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Abstract: In order to meet people's demand for diversified and functional bread products, the effects of wheat flour
substituted with purple rice (0, 3%, 6%, 9%, and 12%) and Morchella esculenta (0 and 3%) powder on the rheological
behavior of dough, dietary fiber content, baking attributes of bread, starch digestibility in vitro, and volatile flavor
compounds were investigated. The results indicated that the substitution of purple rice and Morchella esculenta powder
enhanced the storage modulus and loss modulus of dough, while the tand value exhibited a gradual decline. Substitution of
purple rice and Morchella esculenta powder elevated the dietary fiber content of bread, while decreasing the specific
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volume, elasticity, and cohesion of bread, and significantly (P<0.05) increasing the hardness and chewiness of bread. When

the Morchella esculenta powder substitution content maintained was 3%, the content of purple rice powder was in the range

from 0 to 12%, the L" value of bread crust and crumb gradually decreased and the AE value gradually increased, resulting in

a darker color when compared to control group. The substitution of purple rice and Morchella esculenta powder decelerated

the starch hydrolysis rate of bread. The electronic nose test revealed that the flavor substances were mainly alcohols,

aromatics, aliphatic hydrocarbons, and esters, and the bread was rich in flavor. Therefore, the appropriate partial

substitution with purple rice and Morchella esculenta powder could effectively improve the quality and characteristics of

bread, and provided a useful reference for the development of functional bread.

Key words: purple rice powder; Morchella esculenta powder; dough; rheological property; bread quality; in vitro digestion
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Table 1 Ingredient of bread
By (g) MR M3 P3  M3P3 M3P6 M3P9 M3PI2
/NAETIRY 220 2134 2134 2068 2002 193.6  187.0
E¥ 8] 0 0 6.6 6.6 132 198 264
ESiNED ) 0 6.6 0 6.6 6.6 6.6 6.6
X4 15 15 15 15 15 15 15
K 120 120 120 120 120 120 120
# 1 1 1 1 1 1 1
i 30 30 30 30 30 30 30
[Cas 4 4 4 4 4 4 4
el 20 20 20 20 20 20 20
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Xp/NEEAS L By . SRR I AL RS B AT L A
MsE, TEME 3 WK, BEFHE,

1.2.4 HEAEME WA E =08 GB/T 14611-
2008 CHRYHAS GG /INZ2 Ay T A R B i ger B 4 R 1
1250, RS FE . EEME 3 K, BOFME.
1.2.5 JAGMIGE >R H TS S s AT 4 RE RS-
FEERE . S ORGSR P SRR SRR . SRS 1k
£ P/36R s ds A7 # = M HT . b RS 5 0 A
1.0, 5.0 F1 5.0 mm/s; JE 48 2 BE 2y 50%; fill & 77
8 g, HEEIIE 6 K, BCOFIHE,

1.2.6 m2EMxE AL R ALY LT (S EEE) |
a" (L848) . b" (WA R TR HAAPEARAG (L. a F1
bAEST MR T WIAG 1) , B 2R H A 2= 7
M, BZEH AE AR AR (DS TR, mEE
E 6 K, BOEHME.

A (D

1.2.7 BEWH  BE RS /NS GOk A TR
TRFEMRFS TR A, HE SR
PEE NG 16 A, XF 58 oK 25 B i A i 47 BB T
EUS, 288 GB/T 20981-2021 i giE@ M) Y, ¥FE5y
FRUELN R : PR (15 43): OO, A58
(15 43): ANUSEEE . F3 . R . JCIEE FE
ASNFHR; TEL BT H (20 430 K HL & A 5k, bl
A TSRS R (20 43) : LI SIGHIR, FLEE
MR (30 43): A HUZE TN, B EHEER. &
SKBIFEHIR | AAHGE T . ARG LA TGS R

1.2.8 RIMHALRRERIRE  FREL 0.5 g SRR
PR AT ELRR i, S8 Liu 250 19059k, SRAH 3,5- A dk
TKAG R, I AT AR o i, AT S e T A A4 S S
AEREPE

1.2.9 H-F LAWK E AN 10 g, BT
40 mL T2 H, InEE 2% HPE =R T & 30 min
Ja , FASK R B I A I 0 AR A T, F T
SR RE : [ERERT A 1.0 s, WPERTE] 120.0 s, #E
FUERERTE] 5 s, KM A ] 60 s, 2R 300 mL/
min, #EEEFE 300 mL/min, FR I E /5B IBEEE

AE = \/(L* —LY +(a@ —a) + (@ -b)

PRHEATEE AR A JEAE, SRR IIE 3 K.
T LA IR N B BUB N ER 2 R

2 TR AR A

Table 2 Performance characteristics of electronic nose sensor
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Fig.1 Dough rheology of bread with purple rice

and morel mushroom
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T Bk 4 FpRE S . DR SORBH S —FikRPEREK, Bl
B IEE N, K AR R A RA AT
Gb, KRPEREK — M EA S BE R, N T FEEmasE s
B, A 2 T 2R AR VE A, A BTG LY
s
22 HBERAFH

BRI RN AR TR o) T GG B 47 4 5 i 19 52 i)
WL 3. M 3 A, NEF I BB YE S B
Ik(2.51+0.04 g/100 g), FRAGFI=FE T RUB 19 SRS &
24 2 (P<0.05) /= F/NZ2 1008y, S i 3.75
F5H15.5 7% SRAVEAAG AR B S/ N2
TEBHRIVERS RN A0 T 0, Hob e 4 i 25 (P<0.05)
X RERE . X RER P A 0 SR AT 4
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Table 3  Effects of purple rice and morel mushroom powder
addition on the dietary fiber content of bread

B RIEEAgE AEHREESSE AR aag
(g/100 g) (g/100 g) (g/100 g)
INAZ THI Y 2.5120.04° 1.97+0.15° 0.53+0.12°
E ¥/ S ) 9.40+0.04" 7.05£0.04° 2.36+0.05"
FNE R 38.9+0.05 27.7+2.71¢ 11.122.66°
Xof HERE 3.74+0.03° 2.82+0.01% 0.92+0.03"
M3 7.93+0.01¢ 5.65+0.03° 2.2740.02°
P3 5.80:£0.02° 3.73+0.18° 2.07+0.19°
M3P3 8.44+0.01° 6.1740.25° 2.28+0.24"
M3P6 8.63+0.01° 6.36+0.12° 2.27+0.13°
M3P9 9.23+0.17¢ 6.96+0.03° 2.28+40.15
M3P12 9.56+0.10' 7.2740.14° 2.29+0.12°

‘Q‘;Z‘Iﬁlzﬁﬁﬂﬁﬁz‘ﬁ’ﬂKlﬁJLbﬁ?ﬂﬁ%@éﬂl‘ﬂ%ﬁ(ﬁﬁﬁﬁ%‘fiﬁ#(P<0.05),
e T/, I ARME S N 2 s, e T
AL B LT 4 o A

[RIES, SRR FI=E T R AN MG 274 . v
VPR AT 45 1 W 35 (P<0.05) = /N 22 gy, H:
Fh, 2ERE BN IS G a4 | nI TR e et A A
)4 28 (P<0.05) 15 T4 K45, 430 2 85 K453 19 3.93
5 4.70 4% . “ENHREBEIN(G.65 g/100 g) XA
VPR AT 4k S BRI RZ I, SR T2 SN (3.73 &/
100 g) o FHr, B8N T 8080 P3 ARG, HOANEE LS
B S X RERE S C R 22 R (P>0.05), A 3
(P<0.05) X TN T =E AR08 19 M3 . M3P3., M3P6,
M3P9. M3P12 A . WSIN T AHF] & & 3% “Fhit
BB EY M3, M3P3., M3P6. M3P9. M3P12 T kf
i, B SRR AW N2 12%, HORE S
Y. MR eSS RN LR EER (P>
0.05) . SEIGE R 5 HANCR FH & & G &2 4idy 5, an
B . KR 184, BUNE ER s gh
AEARAES,
2.3 HEEaLEEMRE

BN N 2 B RS X T A EL 2 A R ) DL 4
MFR 4 15 H, XSFREREAELZE(7.36 ecm’/g) Fe Rk, H 35
T (P<0.05) 2K EM R . MEM R AR
M 3% EK AT 6% (M3P6 FE N B, T
KN 5.89 cm’/g, BEMRT 19.9%, 7E 7] #2328 Fl Y o

A4 BRI RE OB T L 25 B A 1) 5 )
Table 4 Effects of purple rice and morel mushroom powder
addition on the specific volumn and texture property of bread

Eedh HeA(em¥g)  BEEE(N) i3 HEEN)  BERT
XHEEE 7.36+0.44°  281£13.9" 0.95£0.01° 151£5.16"  0.74+0.04°
M3  6.17+0.33° 338+15.6° 0.93+0.01" 291+14.9% 0.71+0.01%
P3 6.72£0.23°  311£23.1° 0.93+0.01* 182+15.0° 0.72+0.01
M3P3  5.94+0.15° 385+19.3° 0.92+0.01° 332+11.8° 0.69+0.01*™
M3P6  5.89+0.03° 429+21.1° 0.92+0.02° 348+15.8° 0.67+0.01%
M3P9  4.76£0.05" 496£10.8% 0.92+0.02° 414+14.6° 0.65+0.01°
M3P12  4.60£0.07° 558+12.5° 0.90+£0.01° 521£15.2"  0.64+0.03"
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SRR S T R A Y, R L 4ER A,
U855 T I = S REEE T, TR R BRI, o
JCRRRALG, M AS- AN T 2 RS A T e A B X
BN R, SRR RIS NS 9% (M3P9 Af
SO, AL AN 4.76 ecm®/g, 2 R T 35.3%.
PR A AR Ko ae i, S 3B RS T T A WK BB T,
e oy A 5540 8 T, DTS2 i v A O 1, sl /DN T
RSl

B ORI 2 i BRDRS o T A5 S5 ) 1) S i) DL 4
MR 4 TTLIE ), AR 3% sl E o
ARER 3% A, 55 %) BEARE S A B, a6 % AF A R nE A4
A2 (P<0.05) B4R, S EFNEESR JImE I R R, Km0y
FAERE Y S TS, RLEEE /N, T LA Hb 5
INZETRYIR A o 15 B R T i 5 FIEE SR S5
Mg/ NROY AR R R T RS AT A, 3% B
SR A5 BT, e T Ak, DA
PEE AR . YRR 3%, ORI G ERY
JINZE 9% B}, EIELIYAEEEXE N T 76.5%, REAEHMESE N
T 174%, 2, St R SR 01 B A T i 3 (P<0.05)
FEAERET 281 SOKMy | SRR RS AR, ARG LT
2E B S SN, S0 AT T B, BEATS T T A A 2k
SRk, A I N RS e T A, JERH IR 5 A R A
AEEILIEARIC IR, AL il S5 RERAIGE M, 5200
7R BCE B, AR IS TR AL TR AL, ANRRAIS T R
24 EE&EEF

LRKOM . SR PR A I X T A € 1 P R T D
5. MNFE 515, R 3% F R AN i
By, AL EZ 1Y LE B3 (P<0.05) BRAK, a™H (£ 4%
) . b(E (FEUE(E) A1 AE((B22{H) 2% (P<0.05) 4
Jine SR 3% A A/ R (P3 BN, T4
Jemy LT b aFl AE(H A8 b # 5 M3 FE 5 —

5 SRR RO 0 ThT 62 (5 3 A R )
Table 5 Effects of purple rice and morel mushroom powder
addition on the color of bread

FEf L a b AE
AL
XTHERE 50.9+0.56° 10.0£0.18" 24.8+0.61°  46.8+0.25"
M3 42.6+0.42¢ 14.3+0.47° 27.6£0.76°  56.3£0.77°
P3 35.7+0.86" 11.6£0.34% 29.1£0.85°  62.4+0.39¢
M3P3 36.8+1.25° 10.8+0.33° 29.0£0.29°  61.2£1.04°
M3P6 35.4+0.26" 10.6+0.07® 28.4+0.35%  61.4+0.21°
M3P9 33.4+0.28° 11.0£0.31% 26.3+0.12°  63.0+0.15¢
M3P12  33.2£0.23° 12.1£0.56¢ 23.5+0.14° 62.8+0.12¢
(TR
XTRERE 74.3+2.79 3.71£0.20* 22.5+0.96° 33.2+1.69°
M3 59.4+0.05° 2.79+0.11° 17.4£0.22°  34.9+0.08°
P3 37.8+0.81° 12.0£0.39" 29.9+1.06¢ 60.9+0.53°
M3P3 36.3+1.14° 11.7£0.49" 31.240.71¢ 62.8+1.12¢
M3P6 37.8+1.32° 11.940.38%%  30.2+0.54%  61.1£0.87°
M3P9 32.5+0.23" 11.2+0.09° 30.9+0.41*  65.9+0.06°
M3P12  33.3+0.99° 12.241.04° 24.7+0.35°  63.1+0.77°
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Fig.2 TImages of bread with different formulations
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Fig.3 Sensory evaluation of bread with purple rice and morel
mushroom powder
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Fig.4 Invitro digestibility characteristics of bread with purple
rice and morel mushroom powder
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