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Abstract: Objective: The study aimed to develop a nutritionally rich Eucommia ulmoides leat micro-powder shortbread
biscuit with enhanced taste and unique flavor to cater to the demand in the health food market. Methods: Fuzzy
mathematical comprehensive evaluation method and response surface test were used to optimise the biscuit formulation,
and the optimal process formulation and baking conditions were determined using 100 g of low gluten flour as the
benchmark. The superiority of the formulations was verified through multidimensional comparative analyses of sensory
evaluation, textural properties, microstructure, nutrients, antioxidant capacity and volatile flavour substances. Results:
Comparative analysis with a blank formulation (lacking Eucommia ulmoides leaf micro-powder) revealed that the optimized
formulation exhibited significantly improved sensory evaluation, enhanced textural attributes including hardness, crispness,

and chewiness, a notably higher porosity of 50.91%+0.71%, a reduced spreading ratio of 4.99+0.12, and decreased baking
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loss of 18.94%+0.23%. The nutrient composition analysis revealed an increase in total flavonoid content from 5.03+
0.07 mg/mL to 6.61+0.03 mg/mL, total phenol content from 0.64+0.02 mg/g to 1.53+0.03 mg/g, and sodium cholate
adsorption capacity from 16.06+0.48 mg/g to 21.17+0.53 mg/g. Furthermore, enhancements were observed in DPPH,

ABTS", hydroxyl radical scavenging, and ferric ion reduction capacities (P<0.05). The optimized biscuits exhibited elevated

levels of volatile flavor compounds such as alcohols and ketones, contributing to a more balanced and harmonious flavor

profile. Conclusion: Fucommia ulmoides leaf micro-powder can effectively enhance the textural properties, antioxidant

properties and flavour of shortbread biscuits under the optimized process formulation and baking conditions.

Key words: Fucommia ulmoides leaf micro-powder; biscuits; fuzzy mathematics; physical properties analysis; sensory

evaluation; antioxidant; flavor substances
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Table 2 Response surface test factors and levels
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[7] B5f 38 3 4R 4 Design-Expert8.0.6 %22 3 H111
BRI AN, 7T LIAS 3 — Rk i B 5 FR

Y=86.80—1.18xA—1.67xB+0.35xC+0.38xD—
0.17xAxB—0.65xAxC—0.050xA*xD+1.90xBxC—0.32x
BXDH0.15xCxD—4.22xA’—1.78xB*—2.66xC*+0.029<D?,

FH 2 4 nl 0, 2RI P=0.2378>0.05, A5
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Table 3  Statistical table of fuzzy composite scores

Sy FEERROEY B X9E RAW SEEWS

(%) (%) (%) (%) 1)
1 1 45 35 24 82.5
2 1 40 30 24 87.1
3 1 40 25 30 83.8
4 1 35 30 30 86.3
5 1 35 30 18 84.4
6 0.5 45 30 24 80.7
7 0.5 40 30 18 82.5
8 1 35 25 24 85.8
9 1 40 35 18 85.3
10 1 40 30 24 87.9
11 1.5 40 35 24 77.6
12 1 45 30 18 83.6
13 1 45 30 30 84.2
14 1.5 40 30 18 81.2
15 0.5 40 30 30 83.9
16 1 35 35 24 82.7
17 1 40 30 24 85.9
18 0.5 40 35 24 81.6
19 1 40 30 24 86.8
20 1 40 25 18 84.4
21 1.5 35 30 24 82.3
22 1 40 35 30 85.3
23 1 45 25 24 78
24 1.5 40 30 30 82.4
25 1 40 30 24 86.3
26 0.5 40 25 24 80.1
27 1.5 40 25 24 78.7
28 1.5 45 30 24 77.4
29 0.5 35 30 24 84.9

I T T AR AL BE B AT TR B T AR S R =

1.25%<3%, & 1F. Z $0=0.8727, B B Y e 5 2R B =

0.9363<1, ZIUEHR AT SR UEZLR, HiRZEEAIE

YU L, AR AL A B, 308 FH AR B PRy
F4 AR 20T

Table 4 Regression equation analysis of variance

FZERIE M ARE ¥HEF O FHE PlE B
HHiE 22238 14 1588 1471 <0.0001 **
A 16.57 1 16,57 1534  0.0016 ok
B 33.33 1 33.33  30.86  <0.0001 ok
C 1.47 1 147 136 0.2629
D 1.69 1 169 156 02318
AB 0.12 1 0.12  0.11 0.7413
AC 1.69 1 169 156 02315
AD 0.0100 1 0.0100 0.0093 0.9247
BC 14.44 1 1444 1337  0.0026 o
BD 0.42 1 042 039  0.5418
CD 0.090 1 0.090 0.083 0.7771
A? 115.56 1 115.56 106.98 <0.0001 **
B? 20.63 1 20.63 19.10  0.0006 **
C? 45.84 1 45.84 4244  <0.0001 *k
D? 0.0055 1 0.0055 0.0051  0.9440
Gk 15.12 14 1.08
KM 1276 10 128 216 02378 EFARE

4l 2.36 4 0.59
PEE = 237.50 28

Uiz P>0.05F 7R ZE 57 AR WH; *FREF L, P<0.05; #*FRE R R E,
P<0.01.
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R L AT LAFS S AF R Ge 22 it oAy LAEC A 1l
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X TE 29.70%, RSB 29.24%, M) R E FESY N
87.76 41, M= HELE Ko

it 2 YRS HAEAR 3D BRI R, /N
A0 7 T P S B T ) e gl e, i LS
T A3 RE R B, XoF S 24 SR il 201, mT DA & R
BC W PRI 2R 1 AR R B ok, HIHAS B PR K
2 (P<0.01), FRIAFEITMES IR ARG EE U I P>
R Z A F T 8B PV 50 114 38 B 5 i e k352,
AB. AC W HEZ il miatE Bk =, H AD. BD.
CD P4 A 2 i R AR 5N, HAS H I P AEIAS i
Z(P>0.05), FHIX LEX3 T R 2 HEE PRS2 I A~
W

38 ke 3 RS ST, FRLE A IR A R 2R, B
LA e DF T B T2 R LAIRA TEDEY 100 g Sy Bk,
WV 40 g, XS 30 g IRAEHH(ZR P 511 JTUTkE)
24 g FEARIEREOEY 1 g, JFEEm IR 170 °C, ISk
TEEE A 160 °C, HEEEETE] 14 min 550 F SEFTHEES .
AR, A T iz s T AT A7k, dEf T T =41
AT, ARG e AR IRy RV S A2k A il
o ISR IR, X T A PP T IES S, (rE
¥ya), Kb R g Y, C1ERERRS, SHM AN, BT
41k 88.46:£1.12 43, TE THUIIAEL BRI, WT 54 v o

;:‘::6“‘
ZEIRIRII
200020 0205

R

e, AT LA IZm A T 20 V19 nl 17 Y, vl A Bt
BRI 2R TS
2.3 YBEMEFERREIEN

S A BTSSR PRt TG O A sl ot A2
FE VEANE B AT B HA 28 P 55 i R,
PEACBCTT O T AR BRAS AR B 35 e AH
FEIHABBCTT, PCAL BT B g i L S e/ IMEL 4.99+
0.12, BLRIDALEL I (P T FEMLIE 1 F v ik i v
SRR . R, LB IR ERA, S 18.94%+
0.23%, FKIAEALBLTT B PF T AEREE IR oK S0 Oy
AEJT SR . AEEIRIEhRTT I, CALBCTT B RIRER

®S5 AR BB TR

Table 5 Physical and nutritional parameters of cookies
of different formulations

Eiztan ZH LAl ek
RE & (mm) 37.15+0.43% 36.74+0.37° 37.81£0.59°
dJZSE (mm) 6.14+0.07° 6.47+0.24° 7.58+0.27°
it 6.05+0.11° 5.68+0.26" 4.99+0.12°
LB (%) 47.29+0.35° 43.65+0.93° 50.91+0.71°
mBtRE T (g) 6.230.18° 5.93+0.40° 5.9240.33°
mitEE )5 (g) 5.05+0.16 4.80+0.35° 4.7140.29°
LRGSR (%) 19.07+0.45° 20.46+0.47" 18.94+0.23°
T (%) 0.12+0.01° 0.14+0.01° 0.19+0.02°
pH 6.27+0.03" 6.30+0.02° 6.62£0.02°
K53 (%) 2.56+0.09" 2.44+0.05° 2.64+0.07°
TR (%) 0.85+0.03° 0.83+0.03" 0.86+0.04°
IR (%) 25.89+0.67 26.01£0.45° 26.95+0.55"
AR (%) 14.34+0.23" 14.86+1.60° 13.4140.54°
TER (%) 51.10£3.29° 53.21+2.98" 54.73+0.82°

TE: [FATA A AR 22 53 .2 (P<0.05)

252
-'I 92052
QAR Ao
AL e
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>
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Fig.2 Response surface diagram of each factor to the biscuit sensory score
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Fig.3 Textural properties of different biscuit formulations
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Fig.4 Biscuits and their microstructure under different
formulations
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Fig.5 Antioxidant and functional components
of different biscuits
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Fig.6 Volatile flavor compounds in different biscuits
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