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Abstract: This study investigated the effects of replacing flour with different proportions of mulberry fruit
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powder on the quality and antioxidant properties of steamed bread, with the goal of preparing steamed bread
with high nutritional value and expanding the utilization of mulberries. The impact of varying amounts of
mulberry powder on the color difference, texture, microstructure, and antioxidant effects of fermented dough
and steamed bread was measured, and the correlation between dough characteristics and steamed bread
quality was also analyzed. The results showed that as the amount of mulberry fruit powder increased, the
dough's elasticity, L* value (lightness), b* value (yellowness), and w value (whiteness) significantly decreased,
while the a* value (redness) increased. Changes in gluten protein structure led to a significant decrease in the
specific volume of mulberry steamed bread and an increase in hardness, resulting in a decline in steamed bread
quality. The moisture content, elasticity, and chewiness of the steamed bread initially increased and then
decreased. Correlation analysis between the dough and steamed bread results revealed significant (P<0.05) or
highly significant (P<0.01) correlations. Additionally, as the mulberry fruit powder content increased from
0% to 5%, the antioxidant properties were significantly enhanced. The DPPH free radical scavenging ability
of mulberry steamed bread increased from 39.05% to 76.28%, an improvement of 37.23%. The reducing
power increased by 282.5%, and the ABTS scavenging ability increased by 35.94%. In conclusion, the
addition of mulberry fruit powder affects the processing performance of the dough and the quality of the

steamed bread, with a significant correlation between mulberry steamed bread and texture indicators.
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Without formula optimization, steamed bread with 4% mulberry fruit powder exhibited the best quality.

Key words. dough; steamed bread; mulberry powder; oxidation resistance; correlation analysis
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HMIJ-A20E1 BURITAIHL: AR (/NAE) A
FR/HE]; SP-18S FEAM: —AAMAFE,; CM-5
2L HANE RERBAF; FTC BRI
BUREZERHE (dbnt) HIRTHEAF; DZF-6050
RIS THAE . MRSk ( 1) fARAF;
HYQ150s # K : Vi E YRS (230 ) A BRA A
SB25-12DTDN M/ HIEVENL: 23 A RRA
Al 5702R BLOHL: MEAUERRA (B AR
wl; UV-1800 AR R WLt LigMZA
BT JI500Y HLFROF: WS (R TR R
J75 FD-2 VR THRHL: B RS s PR F 5
SIGMA HD 58 : fEERI/R - 28R AF .
1.3 KWHE
1.3.1  REKHEAGETZ

IR BT 100% 4 564, [ MK it 55% .
Pt 1.25%, SEM BB I H B A TR A 8 65
0%, 1%, 2%. 3%. 4%. 5%, FImEHLH 3
AT 10 min, £ A S 7E 37 °C ABXHEEE 85%
1) % TR Hh &2 1% 60 min, 231K 50 g 1 AT AT S
RIFIER, AT R E , B R ETE] 20 min,
1.3.2  SREE LA &

#1310 Frl s mE A, BhKZE 15 min 56
KA 2 min, IR EIE
1.3.3  SE by 1w A AR
1.3.3.1 A EZEMNE AR SRR A
T 22 i 1) %3 A T AL 3 A, e ) R
AR Lx . a*, b*(E, SRS 3
W, I VIR A EE w:

W=100—/100—L* +a* +b*> 3t (1)
1.3.3.2  HERIBRIE B 25 g AR AR TR
s —BUNBIR T AT, BCE MR S P/36R R
3, FRIERE H1300 N, KR 20 mm, fk
AR i 40%, EeARRIEAR 1 mm/s, JIRIG T
0.3 N, XfE/MRAFEREE AT T 3 Wik, JFdsr
BERE . PIIRME . B BORG R  IE RS BRAE O
SE AN
1.3.4  FREAEL LA E

259 E 2 18 GB/T 21118—2007 (/N Hyig
KD, SRAVNKRE B E A . LA AR

(mL) 5FH (g) [l HRR,
1.3.5  FRFEEE LK BRI E

KA BRI E S R GB 5009.3—2016¢ £ 4
HK 23 I E e
1.3.6  FEABL A2

HHEEPORKE G REB LB G, SR
1.3.3 MR8 a2z,

1.3.7  FEABL A &

W22 S IE R A, ] P/36R [H]
HIEPIRSL, mARIEAERE 50%, kRl
60 mm/s, ALLH T 0.5 N, FEFEATINA 3 K,
JE A
1.3.8  RIEMELBEEN

Big T 10 AT R, BLss 4,
X BRI SRR ST TIRE Ay, DARR . A
URIE . AL S S PEEATER G VAN, RS Y
WHETE 20 4, BZA350A %] 100 43 BARTForbn
S 1,

x1 REBIREITERE

Tablel Sensory scoringrulesof mulberry steamed bread

P4 H PEA AR E 8515
PR, A6, Bt R, BlamE
. 16~20
&Y
GRES . o ) )
oy BEAKRYS], BlIEER, BiERAsar L
(207%) 10~15
Bz
BEAEF AL, BIERE, RNz 0~9
FEAFM, ARF, AERHLE 16~20
LR TR, TSR, [REW R 10~15
(20 4%) AR, T i
BHERE, BH% 0~9
FHRBRZE 16~20
Wk : PESSD 3 ISR
uo%)%ﬁﬂﬁmm,iﬁmuﬁm% 10~15
ToACHR R, H B 0~9
JERLF, 1w, REOCHE 16~20
HNIE %§~%,A%@ﬁ,£&¢ﬁﬁwi%lmw
(2043) fL, JCHIMA
iz, RmAaEk, H9%4% 0~9
e FA W, N 16~20
uoﬁ)éﬁi%,%ﬁﬁ% 10~15
i, DR, 7Pk 0~9
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1.3.10  FFE LB E AL GE 1 I

1.3.10.1  $2ECWE & AR AR ER SR A S
250 g, ¥HE T 50 mL 80% (V : V) HEEd,
RAEET 50 COKIBHIRI 2 he S5 AT
A3 30 min, BT ELL MBS, 2514424 4 000 r/min
TEL 15 min, B0 5 A P,
1.3.102  1,1- " 3E-2- =52 (DPPH ) H
HIERAE I E BRI O ik BE AT
W, FEZHMIEEGK 2 mL, A 2 mL 0.1 mmol/L
DPPH W, IR-G3925), FilEEDE Y 30 min
J&, MK KR 517 nm BT RIRCEE , #BAR
(2) X} DPPH H i &iHBRAE ST 15

DPPHE aa%i%ﬁ,%ﬁamwxmo% 3t (2)
o (2) . A/l 2 mLiAREIBUES 2 mL

DPPH W HIWOEEEE; Ao 2 mL 445 2 mL
ZBEW G ; AN 2 mL ZFES 2 mL DPPH %

TR REAE
1.3.10.3  ZRAJRRE I AIE  FF 0.5 mL FEE

Sk Z R BUK . 2.5 mL0.2 mol/L IR ZE ik
(pH6.6 ) Fl 2.5 mL 1%k FULAI RIS 5, ik
A 50 °CHY/KIEHEH I 20 min, S8 5 A 2.5 mL
10% =54 LRV, LA 4 000 r/min &0 10 min )7,
B EWER 2.5 mL, FHIA 0.5 mL 0.1% — S ALk
W, RAWAE, =R THERN 10 min, I
FEWAN 700 nm AEIOEEE(E (A), BRiAJREE
IO B RAE WO B R A S kg, I
AR IBGRIIR 6 RE 1 R 28 U (A) B,

1.3.10.4  22-BRA-— (3-ZF- R TfBEme-6-fifi iR )
TR (ABTS) HHAEERRAESIAIIIE B S mL
7 mmol/L ABTS A A1 5 mL 2.45 mmol/L 13 i fig
PRV, AR —Af A IR A, fERE A
JCE RV 12 he AT, HZEEKH R ABTS T
YEW, HEHAEWK 734 nm LW EE N
0.70+0.02, ¥ 2 mL MR TilEd, A
4 mL ABTS TAE#, IR&¥2), W 10 min 5,
FE 734 nm PR WIEEE, 71 ABTS 1%
Bragl2 At (3):

ABTS 4 FAE S 6 :%xlm% 2 (3)

2 (3) W Ayl 2mL Z£18/K 5 4 mL ABTS
T AR AW R s AN 2 mL £ By $ U 5 4 mL
ABTS TAEWPWOCEE ; Aoy 2 mL iR B
5 4 mL I /K W AR
14 HUELE

S 2 SR A AR E R 25, AT RS
M 3 L EPATSES:, B geitR ] SPSS27.0
YRR AT G AL B, SR Origin2022 #fiH
rE, HBEHKFHN 0.05, P<0.05 FRzER
iTE
2 ZBRERWH
21 REMTFMEMERGEFNZME

T VAT £ G 3 R Sk 1) i BT LA T B S
FRES, BRI EEAGENR S 2R %, 1
H 356 R0 7 i e S EN4 ), gk 2
AL, B SEREIE N 0% InE] 5%, TH
PSR L. S5 {H b* . FEE B TR, a4t
H a*2 i MM, XSREARGHOFEE FRE
LLEFEAFC, BHE SERY 0 US I it 1S n 2 ff g 1A
AT R I a0,

*2 REMFIMEXNEHGFENZM (n=3)
Table2 Effect of mulberry addition on the
color of dough (n=3)

IR /% L a b’ w
0 87.72+0.58" 1.28+0.35% 18.51£0.24" 69.26£0.65"
1 66.1120.29" 5.55+0.26° 9.28+0.31" 48.62+0.52°
2 59.10+0.64° 6.87+0.21° 7.79£0.28° 41.76+1.10°
3 55.88+0.79Y 7.46+0.26" 7.01x0.29% 39.73+0.97¢
4 49.74+1.40° 8.81+0.28" 6.92+0.15" 38.35+0.52°
5 49.82+1.73° 8.33+0.54" 5.91£0.44° 69.26£0.65"

F: FSIAR/NG FRERRZ 7 B3 (P<0.05) , TR,
Note: Different lowercase letters in the same column,
indicate significant differences (P<0.05), same as below.

22 REMFMEXEEHRMEEH G

R 3 AJH, BEEREMBS MR, &
TR J T A ) R A S 2 IR (P>0.05 ), XS
TR EBRBRECERE THRAE. HNFZERH
N EE R 2%k A, 18 Sk i vk B R R
(P<0.05), REMAINEILT] 5%, T
PR PEEA B E R (P<0.05), ANIF L Fl A FEE
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Foy 5 0 380 TRy v LAAS )R JBE 52 ey 1 T AT ) PN S 24
QUL . X AT REIE O R AR B & R i B S 20R

L S N T S B AIE S VT S K
PERBERE S5

x3 REFMEXEHAREEENZM (n=3)

Table3 Effect of mulberry addition on dough texture characteristics (n=3)

IR INE/% T Jiz SR v MEL g 14
0 2.12+0.26° 0.20+0.02° 1.08+0.06° 0.50+0.14"
1 2.52+0.13 0.20+0.02° 1.090.10° 0.63+0.16
2 2.49+1.10° 0.200.00" 0.84+0.08" 0.47+0.02%
3 2.31+0.09* 0.22+0.01™ 0.92+0.11° 0.51+0.05%
4 2.22+0.36° 0.200.00° 0.80+0.10° 0.39+0.12°
5 2.13+0.50° 0.21+0.02° 0.77+0.05° 0.41+0.10°
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HIPEL 1 AT, Bl S8 FE R R i 1 LG
18 3K (9 LU 25 W/ o TR SRESRY IR I 19 Le 51y
0%~2%}, 183K LA iy TR gg, A
(18 SR SEE B X TR A9 ) 2 L 25 A S I AR BE R R, Y
ZEMBINEIRF 3% L, SRR m R
R, B0 A ARG T . RER TSR
ST Ak i WK PR R S0 AT TR R A, 1Bk
P25 52 I sl D R

30 B a
251
20F

’& d e

=t
15k f
1.0}

05

0

0 1 2 3 4 5
BEMIRINE/%

I ARNSFRFRR 2523 (P<0.05) , T
Note: Different lowercase letters indicate significant
differences (P<0.05), the following figures are the same.
B 1 RESHFMEXELIL TN M
Fig. 1 Effect of mulberry powder addition on the specific
volume of steamed bread
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HIIE 2 AT, 1@k oKy, B RER
ALY LB A ok, o a8 koK > S 2
Jo 3 E AR S, R SR R nT R,
0%~4%Hf, Ko 5518 3k B RE RE LA ], i
I, RO Rk S A TR R AR, AT
TR T K REDB ISy 4%, K 73 R o

MR ERTINE AR 5%, i Tid B iR ERR
IR T8 Sk WK RE 7, 18 Sk B BE HEAH LA i,
Ko R

501

K ERI%
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S S S
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REBMBIE %
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Fig.2 Effect of mulberry powder addition on moisture
content of steamed bread

25 REMABMEXELEFHEMHIME
P 8972 A T LS MR 2% 385 00 18 Sk RO DAY
g, DG, FErESKRg A M Tt g, %
Ml AR T, R 4 AT, BEE REREm
AN, 8300 LHER b E B, 1 oa
EI . XaTREEm TREPSAEEMAR
x4 REMFMEXNELEFFENZM

Table4 Effect of mulberry powder addition on the color
difference characteristics of steamed bread

Wt /% L a b’ w
0 78.83+0.85" 0.95+0.07° 19.19£0.42° 74.90+0.14°
1 58.37+0.65" 3.19+0.24"  8.66+0.57" 55.48+0.34°
2 53.05+0.57° 3.7240.12°  6.13£0.19° 49.59+0.26°
3 49.63£0.90% 4.06+0.14*° 4.90+0.01¢ 45.75+1.48¢
4 48.84+0.319 4.44+0.18"™ 4.81+0.19% 44.73+1.07°
5 43.82+1.21° 4.70£0.22°  4.16£0.26° 74.90+0.14*
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1, XERRORAURT 7 REE LM 5
gL, M HAEZER SRS, RPN
o FHEEE LW AL INE, RERE
18 Sk By B 6 LE R R S TR, XS R I RS 4
SR,
26 REMRMEINEL RS EN T

M 5 AJH, BEERERE MmN m, 2
Sk 0 RS B RTIE IR S 0 W B R I R, MR
ERBINE R 5%, 183K aERIAF] T 20.20 g,

JEXT HRZH 12K 1K) 185.32%., MEMEMEIRE] T 221.70 g,
FUXT BB SN T 61.27%, XFEM, BN
3 AT LA S 2 4 v 0 Sk 0 B IR, O R
JRE B 2F AE (T LR G5 A T %, A 2546 148
LSBT, SX IR b, A SRS Sk i B
P RERA B (P>0.05) i, HiRnER
0% 14 52 6 2H 18 Sk 1 A 3R 1k 55 H At SREE M S 0 21
A W E2m (P<0.05), SRR AL 1
THT 1A 9 i 41 2 454

x5 BREBFMEXIELREFENI N

Table5 Effect of mulberry powder addition on the texture characteristics of steamed bread

I/ % /g i R NELI P/ g
0 10.90+1.37¢ 15.74+1.03° 0.80+0.00° 137.47+9.70°
1 13.6242.23° 16.01£0.16° 0.73+0.06° 220.10+13.47%
2 15.68+0.43% 14.98+0.15" 0.70+0.00° 211.10+15.98°
3 16.45+0.08" 15.75+0.49° 0.70+0.00° 251.53+14.63°
4 19.63+0.21° 15.73+0.23" 0.70+0.00° 245.63+12.64°
5 20.20+0.43" 14.87+0.39° 0.70+0.00° 221.70+11.70®
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18 Sk FE S AT TIRE P4y, SR H
TR BRIA . AMULLL B s S 25 A O Sk AT Al
H, RNE 3 MARERE, BknEan
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WO 2%, BEARERE., RERBINE R
4%, 1B EOPFEH SRR 0, REaiimk,
BRI, Woakem. YREMBME R 5%,
kB U, R B A HIRG, FE
WorEAl. BRME, YRERHMLE, ¥
IYBEZ R, MUK 0%~2%0t, i A1
S E . AR Sk hoin AGE S SRR
AN R SN TR, LR B X 7
FRAMFEAEI o

b(1%)

—n— A%
—o— KB
—a— BRIE
—v— 4ME
—o— Pk

E3 REMRMENELEAEHFENID
Fig.3 Effect of mulberry powder added on the sensory
properties of steamed bread
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Fig.4 Effect of different mulberry powder supplementation on the microstructure of steamed bread
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s, AT LAE MTEANIMARERELp, H
183k A SRR e BRI . SR . AR,
It HIEMRL 0 A 72 T A Y 28 o A 1%~2%
PSRER S, MBS 4b, 4c PIEIFTDLE
WAFAE D B AL, ATREFEAE T R BRI WL
IR 3% L BB, R B 4d 1T E A R 2
B, FLBRAE R, SRR, MARER
JE 18 M BUE S KA, X T8k A 208
SHA—EMMmALiE ), X5 2.6 FEBWEIM
O TE K BT R R S 25 R )

29 HHAHFESEGAREXES T

M 6 A, WA LS8k s E a
BB EAKE (P<0.05), SR b EIEH
FM L E KT (P<0.01). HFIWLLEE & S8k
W b L Bk L N R UM G B KR
(P<0.05 ). TR B 5508 Sk i pt . YR L
WEL I 52 TR AH DG 35 7K (P<0.01 ), 1T AT %) 55t
PS8 B R L IR 52 D AH DA KO
(P<0.01 ). IF1 1A Fr P SR 1 155 18 Sk A EL B 22 T A G
Wl ZE/KF- (P<0.01),

*6 HHEFMHESELRRIBEXE

Table6 Correlation between dough characteristics and steamed bread quality

sk 18 3k ) 8k ) E% ) 83k 83k 83k 18 3k
SR L LL4RE a W b T i R WEL I 14
I A1 5 L 1 -0.62" 0.96" —0.41 -0.22 -0.19 -0.37
T AILI 4 o -0.62" 1 —0.69" —0.45 —0.60" -0.61° —0.49
T A #5  b° 0.96" -0.64" 1 -0.34 ~0.11 -0.06 -0.30
A AT R -0.41 —0.45 —-0.34 1 0.94" 0.92" 0.98"
THI AT 5 -0.22 ~0.60" -0.11 0.94" 1 1.00™ 0.97"
THT A A SR 1 -0.19 -0.61" -0.06 0.92" 1.00” 1 0.94"
1A A JE A 1 -0.38 -0.48 -0.31 0.98" 0.97" 0.94" 1.00"
1A AT ML g -0.37 -0.49 -0.30 0.98" 0.97" 0.94" 1

T % 7E0.05 40, WEAKF; ** 1E0.01 ), HEEKF.

Note: * At level 0.05, significant level; ** Very significant level at level 0.01.

210 REMAMEIELTELFEMNI I
YA LA R 5 BoR, fE—EEFEN,
1831 DPPH H HIERRAE N SR EM R INE S
PLIEAHE, 183K DPPH A H L& BR R M 39.05%
PEET 76.28%, $EE T 37.23%. [FEf, (23

A8 JFURE Sy Fe X BR AL 42 50 T 282.5% . b4k,
’ N 14
72 DPPH [ th E: 15 R %
80t gza ABTS % f e
s ez ABTS I <o B |
A dc %V %V )
& oo o A
o N B il R
; b e .
DNV B N 1 R
=0 2 B |ITH
& BN B a1
&2t b 4 | S
A 0 2 s AN s
M8 sl "Ml Ml
e %%3 H M
-1 0 1 2 3 4 5 6
FRENRINE %

B 5 ARREMHFMEMNBIRANLFENZIM (n=3)
Fig.5 Theeffect of different amounts of mulberry powder on
the antioxidant activity of steamed bread (n=3)

FEM S I 0 P T8k ABTS H H Ak
WHHRR, RE T 35.94%. PR B HTERPSGRT5E  H,
RHFEP A ZE T 58 28.13~57.65 pg/g, &
B SN 0.94~12.03 pg/g, Ay I il 3 L4
T B W R A BRI A B o 3
Segh RN, REHEAMRBOPUETEE, 8
% b 24 SR Sk b AR RE T .

3 #ig

B SRECR AN, 183k ) FL A I W
WEEERG N, HOK A i S I S
TN B RS T 508 sk 1 AR S L*(E A
b*EREAR, a*EFtm, AFEWEHERER, £
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