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Abstract

With the increasing consumer demand for healthy foods, developing baked goods that combine nu-
trition and functionality has become a research hotspot in the field of food science. Inulin, oat flour,
and whole wheat flour were used as the main raw materials; this paper was designed to develop a
kind of biscuit with high dietary fiber and low calorie content through formula optimization. Taking
the sensory evaluation score of the biscuit as the assessment indicator, single-factor experiments
were conducted to analyze the effects of inulin addition, oat flour addition, butter addition, and egg
liquid addition on the sensory score of the biscuit. Response surface test was employed to refine the
formula of the inulin oat whole wheat biscuit. The primary and secondary order of the influence of
various factors on sensory scores is: butter addition amount > oat flour addition amount > inulin
addition amount > egg addition amount. The results showed that, based on 50 g of whole wheat flour,
the optimal formula was consisted of 15% inulin, 29% oat flour, 20% butter, and 23% egg liquid.
Biscuits prepared under this formula achieved a sensory score of 86.23, with dietary fiber content
of 23.92 g/100g. Its acid value was 0.46 mg/g and peroxide value was 0.037 g/100g. All microbial
indicators complied with national food safety standards. The biscuits exhibited low toughness and
good chewability. This study can provide experimental references for the application of inulin in
baked foods. The prepared biscuits possess favorable palatability and high-dietary-fiber nutritional
characteristics, and show potential for market development.
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Table 1. Sensory evaluation criteria for inulin-oat whole-wheat biscuits
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Figure 1. Effect of inulin addition amount on sensory scores
of biscuits
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Figure 2. Effect of oat flour addition amount on sensory
scores of biscuits
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Figure 3. Effect of butter addition amount on sensory scores
of biscuits
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Figure 4. Effect of egg-liquid addition amount on sensory
scores of biscuits
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Table 2. Factors and levels for response-surface analysis
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0 15 30 25 20
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3.2.2. EAERBEILS S

AW TR VU R 2R = KPR AT, RAHEEE T A GERNINE). B GEIMININE) C G
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Table 3. Experimental design and results of response-surface analysis

3. WMEESARESER

Fa A B C D EREIE
1 -1 (10%) -1 (25%) 0 (25%) 0 (20%) 81
2 1 (20%) -1 0 0 80
3 -1 1 (35%) 0 0 81
4 1 1 0 0 85
5 0 (15%) 0 (30%) -1 (20%) -1 (15%) 84
6 0 0 1 (30%) -1 81
7 0 0 -1 1 (25%) 86
8 0 0 -1 1 79
9 -1 0 0 -1 82
10 1 0 0 -1 82
11 -1 0 0 1 80
12 1 0 0 1 83
13 0 -1 -1 0 85
14 0 1 -1 0 85
15 0 -1 1 0 78
16 0 1 1 0 83
17 -1 0 -1 0 84
18 1 0 -1 0 84
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19 -1 0 1 0 78
20 1 0 1 0 80
21 0 -1 0 -1 81
22 0 1 0 -1 85
23 0 -1 0 1 82
24 0 1 0 1 83
25 0 0 0 0 84
26 0 0 0 0 85
27 0 0 0 0 85
28 0 0 0 0 84
29 0 0 0 0 85

K H Design-Expert 45 ¢ 3 SLIGEHE AT 2 e A 8T, @20 R k2 Tk Bl ) A .
Y =84.60+0.6667A +1.25B—2.42C—0.1667D +1.25AB + 0.5000AC + 0.7500AD +1.25BC
+0.7500BD—CD -1.97A% —0.8417B* =1.09C* - 0.9667D*

XTSI RN AR B AT 5 22 0 b S BB VRS G, S5 SRR 4 FoR . oA BoR, AL F (A
FI| 82.57 (P < 0.0001), B[RRI BA S RSG5 Lo B P0E RER? = 0.9880, I YLE KA
R}, =0.9761, UiHZAEALREMRRE 97.61% MR MEAR M, TG 55 S A & B R AT . X288 S 50IE
52, BT SLI R IBDAREY B AR R L TR R S e S RN OC &R, T TSR e A 2 UF T IC 7 1Ak
AT .

T4 BN AR EY, ISR ZW T2 P S R AR R 25, LR KD
HF T : iR nE > MEMBIME > FHHNE > BEARNE. X—HFS R0, ERrm
At R S A Sl 2% S i T AR AR I L9 . A& AL B C. D SO A B &, Hb AB.
AC. AD. BC. BD. CD WA HAEHE N T EP<0.05), H A2 B2, C2. D2 XF4E& V2 S0 IA B0
FK, DRG] I J5 25 AT .

Table 4. Analysis of variance for quadratic regression equation of response-surface

4. MEEREVAFRENFES R

FUS S5 A H ¥1J5 F1{H BEME P

it 147.25 14 10.52 82.57 <0.0001
A 5.33 1 5.33 41.87 <0.0001
B 18.75 1 18.75 147.20 <0.0001
C 70.08 1 70.08 550.19 <0.0001
D 0.3333 1 0.3333 2.62 0.1280

A-B 6.25 1 6.25 49.07 <0.0001
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1.0000
2.25
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7.73
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0.5833

1.20

14

10

1.0000
2.25
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4.60
7.73
6.06

0.1274

0.0583

0.3000

7.85
17.66
49.07
17.66
31.40

196.95
36.07
60.69

47.58

0.1944

0.0141

0.0009

<0.0001

0.0009

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

0.9387
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Figure 5. Response-surface plot for the interaction between inulin and oat flour
addition amounts on sensory scores of biscuits
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Figure 6. Response-surface plot for the interaction between inulin and butter ad-
dition amounts on sensory scores of biscuits
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Figure 7. Response-surface plot for the interaction between egg-liquid and inulin
addition amounts on sensory scores of biscuits
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Figure 8. Response-surface plot for the interaction between butter and oat flour
addition amounts on sensory scores of biscuits
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Figure 9. Response-surface plot for the interaction between egg-liquid and oat

flour addition amounts on sensory scores of biscuits
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Figure 10. Response-surface plot for the interaction between butter and egg-liq-
uid addition amounts on sensory scores of biscuits
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15%2 8« 29%HEFEH . 20%FE I AT 23%A8 H . 4 Design-Expert 44T, %A A A WLEETES AN
86.1 3. HIUESRIG TN, RALEL T (A’B C’ D) ISEFRiT43(86.23 4) 5 H L sS4 A (AOBOCODO) (86.06 47)

AV, HWETa%E. Bk, mA&RE AB CD M NRILA™ TEBT5 6.

3.3. BIEFEMEER

12 5 T, 44 B A AL IEC U7 1] RSP 2 60 22 4 22 R T BRAK B AR W R AR &5 SR 38 75 & [ SR b vk (%
TR M) (GB/T 20980—2021)ER, J&EH&=fh, HBEEAYEE &N 23.92 g/100g, F& 7 Hh#ayi+
S FRNE . R HEEE S Z VTR A 0.46 mg/g, ITHEMME N 0.037 g/100g, 4 GB7100—2015 (£ dh
A E FARHEDET) [ 18] X B A A B I PR B EE R . Ak, i sl Rk dE s T 3k i 2 Z 0+
BRI, 5T,
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Table 5. Determination results of physicochemical indexes

= 5. BEALiERRE

Rl EERAS e g5 53
B R A (g/100g) 4.68 +0.21
G2 2 (g/100g) 25.47+0.88
i B 47 4E(2100g) 23.92 £0.75
TR (mg/g) 0.46 £ 0.01
A {E (g/100g) 0.037 £ 0.00
411 B 1 7% M E(CFU/g) 0.14 x 102
KA # (CFU/g) FRot
i BE/N 7542 +13.27
Ja /N 7542 +13.27
MEL Mg 1/N 90.39 +24.70
FRME 1.25£0.18
EIE=Rid 3.76 £2.45

4. VHig

ASCHETC T AR INE . #EERNINE . B INEASERINE 4 DR EN e 2 E 0T
TRt O R S, 3 3 ] TR R DR B PR R T e RC T SR IR N 15%, SR IR I 29%,
TOM IS 20%, XSERMTNINE 23%. EEEG BB, 458, HZ2 R MRETh Rk 2 K
= RIVEAEE, SHS MM EAER, EEJRGEDFTRHL. DR, GRS Kk,

TERH B, SR E K YER RS, HATSRFKME, &34l R E K, — 5
SHHEAT WK 8, H— 7w AR . SRS e, SRS M, AR T
TARAFBRAG T Sk nid s, W REIEFK Ty, W KA ™ B2, BRI R, AR IR A, B
JEURT S BRI R SRS . MR E S AR S A TR A4, p-H R NE R
B A SRIROKIE KRR, N & 2 4O BRI B . FRRETH 5 X2 RESE R s I SRS, ) T it
IAER/N, Tl SRIRAR DA S BRI &, TSR 0 80k KB A 4R, T A Je A 22,
B DF T IR AR . B E AN Y B BN E ], BB R, FHAS I OK T A0 He, BT A5
PE, BT URT B BRIGE A ER Al 3SR B A TROKIEK, DR AR — e I AR S

IFi 368 o SR 7 5] A R 2 R e 3 A 2 TR SR IO AL, ARTE HARAH S B S T R R TR IE . W
A A5 [ 26 B I B7F A (7] 2650 A 0 T L o SRR R (R, SIR A IR, MBI R R S RN 10%
B, E T ELE EE 2 AR AR S B AR A 3R I B A 5 (25 b i . B 4T85 N (27190 T 4 H
TN T A REECLEOR R AR RE e sem, JF R T AR MR E T 50T, 2k R R
e 7 T DD AR R AR, R RN INEN 6% . R E S N [28]0F R T — FCHUR YT,
SERRM, HR A ISR O R E VR B RE R, BT RSN 19%. AR R
R, 5K TS 0 X6 2 0 e 2 4 F2 T (0 UBR RN TR B I S8 (R 52 m), A0 2 28 S I 15%.
BN A N [29 38 1k 75 % B LA AN A [5] LU G R0 30K, 2R 50 2% %2 K 777 ol ot S AR e B S BT 1 32 FE IR 5

DOI: 10.12677/hjfns.2026.156066 645 5 E R


https://doi.org/10.12677/hjfns.2026.156066

EET

B e MG fr £ 4E SR 5 e A R B FL A HLEE &, IR — RO R TR 5 IR ) Dl e At A AL Al o
BT L, SOBHOE 0N TR IR B, T MR TR DEF . BRSPS A SR
MBI M2 22 PR AE —ERR L Lo 7 AR OS B im BN, N2k (O I L S = ot Atk — €
F S8 A B T

BT EH BT, M R BRI AR B e it 7R T BB, A
A2 S I R AT, A 8 LA B 2 T 6L AP OB, 2 R 25
FERBE GG HAR AL S BR[30]. MRS AEDET MOGFRII I, 5 A3 11 2 IR IR o 1 R
MOFT SRR, S5HRY], SRR 30% 500, MEDFTHREE T ME PR 2%
N32] L% S i 2P I S A N E B RORY, AR S IR AP DT, SEeh e R
By 12%. AL RRZSRMOET, MRk, SRR ST TS R L
AT R
5. &g

bR, PR INE . BESRTSINE. SPRININE . SRR INE Y £ B R S e e U
TR A, 5 RO R PR R MR O S IR > #EERAINE > SREIInE > 1y
TR . TR T R A S IR IR, BT DL 50 g Ak A B HE IR R T . S 15%. R
29%- M 20%- YSERH 23%, [FIRFERIN 20% R EE0ERE . 1% 3. 0.2%/NIRT . fERLECTT 4614 T Hil 4510
PFFREIE N 86.23 73 P2 G 4T 4 & B ik 23.92 ¢/100g, Feth. i EALE L BTG bR, BRSO
KM B B S G A AR Y R T R e A DGR e s OS5 R UE TN, 5 T g, HeH RiF
& PR R B AR AR TR A

AHEFEALMBCTT A BESE O™ R IT A, AT FRAEAF SRS, AR BT SNERm AL AR A i
W DIROEATIAE . J5 28 A3t — AR TN R I A BEAG Ry X DF T IiiAe e 1« B R 20, T J Ak
AMH RIS PP DF T B0 AR, AiZ ST e ME LGS £ S IR AT R SR A SE I 4 T B 5 S 4. AT

RIS RS AE MU B P (LA I SR SR A AR
E&mE

PV 22t 2B 2 ORI H (25)yjx 116); FIE2EFE — I BRFE @ 13200 H (25ylke101); 7 i 22 B iR A2
BBUREFE(25SFKC07); AN EVETH (24HKY436); BRiti4 2026 F6)# A8 /1352 # %30 H (2026GH-
KJFZ-276).

SE 3k

[1] XNEHE. %54 Sl R Z 2 Wk s E T 7L [D]: (AL 2 A0e 3], REE: RERHE K, 2019.

2] 3kJ¥, WEAE, MWK, % 8BRS SR O R A4 IR R B ARG S R AL 0], R AR,
2025, 50(2): 67-74, 111.

[3] ZE, ZEM, M, & RN, DhRe RAE R R R RS R[], T ERR 2R, 2021, 36(4): 185-192.

[4] 1R/, BSLER, X, %5, k5 YkiE il E AR H R )] &t i SR, 2018, 39(12): 183-
186.

[5] k4B, kRt Thae RHIEE RPN EHSE, 2022, 42(8): 51-55.

[6] HHEW, 1R/ANEE, XN, RBESEH E FTHRII]. £ Tk, 2021, 42(2): 17-19.

[71 Canale, M., Sanfilippo, R., Strano, M.C., Bavaro, A.R., Amenta, M., Bizzini, M., ef al. (2024) Technological Properties
of Inulin-Enriched Doughs and Breads, Influence on Short-Term Storage and Glycemic Response. Foods, 13, Article
2711. https://doi.org/10.3390/foods13172711

DOI: 10.12677/hjfns.2026.156066 646 5 E R


https://doi.org/10.12677/hjfns.2026.156066
https://doi.org/10.3390/foods13172711

A

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

THE, ZEEE. ZM AR PN R S R B [T, & i 5 R Tk, 2022, 48(15): 214-221.
KR, B4, #=8, % MEEFNS . ThEehktE L= M R, &5 Dk BHE, 2022, 43(12): 438-
446,

Joyce, S.A., Kamil, A., Fleige, L. and Gahan, C.G.M. (2019) The Cholesterol-Lowering Effect of Oats and Oat f Glucan:
Modes of Action and Potential Role of Bile Acids and the Microbiome. Frontiers in Nutrition, 6, Article 171.
https://doi.org/10.3389/fnut.2019.00171

McGorrin, R.J. (2019) Key Aroma Compounds in Oats and Oat Cereals. Journal of Agricultural and Food Chemistry,
67, 13778-13789. https://doi.org/10.1021/acs.jafc.9b00994

Yue, J., Gu, Z., Zhu, Z., Yi, J., Ohm, J., Chen, B., et al. (2021) Impact of Defatting Treatment and Oat Varieties on
Structural, Functional Properties, and Aromatic Profile of Oat Protein. Food Hydrocolloids, 112, Article ID: 106368.
https://doi.org/10.1016/j.foodhyd.2020.106368

Xk, TEW, TF. MEEFRST AR ICEMR, 2021(6): 127-130, 141.

Rorge, FE, EKH, & RS MR X BRI R SO R B IR A (0], | S TR, 2022,
43(17): 100-106.

ik, LERE, T, & ARMETTIN T T2 R0 R RIIT, 2025(5): 56-62.
TS, BHAE. RBE S SR TRE R & S S B AT (D). il Tk, 2025, 46(2): 20-23.

2, K, Xibedk. ARFEPIEGETECT Al S A AR AN N B SRR AL [CL/ b [ R i R R EoR 2 2.
[ R A ROR B R E i AR (F R {5 PR MR 27 B £ il 2 B 2022: 186.

ExPAMTHAETERS, EXEmAHEEEHE/. GB 71002015 & 24 ExhrdE 9 1[S). b5
E BRAE R, 2015.

ExRPAEMFREETRERS, BXEMAMHNEEHELE. GB 5009.5—2025 & %4 EZrE &R EER
FIE[S]. dbat: A EFRAE AR AL, 2016.

ExRaEMmEEEALRE, BEXBAEMTRAEERRS. GB 5009.6—2025 & 54 EFbrdE &8 g iin
iy

WE[S). Jbat: A EFRHEH ARAL, 2016.
B x® PAEMTRIETZR 4. GB 5009.227—2023
HEH IR A, 2016.

B R ARG ZE AL, GB 5009.229—2025 &2 EFE b &5 PN IIMES]. dbat: o Ebsdk
Jiitk, 2016.

B R PAEFNTRIAETR RS, GB 5009.88—2014 & & E FinE &P EEA4ERNES]. Jbat: FEiriE
AL, 2014.

EX PA@FEEREAe, BRTLESIHNAE. GB 4789.2-2022 & 24 E K brAE & MY SR 00w 78 a5
MsE[S]. dbHT: wp E e A, 2022.

Hx PANNATERS, a5 EEEHA)E. GB 4789.3—2016 44 EEhrde &Ry
o6 Km e seS). dbat: o EhRUE AR, 2016.

WtE, INEGE, 2, &, e E AR it w T e R S AR R BRI [D]. AR S A, 2025(2): 45-
48.

B, TAEM, AN, S 280 DI TR SR MR s I, P SR, 2025, 36(4): 93-100.

L EE, XA, XS, S ma RN EyROU S AR GG B T U [T]. AREE S N T2,2024, 24(8): 66-
73.

TUANGE, T#, W, 5. X R RIS R DR AL (0], AR T, 2024(16): 24-26.
S, EAMTR. R R A B e A A TR RN AR (], b BRI 2R, 2025, 40(5): 43-52.
2R, WA, 2N, S SRR /N T AR RO S )], & AR AL S TR R, 2021,42(1): 134-140.
NN, B, A, & MG REUET IFRIT]. 5 Tk, 2023, 44(9): 94-98.

dh 24 ZbRIE Bl o AL I E S, dbst: P E R

DOI: 10.12677/hjfns.2026.156066 647 5 E R


https://doi.org/10.12677/hjfns.2026.156066
https://doi.org/10.3389/fnut.2019.00171
https://doi.org/10.1021/acs.jafc.9b00994
https://doi.org/10.1016/j.foodhyd.2020.106368

	菊粉燕麦全麦饼干的配方优化及品质评价
	摘  要
	关键词
	Formula Optimization and Quality Evaluation of Inulin-Oat Whole-Wheat Biscuits
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 材料与设备
	2.2. 实验方法
	2.2.1. 菊粉燕麦全麦饼干的基础配方
	2.2.2. 菊粉燕麦全麦饼干的工艺流程

	2.3. 单因素试验
	2.3.1. 菊粉添加量对饼干感官评分的影响
	2.3.2. 燕麦粉添加量对饼干感官评分的影响
	2.3.3. 黄油添加量对饼干感官评分的影响
	2.3.4. 鸡蛋液添加量对饼干感官评分的影响

	2.4. 响应面试验设计
	2.5. 感官评价
	2.6. 品质检测
	2.7. 数据处理

	3. 结果与分析
	3.1. 单因素试验结果
	3.1.1. 菊粉添加量对饼干感官评分的影响
	3.1.2. 燕麦粉添加量对饼干感官评分的影响
	3.1.3. 黄油添加量对饼干感官评分的影响
	3.1.4. 鸡蛋液添加量对饼干感官评分的影响

	3.2. 响应面试验结果与分析
	3.2.1. 实验因素和水平的选取
	3.2.2. 回归模型的建立与分析
	3.2.3. 因素的交互作用分析
	3.2.4. 验证实验

	3.3. 理化指标检测结果

	4. 讨论
	5. 结论
	基金项目
	参考文献

