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Formula Optimization and Nutritional Characteristics Analysis of
Pumpkin Whole Wheat Steamed Bread

RAO Ying, FENG Xiaoping, ZHENG Jing, LI Anlin, XIONG Shuangli’

(Culinary Science Key Laboratory of Sichuan Province, Sichuan Tourism University, Chengdu 610100, China)

Abstract: In order to improve the quality of whole wheat steamed bread, in this paper, stone-ground whole wheat flour with
low-temperature and low-speed milling was selected, and the natural pigment of pumpkin flour was utilized to study the
effect of the addition of pumpkin flour on the whole wheat flour-wheat flour mixture, and the effects of the addition of
whole wheat flour, the addition of pumpkin flour, the addition of yeast, and the fermentation time on the sensory, specific
volume, and chromaticity of the whole wheat steamed bread. On this basis, the sensory score was used as the response
value, and the Box-Behnken experiment was used to optimize to obtain the optimal formulation of whole wheat steamed
bread and the nutritional characteristics of whole wheat steamed bread were analyzed. The results showed that the influence
of each factor on the sensory scores of whole wheat steamed bread was in descending order: the amount of whole wheat
flour added, the amount of yeast added, and the amount of pumpkin flour added. The optimal formulation of whole wheat
steamed bread was 55% wheat flour, 45% whole wheat flour, 10% pumpkin flour, 2% yeast, and fermentation time 40 min.
The sensory score of whole wheat steamed bread prepared under this formulation was 97.23, which was similar to the
predicted value of 97.81. The moisture content of pumpkin whole wheat steamed bread under the optimal formulation was
44.86%, the polyphenol content was 5.47 mg/g, and the flavonoid content was 2.57 mg/g. The steamed bread under the
formulation had a golden color, and prominent aroma, fluffy and tasty, and possessed the unique flavors of pumpkin and
whole wheat. It provides a useful reference for the deep processing and comprehensive utilization of pumpkins.

Key words: pumpkin; whole wheat; steamed bread; response surface; formulation; nutrition
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Table 1 Response surface experimental factors and levels

KF AREMEINE (%) BREJBEING (%)  CREREES NG (%)

-1 40 5 1.5
0 45 10 2.0
1 50 15 2.5

1.2.3 g2k T

1.2.3.1 2EEIREFIMN  BRE IR 7 AR
GB/T 35991-2018 CHEIMA LG /NZZ 318 Sk in T4 B iF
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1.2.3.2 &FELAENE SFELHFENES
FETEZESENY TR, 3 /IR e I 4518 Sk 1)
AR, 182 Sk AAFR 518 Sk 1) o i 1) ERABL R AY R .
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Table 2 Sensory evaluation standard of whole wheat
steamed bread

WEH 41004 Wb
RHOCVERF . Hia3—(8~10)
KEEHE 10 A (47)

FEIRME | Bl AR —(1~3)
R EOGH HIEARAFR(11~15)
FAE(6~10)
TN AW A RO SGRBN R (1~5)
PIFRALAE/N B A3 5) L 2K (11~15)

eI 15

PR 15 45(6~10)
LKA S 50 T 5% (1~5)
R AWK ML TR (11~15)
i 15 4 (6~10)
I S 1 L AR Gl R L AR 38 1~5)
PIbER . B (11~15)
e 15 1% (6-10)
T @St T RE(1~5)
NELIER A 98 11 R 2 (8~10)
itk 10 1 (4~7)
NELVEAE AR 1T, & ZH(1~3)
MRSE EH AT A SRR . T HR(8~10)
S 10 HEE(4~7)
|5 (1~3)
FHARE LA | TEFHR(8~10)
SUS 10 HhaE(4~7)
A5k, TTAFR(1~3)
SE AL GBI/ INZZ R RS A8 Sk X RRZH . 18 sk sk 4y

HRPE GB 5009.3-2016 & 5h 44 [E FbnifE &Pk
SN RE YA TINAE ; 18 Sk 2T & f S MR A= fr 4= 4™
FA 7 25000 7 - TR IBORE ¥R 0.5 mL, In A KR AR ik
7] 0.75 mL, INAJBT & 5350 10% 1Y Na,CO; i3]
1.5 mL, 42 10 mL, £ 35 °C /KB 30 min,
TE 765 nm AbPURE KGR, 60% B AR ZS A X
M, LPEEIT TR y=4.62x+0.0494, R?>=0.9996, 12
Sk BTN B S FROO AT 19 7 v e - R BURE A TR
0.5 mL, iLA 0.05 g/mL WNEASIRERA UK 0.5 mL, 3%
Se¥gs), BE 6 min, WSHN 0.1 g/mL BYAH BR 4515 W
0.5 mL, #5558 6 min, LA 0.04 g/mL FE AL
FNEEME 2 mL, $RAIEHE 15 min, ] 75% JBEESS, 76
510 nm AL RE R SCREE . £8P BT J5 F2 . y=9.505x—
0.0234, R*=0.9994,
1.3 B

FRFP AL ERAE FINE 3 WK, G5 RS EbR 2=
R/~ iz JH Micosoft Excel 2019 Fll Origin 2021 %X
X 42 2 08 S A5 T S BT HR AR A T AR G o T S 3R
B, SPSS HfFitA 1w = Mo T, 8K P<0.05,
“KJH Design-Expert13 A0 55047
2 BERSHR
2.1 FERIMEITE S REF RIS

FH# 3 AT, BTV S INETE 0%~20% MK 3R

BT, 78 20% B RoK R B RME . R A AT RE
S NG WK BB B AT 28 8, S TR T i
T AR U S, AT R i 1 A i I OK R  HE
25% BF WK FRIT IR R R, v GBS T E AT & A
BT D, SEOROKER T R, BARIEE A frit—20
RIY o BEAE FE TR P S I X B, 76 0%~20%
FasE ila] 25 R P (P<0.05), JE R AT BB 2R U BU s
IR T 1R A8y I ER [ B2 (A 2548, 2 BRI %
T 2 T A i R AR 5SS 8RR A B TR] R . AR
25% I B2 _EFF(P<0.05), JE R A] G2 my TR 4%
Sy T Z DB R T ACHR IR E5 4, 55 T AT 25 AH BAE
F A2 2R AR &, B T R R, 25
ST, BB R AIERTE 10% ZoAa I oK S48 w3, 551k
BE°4 146 FU, UBdBH T BLES i T a4 T 158 55 i TRk
H, HEPE 10% MRS BB IR A .

£ 3 FREIEXHE A ¥R BUREE e
Table 3 Effect of pumpkin powder addition on the farinograph
of mixed powder

OB AR it Y & TE st ] FoERE 554k
(%) (%) (min) (min) (FU)

0 69.80+0.30°  13.90+0.40°  8.30£0.30°  510+23°

5 70.80£0.20°  9.50+0.10°  7.30+0.80°  514+15°

10 70.80£0.10¢  7.10+0.40°  4.40+0.50°  146+17"

15 70.90+0.50°  6.7040.30°  3.60+£0.10°  167£12°

20 72.80£0.20°  7.20£0.70°  3.50+0.40°  154+9°

25 71.70£0.10°  7.20£0.20°  3.70+0.10*  159+10*

T R [E BB S TEAN TR 7R 2R 22 5 3% (P<0.05), R F-RE R
A (P>0.05), F4~347, F10[H .

22 BREREIWERSSN

2.2.1 EFEBIEASIEN A2 MRS R AR I 1
AL, AN 45% I, BB PE/ AR K
{8, #t 45% BHECE PR SRR RE, EPRIE 2 a0 4
A Hy xS B S i AR G, TEORLRS, T 2 2
BER R BEAEZ28 LU BRSO, 12K i LU
Ra, AT BEIE DA Dy 42 TaT A v 0 T A 5 2T AR EAE
IR T AT 2, s AR B, (i Sk ) o i A Al

90 r . . 24
85t a A\ o WA {122
R 80} b by 120 5
= 3
ﬁ 75 \ 1.8 §,
fm 70 . 16 &
i) o = - d -
65t R 1.4
60 . ; 1.2

4‘0 4‘5 5.0 55 60
LB (%)

BT RN X 4 22 18 S BB R L 25 1 S
Fig.1 Effect of whole wheat flour addition on sensory quality
and specific volume of whole wheat steamed bread
T AN ) B3R 22 5 18 2 (P<0.05), MR IR - BER R AN

BF(P>0.05), Kl 2~ 4 [F].
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FH & 4 NN, B A28 Byas i A, 185k iy
L. " b7 .3 (P<0.05) . 23218310 L4 %
FHRER(P<0.05), a™{H . b H W E 1IN (P<0.05), 123k
ARG, Jla) eoke (0, X AT GESE R 228k R T2k
B B E, USRS B AR, X8 Sk e B i Y
AR, 2G5, &S INETE 45% A2
S | R RS T, EAR S W S ez

R4 RAHUSINEX 228 K O RER

F 2 5 AT, 1Sk B RN SL By LT, a” BT S
BN BEAE P TOBT B BRI RGOS, LB Hisl)s, o (8.
bEZE T, UL S (G AR I, B W 212
10, X A RE-S R T AS B 3 MG F A i SO A
KN EEG TR RIE R T BRI 10% ZeAa1n, 12
Sk HEADCEE, GO A B L2 B, R B RIE
T IERIESROEL. DI ATAVE y TR S IR v

25 mEINEXT 22 18 3k R
Table 5 Effect of pumpkin powder addition on the color of
whole wheat steamed bread

Table 4 Effect of whole wheat flour addition on the color of B TR (%) r a b
Wwhole wheat steamed bread 0 81.72£0.056°  5.41£0.02"  16.5620.04'
BERL AR (%) L a b 5 77.25£0.08"°  6.71£0.07° 26.11+0.12°
40 18.45£043° 6.3920.07  15.900.03° . 10 75.15+0.17°  8.67+0.03°  34.03+0.09*
45 77312072  6.56£0.05"  16.4140.03¢ 15 72.67+0.11°  10.91:0.03° 37.150.13
183z 50 76.524020°  6.65£0.04° 17.35£0.02° 20 71.870.09°  11.60£0.01"  40.62:0.15°
55 75.03£0.550 7142005  17.76£0.01° 25 70.13£0.117  123920.03° 41.810.04°
60 74695037 7.32£0.03°  18.15+0.05° 0 81.35£0.09"  5.79+0.06"  15.90+0.06'
40 70 1120.53°  6.42£0.08° 15.83£0.05¢ 5 76.38+£0.13°  6.94+0.09°  27.35+0.09°
45 78.344052°  6.5320.06° 16.51=0.03 (B30 10 74.37£0.12°  8.66+0.08"  33.55+0.06
33 50 76.32£020°  6.55£0.07°  17.42+0.05° 15 732740.15'  10.16+0.08° 36.87+0.06"
55 75240550 7.17£0.05° 17.86:0.04° 20 70.21+0.18°  11.55+0.09" 40.16+0.10°
60 TA77H039°  T42£0.04°  18.3540.05° 25 68.56£0.16" 12.81:0.07° 41.1420.27*

2.2.2 BRI AR S TR A 2
AR, BEAE F T B I S 22, 76 10% R JTOB S i
I, R PR B2 T AL B (P<0.05), 18 3k
A, PG, mATEAR AR L 10%, 123k
BB AR s (o, I BT R, TR L. AR
HEE R B, 76 10% BB R . Al B /e
JIO HR T A S5, BB 5K I A7 X 495, 2 g el
THTAVARRIE I . ik Z2 AR IO 238 IR 4, 25410
il T 1513 O 245 BT 1, T 3 BE B AR B I, 12
PO | FAPEREARY . BBk ny LA
RS NI, BTSN ZKHERY 5%~15% .

2.2.3 BERTHINEN LN ENER HE 3
ATH, B BERE I 1% B3ImE] 3% i3, BB P4
A S By Se T b BRI a4, 2SI R s
M 2% B, BB P4 EL SR B i R, 18 sk i3l
MG, B AT 52 MBS T 2% B, 12
S RPEASTESY, FERLTFFE A 1 A SRR KT
2% B, B REERE R o &2, SR Al P e A R
AR, AR IR AT B b 2 2 A T A e S e Sk
M EEARRAIR, HL2sr= AR e ZIIPIE I, S BURE 9
B o PRIk, PR S i 09 P K ST LA 1.5%~
2.5%.

92 ¢ ,
a v REVES {23
90 | g3 WUH 22
& ss} D 121 5
&K b1 120 2
=86+ 11.9 Z
Jm ¢/ Y
% v e l1g =
*84r d T ad
117
!e \J
L L1
82r & l1e

88 s 12.4

36 b a - RS

gaf © a1 e HE {22
~ab 1"
X I b 2.0 &
— 80 I \d 3
Sosp © \¥ 18 &
m 76[ \. &
#® 74T a8 L6 =2

72 F :\ f

70+ €y 14

8L : : : : L1

o 5 10 15 20 25
RS I (%)

B2 R IO AR I 0T 42 22 08 Sk SRR B AR L 25 (A 5

Fig.2 Effect of pumpkin powder addition on sensory quality
and specific volume of whole wheat steamed bread

B SRS T 2 A PR M 3R, MR
B BB IN £ B 3 R A B S A3 (P<0.05), LB
mhse B, (BRI N B S R . LTS8 Y
HAVIRES  FLIR SRR A 2%

1 jO 1i5 2j0 2j5 3.0
PEERETR I (%)
3 PR BRS I 0 4 22 18 S BB A LA
Fig.3 Effect of yeast addition on sensory quality and specific
volume of whole wheat steamed bread

HiE% 6 N, BERk S & i) 2 /b e e B 1 Sk nY
PERRIE, X PR Sk (RS P AR 520, 18 3k LH(E A
SeTtma ST A S, BERRES IR 2.5% i)
e/ Mk B bUE S 1SR BN b EA —E R 2E SR,



455 % 11

B B, S RN SR U S E SR A <171 -

TS B2 Y b ELRE A B BEAS I 3G 22 AN Wk oG 1 3k
PR pHEESET R R RS X U] T 2 A
BEASHI G AT DAE8 Sk NERAY LI S) | B =, wT LA
TE—ERERE F P mie Sk pse i, [Py Fek)
Kokt o™ 2, ARG, 18 Jid A B,
TEZE T SV H R p 2 B SR 4540, 32 1t i H
B2 S EUE LR B AR LS AR ZrGrpirok
B, BERFUSINE A 2% i, BEORISFRL 10 TS (.

6 BERFUSIIEN A 08 3K A RS2

Table 6 Effect of yeast addition on the color of whole wheat

FUL LA FEGE AL, KSR A 40 min BPSCR B
KT ORI A A A8 Sk (R AR

Table 7 Effect of fermentation time on the color of whole
wheat steamed bread

Fesh KRR (min) L a b’
30 88.12+0.72°  5.60+0.02°  16.42+0.32°
40 79.73£0.34"  5.28+0.16°  15.67+0.46"
183k 50 78.51+0.73"  5.64+0.11°  15.40+0.22°
60 78.39£0.28"  5.39+0.10°  15.23+0.45"
70 77.66£0.22°  5.43+0.18"  14.50+0.24°
30 75.40£0.30°  6.57£0.23*  16.80+0.13"
40 73.84+0.69°  6.50£0.10°  16.31+0.41°
(L=DS 0 50 75.3240.22°  6.48+0.07°  16.50+0.11%
60 78.11£0.25°  5.94+0.07°  16.38+0.13*®
70 79.22+0.58"  5.61£0.14°  15.27+0.13"

steamed bread
R RERRARINGE(%) L a b
1 77.10£0.79°  6.55+0.22°  17.07+0.32°
1.5 77.97+0.63"  6.43£0.12°  17.18+0.06°
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3 67.4+0.43°  7.01+0.22°  15.85+0.25"
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Fig.4 Effect of fermentation time on sensory quality and
specific volume of whole wheat steamed bread
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Table 8 Design and results of response surface experiment

s SES YRCE Y

ASERTINE BRIBNE CREERME (O
1 -1 -1 0 88.0
2 1 -1 0 85.0
3 -1 1 0 91.5
4 1 1 0 79.0
5 -1 0 -1 88.5
6 1 0 -1 77.0
7 -1 0 1 89.5
8 1 0 1 84.5
9 0 -1 -1 83.2
10 0 1 -1 85.0
11 0 -1 1 88.0
12 0 1 1 90.0
13 0 0 0 97.0
14 0 0 0 98.5
15 0 0 0 96.5
16 0 0 0 98.0
17 0 0 0 95.0

2 o nl 1, A K P<0.0001, [91 U9 75 # A9
R*=0.9808, BRI FZIEBRAE R EL R?,4;=0.9561, ALl
WA i 25 (P>0.05) o Ud BHIZ LB vEm0 v 5 L SR
25/, BLEIZ T R LA R AT, BERUAA AL, J7isml
7o ME R AT DA T 00 4= 2218 Sk 9 BB 1457
—IRIL A C 25K 3 (P<0.01); 32 H 1 AB H i
# (P<0.01) . AC 3 (P<0.05); ¥R A*, B, C?
XHECE PS5 Al B35 (P<0.01) o AR¥E F & n] Wt
2 R R XT 422 18 S BB PP-53 S W) R/ NI Sy 422 453
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Table 9 Variance analysis of response surface regression
simulation
ARSI A CFrfM )y P Pl WEME
LAY 9 65426 7270  39.76  <0.0001 Hok
A 1 128.00 128.00 70.01  <0.0001 ok
B 1 02112 02112 0.1155  0.7439
C 1 4186  41.86 2290  0.0020 ok
AB 1 2256 2256 1234 0.0098 ok
AC 1 10.56 1056 578 0.0472 *
BC 1 0.0100  0.0100 0.0055  0.9431
A? 1 17246  172.46 9433 <0.0001 o
B? 1 9400 9400 5142  0.0002 ok
c 1 138.00 138.00 7548  <0.0001 o
B2 7 12.80 1.83
ES ) 3 5.30 1.77 09418 0.4995 AFE
R2E 4 7.50 1.88
RARRE 16 667.06
R=0.9808 R,40.9561

TE: *FORME AL R (P<0.05), **FIRME LA 2.3 (P<0.01)
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Fig.5 Response surface and contour of the effect of whole wheat flour addition and pumpkin powder addition on sensory score
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Fig.6 Response surface and contour of the effect of whole wheat flour addition and yeast addition on sensory score
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Table 10 Difference of nutrient content in different samples

FE ZEEE(mgg) WESEmye) KAEE%)
N2 18 3 5.47+0.04° 2.57+0.06" 44.86+0.06°
Eow DS 4.82+0.04° 2.14+0.14° 44.54+0.11°
A Sk 3.46+0.04° 1.22+40.06° 43.37+0.06°
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