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Methods In the study, single factor experiments were used to investigate the effects of 5 kinds of additives (xanthan
gum, mono- and diglycerides of fatty acids, phospholipids, propylene glycol esters of fatty acids, and sucrose esters
of fatty acids) on the hardness, resilience, and moisture content of chiffon cakes. The optimal ratio for the composite
anti-retrogradation agent was obtained through orthogonal experiments. Results Based on the results of single
factor experiments and orthogonal optimization experiments, the optimal ratio for the composite anti-retrogradation
agent was xanthan gum:mono- and diglycerides of fatty acids:phospholipids:propylene glycol esters of fatty
acids=3:32:8:6. With the addition of the composite anti-retrogradation agent, the hardness of the chiffon cake was
510.43 g, and the resilience was 43.67%. Compared to chiffon cakes without the composite anti-retrogradation agent,
the hardness was reduced by 48.77%, and the resilience was increased by 1.75%. After storage at 4 °C for 7 days, the
increase in hardness of chiffon cakes with the addition of the composite anti-retrogradation agent was 73.56% lower than
that of the sample group without the composite retrogradation agent (P<0.05). Conclusion The compound
anti-retrogradation agent obtained from the orthogonal test has an effective anti-retrogradation and quality

improvement on chiffon cake. The findings from the study provide important guidance for anti- retrogradation and

quality improvement of compounded anti-retrogradation agents in starch-based foods.

KEY WORDS: chiffon cake; food additives; anti-retrogradation; formulation optimization
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000230V1 £LAMK 432 AL (FEE Sartorius 2 H]).
1.3 WRIEHE
1.3.1 BRAEEHNELE

EEBSER, EHT 4 °CA M 10 min 5, HITE
TS BT RUUIRA, FEBET SRR R 3 W
ABEFEHHATI5), R RRENEAR. K oKmS
FURAHL), BEHHREA), RIE LA i 0y g A A K
/N Ry TR AL AL IR B, R R PR
HERSIIN, BEEIMAER, D27 RlRaiit 2
¥5), TR . K E AR 3 KINARSIRSY +, A
R AR RN, AEEOFR SRR, 1535
HREM

PR BEIA 6 TR, F MR EAER PRI 250 g
R R BRI B L s BRI, DLBRIR
FEMI AR B KB AR 2= 1Rk 140 °C, T4
10 min J&, WAL R AJEFE T, BEAT 40 min, MERFEERIE,
BB REECL, BN A) 2 =R 5 s,

7B DH 22 56 R IE S IR0 v, £ S o ) e BE A
VR BE AR BE A TN . BB B Al ORI S5 4 R A&
ISR MA B RIS, Fed i ARk S8 iE . Bk
Bk 1,

®1 BRAERRRR
Table 1 Ingredients list of chiffon cake

BIgE| Jish

A HA 6
FoK/g 58.00
/g 70.00
AN Wb /g 93.00
Wiki/g 70.00
FrETt /mL 0.60
TERIEAT R /g 4.60
INZL IR B /g 0.50

132 SUALH £ H ZiXk

2% GB 2760—2014 ( frit e EEbRIE A a s
fFARUE ) FRE M2 FLAT B ORAS I, DAMIRAT /N ik
H BT AR, ARYEER 2 BRI A B K 88 5T .

®2 AUFBEERRERITR@Ke)
Table 2 Table of one-factor experimental design for
emulsifiers (g/kg)

Ak K1 IKFE2 KE3 KFE4 KFES
i 1.00  1.50 2.00 250  3.00
FXCHIMARWIEREE  4.00  8.00  12.00 16.00 20.00
WEfg 1.00  2.00 3.00 400  5.00

N AR i R R 100 150 200 250  3.00
THENE AR U7 B2 R 1.00  2.00 3.00 400  5.00
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FRAE BN 2RI 5 R, T LOBHIES ISR (K 3),
BB LT I ], A5 LSS . 3k
A FLAE R S e LR L B 7R 4R 5), ARAS R HT Ak, [H]
FRAZE A ™ LS03 & Bikk s FLALRIME Il i bl . MR
P 1.3.1 Bl g 20K AR LA 43 S A B O AL

=3 EXRWERITR@ke)
Table 3 Orthogonal experimental design table (g/kg)

L I
e
1 0.75 6.00 1.50 1.25
2 1.00 8.00 2.00 1.50
3 1.25 10.00 2.50 1.75
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W FEREHT B/ NH I, HERFR AL 1.00 g ARG
R I SR R E S 105 °C, #EAT B dhill
BEDK SRR R, B 3 )k, BOPE!,
1.3.5 At

S B R IRy v . BOGERGE, VI EARHN 6 cm
AYBIATEA . SRAIUISL SR P36/R, AR o k43 4 Tl F
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HIE R 2.00 mm/s, WA R 2.00 mm/s, W5 HE
FE 2.00 mm/s, FRATFEEEBEE R 50%, filk 1R 15 g, &
S 15 Wk, DMEEE | BIEMERTEPR . B EAEE T 4 °Cln
WA, FHTE 0, 3, 7 dBTBUGEFESL AT BRI
1.4 HIESH

RIS E R P Y E AR e 22 0 A T R o Bdladk
PR Excel 2019 MEF 4RI E, FIFH SPSS 27 #F1 THRHE
ZVHER AR HT, T Origin 2021 HEFT1ER

2 HER5HH

SRR K 9 2 3 B O LSk R ) BV o ) 7
b, FAARRB N HAE L A3, 18]S PR A AR A SR 23
A, ZET U, ASBIFOR LIBERE | [ PEAUK S5
PR AR AR B (R IF A bR T A (Y B TR 223
JRXEEAERE b S AN TET 1 P

2.1 BEFRAWER
2,11 F R BRI AL 6 R

i 2 R, BN R R ERE R IR R L B
PR ARG v SRR R R, B R A RO TR
EERERT 5T o B JF RS AN IR 7 3.00 g/kg B0 Ui s BE F A1
(603.99 g), WINE A 2.50 g/kg Bf [ MR (51.11%) . B
BFEA RN 1.50 g/kg 4b, HARIRREREMEA 7 d B
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Fig.1

Samples of chiffon cake
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Fig.2 Effects of xanthan gum on hardness (A), recoverability (B) and moisture content (C) of chiffon cakes
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Fig.3 Effects of mono- and diglyceride fatty acid esters on hardness (A), recoverability (B) and moisture content (C) of chiffon cakes
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Fig.6 Effects of fatty acid esters of sucrose on hardness (A), recoverability (B) and moisture content (C) of chiffon cakes
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189.70 g Fl 139.11 g, /NF2SFA£H(237.53 g), (HUBURERERIH)
UARERE K T2 4. 4t 7 d W ein)s, BT asmEh
3.00 g/kg MIMXEEREK N S RTREBONI R, HARMBNE
KK A B AR AR AT, FER V0 T REME AR 7 A TR 14 1L
JREE K P R AR i v e, S I R AR T ROXUERRR A it T, A1t
E S S HPe R AN R AR R IR Ry IEAS I IR 52
22 EXRBER

SRR AR, PR . BN hAR IR
B . BEAR . P AR T BRI ) 45 A BT Ak R, it L9(3Y)
EASRER (5 3), LIBUXEERE 4 °CHigfF 7 d I X e i
T 3 AR A B RPN R bR, DASRAS R AR 52 BE L)

IESIRIGZE RN 4 PR Al 2250 Hr (3R 5) AT A1 4
P LA O RE P B A A AT s, AR kA
Ja IR TSRSl 4,B,C.D,, HJTi L N #E
Ji 8 BELSU T Y B 10 PR il A - P R I PR I =2:16:4:3
ZER BT, WAERGEE 7 d J5 MR ALy
324.64 g, RTFIEIRE T ZHIRB MR, MiEsS K

4 2 WREREAR A A/, BT RUAA RIS 2 B L
GBS, BIIEALE A A1BoCoD,, FLFURE e 38 e A XU H
AR ER R WA 79 BRIV PR R=3:32:8:6.
2.3 AR EATIX X R0

W 7 B o BT PSR 5 5 BUPTE A0
RERERTUARERE 23 50 932.78 g A1 510.43 g, [ L4510
38.98%71 43.67%. TE 4°CHtifF 7 d )5, WINTIEDLEFIM
JRERENEE A 1082.38 g, HEKT 149.60 g, ININKHChiE
AL X B RERE Ry 57322 g, KT 62.79 g, S25A4
WILATEEE(996.28 @), 11431 (42.92%) A S i 2 A8 Ak i (237.53
AL, W InT B HT A5 A X RS B B AN AR (b i
FET 6.37%F1 37.09%, MIGPENEA T I oM Bihieibil
PRI RUEE R B 3 g S A A TR T 48.77% 11 73.56%, 11l
BHRET 1.75%. #REFHE USSR ERL RS
RAFIPTEARCR, SUEBCR I TR Ehie b,

IeAh, B EBCE AR B S U R flbig ik
FIRBXEERE, Ko & kT2 a4,

F4 EXRBER

Table 4 Results of orthogonal experiments

s A: BRI B FAXCH il B i R T C: Wilg D: N B NR i 2 e Wi /g
1 1 1 1 1 456.90
2 1 2 2 2 54.36
3 1 3 3 3 186.78
4 2 1 2 3 70.94
5 2 2 3 1 176.14
6 2 3 1 2 211.20
7 3 1 3 2 190.04
8 3 2 1 3 238.38
9 3 3 2 1 269.68
K1 698.05 717.88 906.48 902.72
K2 458.27 468.88 394.97 455.60
K3 698.10 667.66 552.97 496.10
kl 232.68 239.29 302.16 300.91
K2 152.76 156.29 131.66 151.87
k3 232.70 222.55 184.32 165.37
W2 R 79.94 83.00 170.50 149.04
FE WY C>D>B>A
& A,B,CoD,
=5 EXHERBENH
Table 5 Orthogonal results analysis of variance
=3 2522 J5 A EE ¥io7 F P I E
A: R 38337.04 2 19168.52 210.53 0.000 *
B: XU g Vi BR R 34679.25 2 17339.62 190.45 0.000 *
C: Wihg 137188.58 2 68594.29 753.39 0.000 *
D: 5 ZBEAg R R 122299.63 2 61149.82 671.63 0.000 *
2 1638.86 18 91.05
SR 334143.35 26

e FoR B W0 (P<0.05),
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Fig.7 Effects of 2 kinds of anti-aging agents on hardness (A), resilience (B) and moisture content (C) of chiffon cakes
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ZALW B FEI AR S IR A RO N = AL/,
HEEERIP IR eSS, R A, KSR
45 i I ELRETE A T SCBE T TE RSV e 25 ¥ 5 FET HE57
TR 20 SER AR SRR, eI R
KEE AW 2, ZIR 2 AR AL T 257

TERLIN AR T, SR 1) A PP 25 RS BEA T e AR,
HIE RARBEAS I P BRI A5 A4 (1 SO DAy S K B AL, A
Rk RPN LA 2 1 E R MRE 1 K R A K A A
HAF I RER-FLALR v BE Y, BLRHERE— IR
TS i, DATAT IR BIAESRVE R A H >, BRI R A £
FEREAE R KRR, B JURE F AR R T L5 /N A2 i o
RS R FEAH LA T, BELAS G P SR T JRU R e 45
R 2320 tpAh, BRI AT [ K A F AR, B AK S
TR, WTER EAERECO . oo TR o R 3R I 4
AL, BT SR A RO REAE 220 4 °C 7 d iR
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A H g P22 5, 33X AT RE -5 It )RR X B0 A
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