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Effects of Oat Dietary Fiber on the Quality Characteristics
and Anti-aging Ability of Chiffon Cake

ZHANG Siyi, WANG Hengpeng, WU Peng, XU Zhicheng, GAO Sumin, HUAN Chuanming, XU Anqi,
WANG Jipan, MENG Xiangren"

(School of Tourism and Cuisine, Yangzhou University, Yangzhou 225127, China)

Abstract: This study aimed to explore the appropriate range of oat dietary fiber addition for reducing the degree of starch
aging while ensuring the quality of the cake. This study investigated the effects of oat dietary fiber (0%, 3%, 6%, 9%, 12%,
15%) on the quality and anti-aging properties of fresh chiffon cake during storage. Multiple indicators, including batter
density, specific volume, baking loss rate, moisture content, color, texture, and sensory evaluation, were analyzed.
Advanced techniques such as scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), and X-
ray diffraction (XRD) were employed to characterize the structural and functional changes. Results demonstrated that
3%~9% oat fiber addition effectively mitigated cake staling while preserving its essential quality attributes. After one week
of storage, compared to the sample with no additions, there was a decrease in the core enthalpy value and relative
crystallinity of the cake added with oat fiber, indicating a reduction in the degree of aging in the chiffon cake. When the
addition amount was 9%, the lowest batter density of chiffon cake was 0.69 g/mL, the highest specific volume was
3.56 mL/g, the highest moisture content was 45.84%, and other quality indicators were excellent. According to a
comprehensive comparison, the chiffon cake is of the best quality and shows anti-aging ability when the addition of oat
fiber is 9%, which effectively improves the aging of chiffon cake during storage.

Key words: chiffon cake; oat fiber; quality characteristics; starch retrogradation; anti-aging ability
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FHH, e B HHIBE PRI . JE AR B THE . [
Rz AR R sl A AAHRPT I TIRERY . IeAh, X
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R RbTE R 1 HAA WEAE

BTG 0% 3%. 6%. 9%. 12%. 15% 7<ZH
IS R AT R A e I B X EERE P, FRIEAS
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98% MEENEELTYE  BePUEm A YRR R TT
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W IR =R KB A RS |5 E AL AR FIvE

LEEPER B A BR AN Fl5 60 FARE VTP 5
A RRAAF]

Royalstar EGK100D FT8E#y A ARSI IA/NK
A FRN T 1 TR D 1566 2545 bRt 40 2800 FE BrRs
HAALE A R 2 7] 5 Four MODULABLE M4
SOLEO ##f :EI{E(BONGARD); 6 -} HIEE
REAREL 10 ~F4UR G T BHYT T 6 T 82 A RS
3 FA2004 LR _RiSETFIE T REA SR A R
25 Tl; CR-400/410 g 2sit  #l)e-REREIA A F];
TA.XTPLUSC #PE53-#71¢  Stable Micro Systems;
GeminiSEM300 7 & G4 4% 7EE Carl Zeiss;
Cary 610/670 i i £T #h %1 IR € [E Varian;
DSC 8500 22/~ &= #Y & [E Perkin Elme; D8

Advance £k X HFTAATHMY  f5E Bruker AXS.
1.2 EWHE

1.2.1 FEATE Iy BeAt sl 4%

1.2.1.1 JFEARRBLTr SR M LF 4 A CER AR5 /)
A2 R s I B U RS b, e LR 4RSI AL Sl 0%
3.0%. 6.0%. 9.0%. 12.0%. 15.0%(LL/NZZ M} A 5T K
EE R o X EERER LRIy WA 1,

R ORAERERYEEAT,

Table 1 Basic recipe of chinffon cake
JEEL i(g)
iselsi 80
i 45
ANy 55/53.35/51.7/50.05/48.4/46.75
M LYk 0/1.65/3.3/4.95/6.6/8.25

4145 35

5 S 30

b 40
Sfi 4.5

1.2.1.2 HEfl & T 2R Bk & E %
W—FT R B ARG HUE R HIS

BREZLS:

R BRI Ry | HEAZ 27 4 L bH | ISR
Wik FE Bl TRR L . F B ILRRNE TR aHe 22 47 4k LIS
[F 04 Le o) S AT R A TR &, S 0RiRR i .

il & EE T FEVR ) S I TR FNHE 2 2 4 v AR
UM BRI . A W5 AR 8, il 5) 25 S B an )ik
TCRURIRZS

RS M el SERS), e s dids
T8 20 s 247 B ALK, FF— RPN FIBE,
T4 1 min ZE47 28 TS F RS R

TR BT R A0 B UM 50 P B — N A SR 3
Wi, SRS, & ] R 51, DAY 51k
R

WEHE: TR G5 e AL, 2R Sl D 2
T DA 2535 KA, 5 45 1 20 em &b 5% 7R (A M HE
o TRAERE, Rk 190 °C #E¥% 10 min, B L
FHR

AR, AL )5, IS &1 20 cm AbFRRE
DAHEH FAS, AR08 50 255 1, IRASE .

A5 s AL 55 0 O A S8 B R R R e
3 h IFgR"T, LAARIOTAS Sh TTREE AR AR i s KRR 2
Ja WEERESE I I RS-, 7E00T 4 °C VKFE R — ],
JAVENNR R T L P RE A A EIRR i .

1.2.2  FREAZ LY URERE S TR 10 2

1.2.2.1 [EPHISEEERIE S BEXISRASES 19Tk,
B 50 mL FIBER, BaphigrEmic A my; PRIk
FEUHEC S mys B R RS TR IR R 5 TR R
i myo pych 1 g/mL, $BE (1) T w5 )%
(p, g/mL), B FESAPATINE 3 UK.
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m, —m,

Xpm :—Et (1)

Puw(g/mL) =

U g BOXEEAE TIOR8 B2, g/mL; my
AR B, g5 my AAAR S/K I i, g5 m, SAAERR
SHEI BT, g0
1.2.2.2 FRAEMIGE SSRGS (05, SRH/INK
Bk, FEREEC () TR ERRE EE 2, B AR T
ME 3 ¥R,

CamLjg)= £ ()

. C WL, mL/g; V N EEREIRTH, mL;
m HERETEL, g.
1.2.2.3 PUEHURRMME SETEHEY Bk
BEATIE, ARPE GRS R . BT
FTIRE 3 Ko

A%y =27 100 #® 3

m,
Horpr: A e HREHLRE 3, %; m, e
BEREHL IS B THD 9 BT, g5 my, A TRESE BEREMLES S5 1Y
i, go
1.2.2.4 EOKEMFME R GB 5009.3-2016 &5
L4 FE SR UE B TR GBI YN AR Y B
TR R, I 4 R () THEARE T B oK
TAFERTATINRE 3 IR,

X(%) = 27 100

m; —1m;

o X EES RIS K, %; m, SRR AL
FESH TR, g5 my, SRR AR SRS 10 T, g;
m, AFREIRAYE A, g0
1.2.2.5 @REEMIMIE  XHERXEREIT T R b3,
AR EE H L2, RIS SRR e R,
RECY L, & bME, MRS 3 IR,
1.2.2.6 FitgFeEMNE  FEREHEIRE 3 h ),
F)H B v 1 U1 F) H AL T B ORE T # 43 2.0 emx
2.0 cm*2.0 cm MSE T IREEA . SR AT, I
BAS P/36R IR, XPAEAS AT BT 2 o AR S

& D

Mk [12] B2 M ATEEEE N 1 em/s, M EEEEA 2 cm/s .,

MJE BN 1 emv/s, FE4E LR 40%, PREFETTE] 3 s.
PRASTHEZ FERE LN AYRT BT | oo . nHMEAE | [ PEAYFE
PREEHR . BRI PATINGE 3 K

1.2.2.7 BEEIHMY 401, X T RRGEREECE T
FRVEAE BRI B P 1 AR AR — T . STk, ZARF
FETEIEAE GB/T 24303-2009 LUK U6 /N 22 85 T8 KL
S TS, VAR ARG s b, R T T A
M S eE . DAZRTRIRIG . PNERES A L B
R DA BT #8 38322 57 FE R SR bR, VE S AT A
FHEAZ 2T Al XU RE il 5 ) B AR . B ERRE DI
P42 2.0 em BYSEITAR, #0010 ALAGFEREEA T
B SO ST G R TRV PR, O
SVEREETS . PETARENLEE 2,

2 RAERE S B E AR

Table 2  Chiffon cake quality assessment standards

i Wbt
g S0 REDEHERLA AL, LI BRI
W 5e7 AT RO RS, 1A
(OI) 4 RATTRESRE W FLIG . AR AR
8-10 FEHE WREATITE . AR5 AR
o B e (T AL AR
giply 7 ARHB], TS5
am- W ST FLBLER L
- D RIS
‘ 8-10 TARATHIE, HEF 205 SRR
el s FABATIIE, T 205 S
0-4 FARPE . 2%, e 2R
8~10 MRAEIE | 45K, 4 RS A ek
Go% s A AT IR T
0-4 AR T e RRE S T

oo VUEEIR AR HERSR A
o A 2P AL HIC Iy A LT — 31, S 2
i HEE, €%, Ak, SRR S AR
ST HEN Ry SR, LA
o PUEL IR SIS
- A2 AR 2 s, A L

1.2.2.8 OWGSH MR K= iR HE R
BEDT IV R T8 = 4359128 4.0 mm>4.0 mm>4.0 mm
PIE R, AREAS B T80 4% 2R P EIHS EE
W, FETEER 4 C 54 T 12 he ZJEXTF
HUEAT 2B K AL B, 78 CO, I A 5 T I mt
SAEPRE, AT SR R AR AR AE 50> 300K
RATELSAF TSP FEREE A o

1.2.3 LT AU ERED T LRE 100 a2

1.2.3.1 FRGHES AR ARSI I BERE SO R 3y
SRR AT YR B B A b, A XS ERATT S
AT E o X S ERAT ST SO e S R
40 mA, & JE 40 kV, H#E X 8] 4°~50°, 3@ FK
2°/min, 21K 0.1°(0.02) o ARHE(S) THHEAFES IAEXT

+ El
4hE.

x 100

o/ gh i X THTAR
RSO0 = o S+ P2 B TR
D)

1.2.3.2 FTIR WxZ X RER (L AR e 2T 4101
WS HTR A KBr JE R ¥R T . ROXEERERE S (fiff i
—JED) G AR TS RS AT I i (100 HD,
HNAEE R AR . 5 KBr BioRk$% 1:100 LLBRE A, £1
SRS N S), IR BGEAE A . Kt A ST
LIAMEHEAY I, IS SO S 70T, e Il o%
4 FAFEIEIE ] 400~4000 cm ™!, 43#E% 32 cm ™!,
PETEISARYREL 100 IR .

1.2.3.3  FRETRIA T A Re R e X SR R
SRAZE R PG TR REIN S . DAZS ER TR
ZLh, PIAARCHEA, HsE 2 S 20 mL/min,
F R P52 S 30~200 °C, FHE G JE B E R 10 °C/
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min, ICSRALLEIEEE (To) . WE(EIRE (Tp) . &Kk
(Tc) LA R FEAE (AH) 5 58280 . A rE S EE
R 3 IRFBOPIENE I LS R
1.3 HIELIE
SEYEE =/ E A IE 3 IR EME, SR

DISEIEEpRiEZE RS . FH Origin 2022 4551, SPSS
24.0 AT EHSTHT(P<0.05) o
2 BERS5H5H
2.1 FREAEIEXERER AR
2.1.1  FHESZ LT YEXT RUEERG TR 28 B K LU A 10 5 1)

TEDRS 28 2 M) AR R 3 22—, TR 2 Rk
IS, RGBS, ST, — RO UL, BRI
B sy, 23S AR B, PR BT M AR 1S B iR S,
DT P A AT, 0 R N R ZRAR e Al )
FH Bl 1 Al 5, R SR LR LuAI R 3%~9% Bf, TR
R A e LT AR U I (B I B3, LR SRR
JiRTF. X AT RESE TR A4 P R A S R,
AT R R R A2 P A A A R AR R
UESHER 9% B, TEDRHSE FERE 22 51X, 2 0.69 g/mL,
AEHEE T ARG NS 8 B, FRAR T 10.39%. HFHEAZ 2T
HETINER 12%. 15% B, [P BE Bl HEZE ST 4E s
JInEL R REINEEAT E I, v R B AR e LT YAl
TR ZE RS e A o AR A o TRDRS 23 B X TR R Ao iy
TS, G2l B — B B M 52, DI R, 2]
FH R AR A B TR, 5 S0 o 1T 4 B 4
It AR I RS R AR, S sE R RS
SRUL . PR AN LUIRASTS), b 280 iy, FRRE & JoT B
Ufo —IEOLT, RGO THDA S BE 5 alih LA S S L
KFR. HE 1 AT, BEE A LR 4R I i s 1y, L
LA R BB S5 U AR AL AA T, 2556 I i TR B S
W )E Thakads, N A LT 4E)S, FES Y LS I B4R
Fb, TSI 9% B L2828 T AHXTUE(E, 48 0%
ZH M 2.44 mL/g E T} = 3.56 mL/g, W@ MmN
12% 5 15% B, FLAS A FTRAK . 3X 7] B2 PR ok 4

0.9 - —v— THH 25 B
—— [
L4

:?(lg
£ &
2 L3 2
0.7 )
Bl K
= eY
E 0.6 M2

0.5 1

é é é lé {5
M LTI (%)

B 1 ASIRIFHERE 21 2 0 T ok T A0 30 B ol
LA 52 I

Fig.1 Effects of different oat fiber addition amounts on batter

0

density and finished product specific volume
T ANFVNE FRARRMEE LT AE 7 I AN TR], HAE 22 57 3
(P<0.05), [&] 2~I&] 3 [f]..

NG LTAE BAA AR IR, a5l @i,
AL LT AR Wt Z2 oK Sy, S SR 3, 2t
[10p: 2L G ke ex RN 7 /N B = 91 = e 2t 5 A N

2.1.2 FEERLFHEXT BRSSO 8
RV, MU I A, AR IFERORC .
Pl 2 AT, SN EREE LT YRR SRR L, B nTiEE £
A 1 SRR R I S R 2 R (P<0.05) o 7E 3%~
12% BOUSHIEE L P, HEb I 30z 2 T I (H Y
BINEEIRE] 15% B, BORA Pl T X nl GER A
it Z gL dE o TPCRIIKR S o3 AT, SO
e e B N WP AR R Sl ¢ n S P VS S S PNV
SREEYIASE, MK PR SZRKBE I . SEREAYTE
KA AT BE 2332 BN EAE N TR FEE A BT Sk 145
IRZSAIFRZNE, T2 SR AR R . AR R
T KA SR I e 2T A AT Bl T edes SRR A9k,
AP e 4

24
22
20 A
18 1

be be cd lf)
16 - {\}\g/

14

HEFHUR A (%)

6 3 6 9 £2 fS
ML LTRSS N 1 (%)
P2 R [RIHE 21 AR I ol UK RS LR 2 8 5 )
Fig.2 Effects of different oat fiber addition amounts on baking
loss rate of chiffon cake

2.1.3 FHEEZ A YEXS AR S /K R I5E ) AR,
REE KB FE T, DGR, & Rdr.
Pl 3 AT, e LRSIl 3%~9% B, S /K Bl
A5 HEAZ LT ARG N B I S, WnE R 9% Bt
TR B IR B (E 45.84%, BWEHI = 0% HIETH T
7.80%. X A]REEH TIReEEE BLAT BRI /K BE 1 il
R R AR, XTI R 87K S3-das g DT 5, 287K
REREAT, (15 A H/AKAE G PR P, 2YaHesZ 47 4k

50 1
b a
45 al ab
_ b
S
I8 40
Z,\' C
&
35 A
30 A
0O 3 6 9 12 15
WEF LT HEIN N (%)

[l 3 AN[FIFHERE 21 RS im0t X B A B 7K B SR
Fig.3 Effect of different oat fiber addition amounts
on the moisture content of chiffon cake
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BN 12%. 15% B, 7K S fEE B g g hmmg
FEAI, X S g it Z iR 4 4oy SR L f
K G3E Zy i A 3X —HEMARST o MR IHeSZ 2F 4 g e
KRBT %, 456 /KT, KBTI RP . 15%
AEHIEE R ARR S KA T H A 4 53] (P<0.05),
HAZ KR T 0% 2H, HERG e ZR A L 0% ZHAIK, /2
A e Az 2T AE A X RE IV R R b R 45808 Z R E
JH, EFE BRI S5 | 527K 5353 A AR B | Uis%
KRGS . XS ZR iV E FHIAILH n] e S BOUK /5
HEFIRLAE A0 P e ] AN — 35

2.1.4 FHAZLFAEXS NS REOERI M 3k 3 7]
N, HERENY LA BEIREZ LT HEGS N Le ) B i i REAER,
FAPC I S5 S PT B S aHE 2 2T 24 1) [ o LU /N2 W 11 3£
G, SN R AR S B IR . e BN Sy
0%~9% I}, a {EAT b {EFEA &L A3 s, i
IRLLPERN IR B PR . ISR T e 4T 4E 3 &
OFIR B H e LR T R h R A R b I N . B
M L AEYSIn RGN, SERE P8R 50 R UL T
BN, AR HE T SERIAE N, AT AE T AR LA
Sy, MR TN 12% A 15% B, L(EAF R
R, a HFSE B, 0 b ME R E S a3
AN RRE. bME T RERIIEREE (B (A D | )
{0, X S LA SRR L WA K, T2 214k
BRI T 0 i, I 228 SO0 Y3 RE A5
FERA, IR AT e T BME, HaT RSN §B 53K
S BT HA 83 AR EAE T s i (8], S
RV

F 3 ON[FIFEEE L RGN N s X O R BB A 5
Table 3  Effect of different oat fiber addition amounts
on color of chiffon cake

FEA LT HEUSINEE (%) L a b’
0 91.76£0.40"  —4.98+0.18°  34.59+0.17°
3 90.54+0.30™  —4.59+0.06°  35.64+0.95°
6 88.93£0.41™  —439+027%  37.58+0.47°
9 88.64+0.36°  —3.91+0.08"  38.90+0.39°
12 86.45+0.75'  —3.58+£0.36"  30.78+1.85°
15 85.73+1.74°  —3.44+0.41"  28.38+0.30°

Y« [ 9 R [ /N R AR e A A A Vi e R T, OB 2 R
(P<0.05), F4~E7M,

2.1.5 FHEAZLF AR AR ARL A R RS2 I e
SO R EEAEA AT FR R U sl 3 LR A, 3o
FLAR R ARSI . MR A 088 B A D, H:
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2% 4 T, B IREAE LT ARSI G K, BEORE Y A
FNNE NGRS B KA . AE AL RN 2 i T3 i Bl A=
DAL GERS AR I R O EE S, s Y, R AR
JESZPERY Sy T AR B R P S NS £F
LERE S ARE BERRAIR, FH I — 2 e £ 4T
ALY SRR . YMER LR INE N 12% 5
15% B, FEBpA A 0] 52 4 4 2 B AT (P<<0.05 ), FHEI J5L
IR Ry e AP AR I B 12% I, et T-4ndx, Bk

Z AT B A BE AN S, S IR B IR A HL 1S 2,
M HAHOCHE b o

F 4 AR LGSR RS FA R 1 52 )
Table 4 Effects of different oat fiber addition amounts
on the texture characteristics of chiffon cake

MR LTYE

FIE(%) T (gf) itk (mm)  IHAEE(gf) [l 5 4
0 258.59+23.81°  0.86£0.04™ 277.71£36.56" 0.34+0.02"
3 254.58+41.10"  0.96+0.01°  168.57£9.37°  0.37+0.02°
6 253.74£35.70" 0.86£0.03" 148.17+21.80° 0.38+0.01°
9 244.25+28.37"  0.93£0.04° 151.53£16.91°  0.37+0.00°
12 161.23£40.49°  0.77+0.15° 139.87+37.54™  0.33+0.00°
15 163.56+8.38"  0.64+0.08° 93.88+7.61°  0.29+0.03°
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[ E o S ) Y AL S G RSN EA R R iy e WP e o4 (N
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Fig.4 Effects of different oat fiber addition amounts on sensory
differences of chiffon cake
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Fig.5 Scanning electron microscopy image of cake core
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Fig.6 X-ray diffraction patterns of chiffon cake with different
amounts of oat fiber added
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Table 5 Effects of different oat fiber addition amounts
on relative crystallinity of chiffon cake during storage

e L AETINE (%) ARG (%)
0 20.66+0.49°
3 19.30+0.58"
6 18.68+0.37°
9 18.44+0.71°
12 20.68+0.51°
15 20.28+0.36™
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Fig.7 Effect of different oat fiber addition amounts
on hydroxyl groups in chiffon cake
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W PR H B, AT BERE LR H R HES A4S T, 75—
AEFRBE TR AE 3 vE R ALY, U AL ik F)
15% B, WLELHE] 1047 cm /1022 ecm™' 1Y FLRBg ik
Ft, 1% & BT IR Y 1978 45 o DX A BT ; (6]
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L5 IS, RIS N R Ve ok AR R T
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Table 6 Peak intensity ratio of starch granules in cake core
with different oat fiber addition amounts

S LT U VR (%)

1047 cm™'/1022 cm™ 995 cm /1022 cm’™!

0 0.92+0.01° 0.98+0.02"
3 0.89+0.01° 0.97+0.00°
6 0.91+0.01° 0.99+0.00°
9 0.89+0.01° 0.99+0.01°
12 0.87+0.00° 1.01+0.00°
15 0.88+0.00" 1.00+0.01°
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FE 80~90 °C 0], ¥ 12% HAHZEE K., Xl HESEH
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Table 7 Effects of different oat fiber addition amounts on
thermodynamic characteristics of chiffon cake
during storage

YN
ﬁ;;ﬁﬁﬁf) To(C)  Tp(C) Te(C)  AH(Jg)
0 46.64+£0.45°  82.65£0.43% 112.04+0.45" 110.85+0.66"
3 49.74+0.78"  81.94+1.00° 118.98+0.27° 108.31+0.39"
6 43.84+0.30  80.21+£0.68° 124.80£0.26° 101.46+0.54°
9 42.47+0.74°  85.21+0.51° 121.50£0.47° 92.86+0.41°
12 4531+0.53°  101.03£0.63" 120.41+0.73*  92.23+0.44¢
15 42.75+0.37%  89.20+0.58"  128.13+0.46"  90.17+0.34°
! !
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Fig.8 Endothermic peak spectra of chiffon cake with different
amounts of oat fiber added
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