8 3 5
P=0.032<0.05, HZmaREEAOR TERURHEE . 1 AGE N
ORI/ P=0.077, FixEBEKFE, F£HRE FHE
o SRR EE>KCL B E>Wa R . X —25 RS IE
LRI 22 T 458 — B, HE— A I00E T Eh vk B 7E i
ET LR ETHAL,
25 HEHIZREPERERTK
AERERME 2 R, LR, AER
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Blod,7d, EFREMNGTEE, BUEIT ARG 0 E R
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Table 5 Effects of salt mud concentration on quality indexes of baked eggs

VeI BE /% ISR % HE AR/ % R % B ES/4y SEVEI4Y
48 4.62+0.16* 1.43+0.14° 60.64+1.16° 77.301.83¢ 0.20
49 4.59+0.05" 1.36+0.08* 58.25+0.85° 80.10+1.29% 0.39
50 4.47£0.13" 1.28+0.05 56.19+1.20° 83.70+2.31° 0.69
51 4.28+0.11° 1.22+0.06° 52.93+1.09¢ 81.40+2.27° 0.61
52 4.19+0.24° 1.17£0.12° 51.47+0.98¢ 79.60£1.65° 0.54
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Table 6 Determination results of orthogonal test

T Ry St 3% XEe 22
sty AOHE - BIRCUR - CORE e timn, maraaiy,  SOUHIME O BE O &S
e RRE) /% WE)% 1% PE4Y143 YA 153
1 3 3 1 3 4.56+0.19" 1.43+0.09° 58.30+1.89° 88.10+3.41° 0.50
2 1 2 3 3 4.21+0.15" 1.20+0.13° 56.67+1.31"°  96.60+1.58" 0.85
3 3 1 3 2 4.38+0.27° 1.39+0.14% 50.23+0.86¢ 93.00+2.40° 0.47
4 1 3 2 2 4.35+0.17° 1.3540.07% 55.87+2.10° 88.40+3.03¢ 0.53
5 2 3 3 1 3.9240.09° 1.12+0.04° 53.61£1.07° 85.20+1.48¢ 0.62
6 3 2 2 1 4.64+0.15" 1.40+0.12% 54.20+0.58"  93.50+2.07° 0.51
7 2 2 1 2 4.76+0.11° 1.2440.07° 50.79+1.04¢ 85.90+1.79¢ 0.31
8 2 1 2 3 4.69+0.24° 1.510.06° 54.88+1.30%  79.10+2.33¢ 0.13
9 1 1 1 1 4.77+0.10° 1.46+0.10° 52.14+0.64%  86.70+2.41% 0.25
K, 1.63 0.85 1.05 1.38
K, 1.07 1.67 1.18 1.31
Ks 1.48 1.65 1.94 1.48
ki 0.54 0.28 0.35 0.46
ks 0.36 0.56 0.39 0.44
ks 0.49 0.55 0.65 0.49
R 0.19 0.27 0.30 0.06

®7 EXRBHFEINER

Table 7 Variance analysis results of orthogonal test

T 22 A

Ji 25K P & ¥ F P
& IE AR 0.357 6 0.060 24.475 0.040
AR 1.932 1 1.932  794.014 0.001
AGH A
% 0.058 2 0.029 11.959 0.077
B (KC1 %
Jramey 0.146 2 0.073 29.973 0.032
Clt e 0.153 2 0.077 31.493 0.031
WY % ) : : ’
Rz 0.005 2 0.002
Bt 2.294 9

MK, TRATEE I RAERT B M e I e, B
BB FBLEAE R 14 d, 21 d, E7EMKYBA 8 3 0 Hb N
o i Bk At e HR IR 28 d. 35 d, B
KIS R, 5y BRI G, A KRR B RTK
S, R . B T TS I (4 SE G, R AN I 1 B Y
WBiE, sHEEHRNTHMRBK . &AM ZE Lk
RO, A S HR T th 45 AR m B R AL AR, i
T J AT UL B <t i B 5 2030

AQ ‘60’0
B

%§ }‘! !cb 1.5'!!L;

7d 14d 21d 28d 35d

K2 A:(A), 2B)HE R R a2 f
Fig.2 Changes in raw (A) and cooked (B) egg yolks during the
pickling process
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Table 8 Relative content of GC-MS flavor substances in roast chicken egg yolk before and after pickling
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Fig.3 GC-IMS fingerprint of roast chicken egg yolk before and
after pickling
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