Hans Journal of Food and Nutrition Science & 55 75R}2, 2026, 15(6), 679-688 Hans X
Published Online November 2026 in Hans. https://www.hanspub.org/journal/hjfns
https://doi.org/10.12677/hjfns.2026.156070

R4, RMER, MR
e Fi T 2 B B b Bk 5 TAREEBE, [ T

Weks H . 20264F10H1H; FHER: 20264F10H29H; & T HM: 20264F11 4 11H

HE

BT BT EREAHELE, B RRRRAREATREME. SR, frgitHE.
FORM A EX BREGR W, HFRAERBRRHERETZSH. 5R7RY, BETIFMN: K
508, FMBMEL2g. APFEAR45g. IFBRITHR7g. KRMAR35g, 7EIFKMH FHIMER
I ERERTERSG, AAARSS. MEE#RE. ADERK. BFHMRES, BRAARR
FIPLEAIE . ABF TR R AR & B4 T ER RN KBRS % .

XK ia
T3, =R, BERR, EXRK, SEnEE

Optimization of Processing Technology
and Antioxidant Activity Evaluation

of Acanthopanax trifoliatus

Powder Cake

Shixuan Huang, Qiaoling Li*, Peiyu Lai

School of Food Science and Engineering, Lingnan Normal University, Zhanjiang Guangdong

Received: October 1, 2026; accepted: October 29, 2026; published: November 11, 2026

Abstract

This study aimed to optimize the processing technology of Acanthopanax trifoliatus powder cake.
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Single-factor experiments were conducted to investigate the effects of A. trifoliatus powder, sugar,
lemon juice, and corn oil on cake quality, followed by orthogonal array design to determine the op-
timal parameters. The results showed that the optimal formulation was: 50 g of low-gluten flour,
1.2 g of A. trifoliatus powder, 45 g of fine sugar, 7 g of lemon juice, and 35 g of corn oil. Under these
conditions, the cake exhibited a dark green surface, fine and uniform texture, softness and springi-
ness, a slight bitter taste, and a unique A. trifoliatus aroma, along with high antioxidant activity. This
research provides a theoretical basis and practical reference for the development of novel healthy
baked foods.
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#1>%(Acanthopanax trifoliatus (L.) Merr), XF A . #EHE, BT IOMBHEY) . §i8EE0m TR,
EAER . O R EHX, SR, Frind. HARGHMWAZE ], RETRENEZESMH T,
BRiE. BHYL. WIMAETT(2]. #is2 — M e FUEREY, BAMERRAR, # CRREHNE) 108, #i
HA “fE#s" 2, AiEAE. HE . M, B “ARESINE” MR isk(3]. Eix
hEESHEER, MERR. SR, DRRERD(4], BRGNS S ME6]. STREURIUR S
[7]+ BEIUBE[8][9]. P21 DI, FeT B ix sett, HARZ ., &, b LN EA HEZMIT
KAME. HET, LSy ERDT R B 6, A8 AR[10]. FsECE 1], BB REAToR12]. #i5¢
PRAERURL[13]. B ORIERERE[14]. B REEDET[15]55

R —RUMCA R . XS FRPHE . oK K AT N R R B EE . TR RS T R A
O, VRSZTH B WG o T I SRR A DR —, AT 2 Homrh i TS ol 5 SRR A,
A RER AR TH LR E TR, ICREDVIE T PR it — Ao Y O fE BR e 40, LA “25 i REYR” o
LA B v 24 D RE I SRR 2 2 T Y ERE AR FE R [ 16]-[ 18] AR MR 2 iR THI T R T, #i3¢
Fy ERERI T8 JJECR . BB B e B AT ML B FH 2 RERIZR TR, % T 85 BT RGP E R E A R
ThA, AHEFT AR Sk = B EORMEE §i S B0k, R0 90880 B APyt ot SRS S S se e, s
BRI ERE N T T2, DA #SE SR IT R A St — e 2% .

2. R BT
2.1. LM RI SR

k. TARE BT RN AR RBHER  SE. A7 O, TR AT .
IR TR 1 1- 3 2- 35 5 K AI(DPPH): 0 #r4li, L ek 22l IR 2
Al TOKCEE: SHTal, JTARAREAL S AR AR S K.

FA3204C BT 43 M RFs FW-100 B4 S feal; V-5000 Y AT Lo 66 it

ik

DOI: 10.12677/hjfns.2026.156070 680 T 5 E IR


https://doi.org/10.12677/hjfns.2026.156070
http://creativecommons.org/licenses/by/4.0/

EILET 5%

22. ERFHELZ
22.1. ERFHETIZREB@E D

il BT

v

Tk, K P AL P EFEH Pl AR e R e ME ] A

1 v

RSPTAD = Jis it

b

Figure 1. Process flow diagram of making Acanthopanax trifoliatus powder cake
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Wk SRR LR U7 . ARAR TR 50 g B3k 1.0 g XK 180 g, K¥ 40 g. KW 30 g, ¥V 7 g0
/K 40 g.
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PSR . 2 AN IR &35 .
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(4) THURIE 1

K FRMFLAL, RHR AR I 05 5 I LRI A, NS Z B 5), 53]
IS (R THDRY o

(5) BUH

W13 FERE AR, HER Z YD, BiomEARRMED R, M5 GE, BINERE
PR, e DVERER AL 2/3 NH . ERE R EEY, EBRAIE6].

(6) Btk

T2 VR I AR B N THT K 150, JERK 140, FHFA 10 min, 2 J5 K BRER RS 30 min, J35IR 1 K 160,
JEEAK 150 4kt 3 min J5 B AT AP 7]-[9].

2.2.3. BREARRE T

Wit 4 AN FLREORE SO 85k SRR i s m, DU RVE IR BCh : B iming 1.0 g 1.2 g,
l4g. 1.6g. 1.8g; HAMKEIHE 35.0g. 37.5g. 40.0g. 42.5g. 45.0g; FrigitHE6g. 7g. 8g. 9g.
10g; MAHE20g. 25g. 30g. 35g. 40 g,
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Table 1. Level table of orthogonal factors of Acanthopanax trifoliatus powder cake

= 1. GEMERERZZRERKFER

S
K e N S
A BRI E/g B 4b b H = /g C I A&/ D KA R/
1 1.2 40.0 6 25
2 1.4 42.5 7 30
3 1.6 45.0 8 35

2.2.5. GRMERBEITNSGE

S CREAENY (GB/T 20977-2007) [ 12]1F1AH S SCHR I E #1240 BRERE B VPR At . H 10 442200 5%
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Table 2. Sensory evaluation criteria of Acanthopanax trifoliatus powder cake

2. FEHERBREITORE

iH SYE) bz 93(91)
SMEERE, TR, R, RIS H 11~15
S 15 SN TERE, RIE TR, i, SRR 6~10
SMEATERE, TR, IR B & 1~5
BAHEINL], TGRS, WEEREE, TEY 11~15
JERES 15 SREEEIS), BARIREEE, NETTIRA S 6~10
B E), ORI 1~5
AWM T MR Am R, HEROREE F5R, Mk EF 16~20
US 20 BSERBOR, FRBREE 10~15
ARG, BRI IE 5~9
RS, HEHMG, FIK, ikl 16~20
LA 20 R ZE, HERE, MrERE 10~15
AR, HEEMY, T 5~9
AR, SO, TR 21~30
P 30 B, BB ET, 85 HE 11~20
R T REERAR T, A 5 g 0~10
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2.2.6. DPPH BHREBRZENEME L EM

SRR 19 7B, ISR ERE S g, TN 50 mL Jo/K 48, /KA $2E 30 min, 4000
t/min 2.0 10 min, B3 LiEEAFEMAEE S . FREL DPPH #) K 0.0039 g, F /K ABEIEAEIFEZE 100
mL, FCEM 0.1 mmol/L () DPPH LBV, A TAREURH, M. M I 2 mLDPPH ZEEIE W 2
mL FEfTRE T, B, GRS, B TRAERZM TR 30 min &5, HHEEALEIE, DL
TR CEEAE 2 ER R, I AR 517 nm ARG RS, ~PATIRERM E =k, BCPME: Lh2mL G
K 2B DPPH H BB 0 IR 4L, DL 2 mL Jo/K ZBE R AU S M2 A 4L, LAt s s R4z,
TEF K 517 nm ARG 18],

B (D15 DPPH A HiFEiE R %K.

A4
Y =[1-5"2 1x100% (1)
Y

i

Y——FE % DPPH H H3ETE R R

Ao——2 mLDPPH ZFEEIFAM 2 mL LBEHRR
Ar——2 mLDPPH L&AV 2 mL # 5 V3 s
Ay——2 mL SN 2 mL A SR

2.2.7. BURALEB S 5
KH FR R R S5, {#H SPSS Statistics 26 AR AT 50 s Ab 3 Je B E V2= o b, HiP P < 0.05 FBon
ZRRE, P<0.0l nEFWEE; H Origin 2022 FHIAEE.
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Figure 2. Effect of Acanthopanax trifoliatus powder addition
level on cake quality
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Figure 3. Effect of granulated sugar content on cake quality
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BERRTEFAEY, ESRARE ARARENE, VR, IR U, ERER AR, JERT LA
Wk, RIREOTEE, mATETHEL 2N, SRR, SBUREERALEARN, ERENET
B, Bt iReG, HEUHKE, HiEd ERERRE A, JFTREIE B b AR P, SRR . A
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3.1.4. FEMAENERRRIFIE

HIP 5 mT1, B ARG OK, SRR E PR STt e R . IR DI i a9
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Figure 4. Effect of lemon juice addition Level on cake quality
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Figure 5. Effect of corn oil content on cake quality

Bl 5. XK MAENERRRENE

3.2. EXREMUER

TEAZ SRR A5 3 3 fis o JBIE X2 3 1 IEAS IEAC IR 45 4T, 4 AR 20 8 508 BORE (1 R M Ak Ik
e EKHD) > Tk (A) > FrEH(C) > dIRPHE(B). FisEk Bk T2 7 A1B3C2D3, B ffl
BCT709: Bk isine 1.2 g P& 45 g ArBTHE 7. FoKIMAHE 35 g. Ak ie R385 45
MRIERE, i IEASRER A BT SRR S, i T = A PATINR, SRR 4.
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Table 3. Analysis table of orthogonal experiment
3. EXLWAHR

FES
G R
A B C D

@® 1 1 1 1 84.1
©) 1 2 2 2 90.1
® 1 3 3 3 89.8
@ 2 1 2 3 87.2
® 2 2 3 1 83.1
® 2 3 1 2 85.8
@ 3 1 3 2 83.3
® 3 2 1 3 86.2
©) 3 3 2 1 83.9
K1 264.00 254.60 256.10 251.10
K2 256.10 259.40 261.20 259.20
K3 253.40 259.50 256.20 263.20
k1 88.00 84.87 85.37 83.70
K2 85.37 86.47 87.07 86.40
K3 84.47 86.50 85.40 87.73
R 3.53 1.63 1.70 4.03

SR/ D (FKi) > A (#i5k) > C (FrigiT) > B (4D HE)

KT A1B3C2D3

Table 4. Verification results of orthogonal test

4. EAEIEER

ohRe RE VS
1 89.0
2 90.0
3 88.0

FEIME 89.0

3.3. DPPH JUELR

DPPH /32 B H T & & AR AT S AR VAN, HOR R STE IR R v v, it A, B HEERR
7K DPPH H HFEd 5 i Fa 2 i) DPPH-H 431, HaEBRae DBk TN ERE /1[19] [20]. W0 5

DOI: 10.12677/hjfns.2026.156070 686 5 E R


https://doi.org/10.12677/hjfns.2026.156070

EILET 5%

TN, BISEKEEREN DPPH H HEERRE EIL 75.5%, 5 VC [ DPPH H MG R . TR AR B
[21], #RERE I RE R0, X PR O IESE AR A B S AEYiS R [22].  EARAHT
FUAR BN 8 BRE R 1 S 7 5, (R 45 & SRR VE S HUAL SR IR 25 51, D B RE A I s I P A AL e

X5 85 5 A B 2 S AN R4 S BT 4y, 85300 NI T BRI T EORE BT AL RE ) I B BRI

Table 5. DPPH free radical scavenging capacity of cake
3= 5. ZHER) DPPH BEHEER RS

FE i DPPH [ 355 5 % (%)
Bk Bk 75.56 + 1.67
#AEZE C 76.26 +3.28

4. &g

AL LUK E PP E N TE bR, 16 5L R 250 i S Atk 1385 1E A8 B0 45t 8 S0 B R A B A T2
RTINS0 g BTk 1.2 g 40R0HE A& 45.0 g« PVt H®E 7 v KA R 35 ¢v /K& 40
g, HEETEEMN: WAk 150°C, KK 140°C, Ht#% 30 min, [HK 160°C, KK 150°C, Ht#% 3 min.
TERAEZAE T 0 BRI B VPP IME N 89.0 4, HAMESERE, TITH, BAREIEINE], THEH%
B, WEEIRGE, BAERMMEEEER, WA F8, Ak, S, RiE. bk,
DPPH H HAEE R I A LI FIR M, ¥k Sk RA RiF oy eteae, Wy H “ThRetaam” 1
FEVAE, AR R A 2 EISE R AL, WG B TRp g tEsom, Bl 2 N#EF K. AKkn]
T I I PRI ANV 2 PR A — P IR R L S PR AR A T 452 B, AR 98 0 24 B IR SR ) 1 s A0 )
LA SR A TR R .

ELmEB
U T Ui 91 27 B A% 20 R 2 AR BT Bk 1 iRl 300 H (X202510579085)

3k
FRIG. B BN PRI B S TR AR R AL D] (LA SC]. M TR Dk K, 2015.
R, BAOH RFHY, & BSRE R 2 BEE A A TR RE[T]. A H 2557, 2024, 34(8): 619-629.

MR, 2T, HALAE, S5 56T = RORAE k- DU AR AT/ B 3% S0 0E B i 20 PR 0 RS 4 B 8 SR 2 s A 0.
PRI R, 2023, 52(4): 301-309.

1 BREIE, ETEE, BN, . SRR BRI [T]. BRIIAR R, 2023(8): 88-90.

1 B, WFESE, SKREREADN, 5. BEAARSEERE SR BRI T [T]. &R, 2025, 50(1): 163-171.
6] [FREE AT, M, S MRS SO ERE AT RI[T]. AREIN L, 2023, 48(6): 45-50.

]

]

W

— —
W N =
—_— —

—
W

—
-3

FEOTAL, MR AR PO R ERRE ISR T A [T]. A T, 2024(26): 133-135+142.
Lee, D.J., Kim, G.M., Park, S.I., Jeong, J.H., Kim, D.H., Kim, Y.S., ef al. (2024) Numerical Model of Cake Baking

Based on Enthalpy-Porosity Method. Journal of Mechanical Science and Technology, 38, 2081-20809.
https://doi.org/10.1007/s12206-024-0338-z

[9] Nakilcioglu, E. and Otles, S. (2022) Multiresponse Optimization of Physical, Chemical, and Sensory Properties of the
Gluten-Free Cake Made with Whole White Quinoa Flour. Journal of Food Science and Technology, 59, 3836-3847.
https://doi.org/10.1007/s13197-022-05406-3

[10] #EASVE, IR —, b, IESSEAU R EARE R SRR L2 T7 (7], VLDUR 2R (A SR FBHARR), 2025, 53(2):
43-50.

DOI: 10.12677/hjfns.2026.156070 687 5 E R


https://doi.org/10.12677/hjfns.2026.156070
https://doi.org/10.1007/s12206-024-0338-z
https://doi.org/10.1007/s13197-022-05406-3

EILET 5%

(1]

[12]
[13]
[14]
[15]
[16]
[17]

[18]

[19]
[20]

[21]

[22]

Liu, H. and Li, L. (2019) Study on Optimizing the Production Conditions of Potato Granules Cake by Orthogonal Method.
Aussie-Sino Studies, 5.

BIRE, pelE, FEIE F. BRI AR ERE BT[], & e T, 2023(24): 151-155.

GB 7099-2015 £ 204 E S ARERE i . TA[S]. dbat: v EARHE HHiRAE, 2015.

BERATN, MRIEEE, 2B, 5. FFSRAREMHI[I]. 2Bk i, 2020, 26(18): 138-141.

BUNIN, T4, IMOE, & SR BUSRERESIE L2 P ] MRS K, 2018, 39(6): 81-87.
T4, XK, I, S ERRFFR R AR T AL S ot R P AR s i [T RR 5 E, 2024, 37(8): 24-28+55.

Nhung, T.T.N., Chau, N.T.B., Hien, L.T.M., Linh, V.T.H., Ha, N.L. and Dong, D.T.A. (2022) Characteristics of Sponge
Cake Preserved by Green Tea Extract Powder. Journal of Food Processing and Preservation, 46, ¢16939.
https://doi.org/10.1111/jfpp.16939

INR. FR T A I 22 BRI S L R 0ok il A T 5 A BE TE[D]: [ 2 i@ ). R KETLK
#,2018.

FEEE. BORS AN ERE At S L i B 7T [D]: [t 22 LR 3C). BHR: AR 27, 2023.

FEXUEN, £ %, S8R, 5. DPPH H tiJ&iE BRI PR J7 ik pU A At i ih O et R (0], £ i Tl B,
2012, 33(8): 380-383.

Sithisarn, P., Muensaen, S. and Jarikasem, S. (2011) Determination of Caffeoyl Quinic Acids and Flavonoids in Acan-

thopanax trifoliatus Leaves by HPLC. Natural Product Communications, 6, 1289-1291.
https://doi.org/10.1177/1934578x1100600920

R ZE, o EM, 238, . IE SRS SR 1) A A R A U A AL E N LU L[], N4 T, 2025, 53(6):
49-51+63.

DOI: 10.12677/hjfns.2026.156070 688 5 E R


https://doi.org/10.12677/hjfns.2026.156070
https://doi.org/10.1111/jfpp.16939
https://doi.org/10.1177/1934578x1100600920

	簕菜粉蛋糕工艺优化及其抗氧化活性研究
	摘  要
	关键词
	Optimization of Processing Technology and Antioxidant Activity Evaluation of Acanthopanax trifoliatus Powder Cake
	Abstract
	Keywords
	1. 前言
	2. 材料及方法
	2.1. 实验材料与仪器
	2.2. 蛋糕制作工艺
	2.2.1. 蛋糕制作工艺流程(图1)
	2.2.2. 蛋糕制作操作要点
	2.2.3. 单因素试验设计
	2.2.4. 正交试验优化簕菜粉蛋糕工艺配方
	2.2.5. 簕菜粉蛋糕感官评价方法
	2.2.6. DPPH自由基清除法测定抗氧化活性
	2.2.7. 数据处理与分析


	3. 结果与分析
	3.1. 单因素试验结果
	3.1.1. 不同簕菜粉添加量对蛋糕品质的影响
	3.1.2. 不同细砂糖用量对蛋糕品质的影响
	3.1.3. 不同柠檬汁用量对蛋糕品质的影响
	3.1.4. 不同油用量对蛋糕品质的影响

	3.2. 正交试验优化结果
	3.3. DPPH测定结果

	4. 结论
	基金项目
	参考文献

