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Formulation Optimization and Quality Analysis of Moringa Seed
Multigrain Bread Based on Fuzzy Mathematics

LU Junli"", REN Zhilong’, YUN Yueying', GUO Hui'

(1.School of Life Science and Technology, Inner Mongolia University of Science & Technology, Baotou 014010, China;
2.Baotou Light Industry Vocational Technical College, Department of Food Biology and Detection, Baotou 014035, China)

Abstract: In order to meet people's demand for nutritious food, bread was taken as a carrier, and fuzzy mathematics and
sensory evaluation method were adopted. Based on sensory score, the recipe of Moringa seed multigrain bread was
optimized by single factor and orthogonal experiment. On this basis, the physicochemical and bacteriostatic characteristics
of Moringa seed multigrain bread were analyzed. The results showed that the order of Moringa seed multigrain bread was
as follows: Moringa seed supplemental level>Job's barley supplemental level>red bean supplemental level>sweet potato
supplemental level. The optimal formula of moringa seed multigrain bread was as follows: Milk content 34%, butter content
7.5%, whole egg content 40%, yeast content 0.8%, white sugar content 5.1%, Moringa seed content 2.6%, sweet potato
content 2.1%, red bean content 1.6%, and Job's barley content 2.1%. The fuzzy mathematical sensory score of the bread
under this formula was the highest (86.35), and the bread was full flavour, soft and palpable. The peroxide value, acid value
and total number of colonies were all in line with national standards, and the protein content was 5.6 g/100 g higher than
that of ordinary bread. After storage for 5 days, the increase of acid value of Moringa seed multigrain bread (25%) was less
than that of regular bread (40%), and the increase of peroxide value (20%) was also lower than that of regular bread
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(73.7%). Meanwhile, the number of bacterial colonies in regular bread was 3 times higher than that in Moringa seed

multigrain bread, which indicated that Moringa seed multigrain bread had certain rancidity delay and antibacterial effect.

The results of this study could provide useful reference for the development of Moringa seed multigrain products.

Key words: Moringa seed; multigrain; bread; fuzzy mathematics; quality
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Table 1 Factors and levels of formula optimization

of bread
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Table 2 Sensory evaluation standards for Moringa seed multigrain bread
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Fig.1 Effects of different factors on the quality of Moringa seed multigrain bread
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Table 3 Statistical table of sensory evaluation score weight

. & 15—k
N

U, U, U, U, U, U, U, U, U, U,

1 10 40 15 20 15 0.10 0.40 0.15 0.20 0.15

2 15 30 20 15 20 0.15 0.30 0.20 0.15 0.20

3 15 30 20 25 10 0.15 0.30 0.20 0.25 0.10

4 20 35 10 15 20 0.20 0.35 0.10 0.15 0.20

5 20 40 10 10 20 0.20 0.40 0.10 0.10 0.20

6 10 20 25 30 15 0.10 0.20 0.25 0.30 0.15

7 15 45 10 10 20 0.15 0.45 0.10 0.10 0.20

8 5 45 10 15 25 0.05 0.45 0.10 0.15 0.25

9 10 40 20 15 15 0.10 0.40 0.20 0.15 0.15

10 10 35 10 15 30 0.10 0.35 0.10 0.15 0.30

SEHME 13 36 15 17 19 0.13 0.36 0.15 0.17 0.19
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Table 4 Statistical table of fuzzy mathematics sensory evaluation
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1 2 8 0 0 5 4 1 0 3 5 2 0 2 6 2 0 4 5 1 0
2 3 5 2 0 5 3 2 0 1 5 4 0 3 4 3 0 4 3 3 0
3 0 4 4 2 1 5 4 0 1 6 3 0 3 5 2 0 0 3 3 4
4 2 4 2 2 2 5 3 0 3 4 2 1 4 3 3 0 2 4 3 1
5 1 6 2 1 1 6 3 0 2 4 3 1 4 3 2 1 1 4 5 0
6 3 5 2 0 6 4 0 0 4 4 2 0 5 5 0 0 4 6 0 0
7 1 5 4 0 1 4 4 1 1 4 5 0 2 4 4 0 1 5 3 1
8 1 4 4 1 0 4 4 2 2 5 3 0 1 5 3 1 1 3 3 3
9 1 4 5 0 1 2 6 1 1 4 4 1 1 6 3 0 0 5 5 0
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Table 5 Sensory evaluation result set of orthogonal experiment

#7 AR

Table 7 Comparison of physicochemical indexes of different

of bread breads
AERIgiie S PREA S ISR ey EERAR Fatfr (meg/g) THAALME (/100 )
Y, (0.3610.520.1190) 82.42 (/100 g) 0d 5d 0d 5d
Y 0.361 0.373 0.266 0 HANE
: ( ) 8095 ﬁﬁg% 16.4£1.03° 0.24+0.06* 0.30+0.01> 0.020+£0.001° 0.024+0.001°
Y, (0.102 0.464 0351 0.102) 76.99 i
Y, (0.249 0.419 0.272 0.06) 78.57 LimAL 10.8+£0.18" 0.25+0.03* 0.35+0.02* 0.019+0.002* 0.033+0.003*
Y, (0.166 0.481 0.308 0.045) 77.68 1 BPAR FRFROR Y 2 825 57 B3, P<0.05,
Y, (0.476 0.468 0.056 0) 84.20 N
5 dJS3 FT-KH 22 A~ 0.30 mg/g, 1
Y, (0.117 0.432 0.396 0.055) 76.11 I Ef**?*ﬂ+*ﬂﬁ@@a1ﬂ H v mee. m
o Sz Y 7 > 0,
Yy (0.079 0.413 0.349 0.159) 74.12 Iy 25%, LR A 0.35 me/g, BT 40%.
Y (0.081 0.381 0.487 0.051) 74.92 FRANFLR T LB A AR P, Bepr AR inme 2 /N T

©

IEAIRIG LR UL 6.t 6 RN, FENFHUACKT
LR AL T S ASD>C>B, BIFACK- 8 N>
BRSLL T >4 PRI . I T 2R 2
A,B,C\D,, RIBRACKF TN & 2.6%, L Pe TS
TNEA 2.1%, LLE ERTINTE R 1.6%, BRI EINE
M 2.1%. FEFIREC T SR TR RS, 15 2B E T
Syd 86.35, i TIEAS G AT —4H . AR il e
P TR ELIAE AR, G5, MAIGE 1

# 6 IELIRBITAN G

Table 6 Sensory evaluation results of orthogonal test

W&

S AT
RS kK saE® o pgk s
1 1 1 1 1 82.42
2 1 2 2 2 80.95
3 1 3 3 3 76.99
4 2 1 2 3 78.57
5 2 2 3 1 77.68
6 2 3 1 2 84.20
7 3 1 3 2 76.11
8 3 2 1 3 74.12
9 3 3 2 1 74.92
k, 80.12 79.03 8025  78.34
k, 80.15 77.58 78.15  80.42
k, 75.05 78.70 76.93 7656
R 5.1 1.45 3.32 3.86
Pk A, B, C D,
FRHAZE A>D>C>B
23 B ARELRIRILIET
2.3.1 AP EARNEE BRI AL

FA B e i TR A S A B B 5.6 2/100 g (UL
2 7)), VAW IBUAOKF 45 50k AT 25 e e b 2R
BT 5L (P<0.05) o IX AR BIAKF b A
37.8% PR BT, w4 S 8 1 BRh sE50) Y, T4
e TATEL A P B B BRI A0 R i S A S
ST A, Al A B A B B E R AT
P, SABFFELS ARG .

2.3.2 MHERIMRME  BARFZURAEAETE 0 d 1)

IR N 0.24 mg/g, Frf @A AR 0.25 mg/g,

P TR B TR B 447/ T ERMEL( < 5 mg/g) (WL 7).

3B L ARG IR RE . SRR FAEIER BN, <3
A S HE L T TR P R IBGH R (P<0.05) -
2.3.3 MM EE  BAFF IR AIAE 0d 1Y
i S AIE N 0.020 g/100 g, 776 FE ZbRiE( <0.25 g/
100 g)(WL3 7), fifif7 5 d Jeid S (BN 0.024 g/100 g,
HETN 20%. I mE A AE 0 d B A R & =
0.019 g/100 g, fFAk 5 d Je ik EALME & =/ 0.033 g/
100 g, 5 0 d Pyt S A (B AE LRSI 73.7%, SR B Z%
AR N AT ok =2 RA A T G AR B 1] 19 1 A AR M (P<
0.05). I THIAK &AM N ZF Mt
YA B T A R R U gl S|k, RS i b g
BT AR R0 AR, BOKREE BTEAL/E R,
HEA M2 T iR A A A R, R mT A 4%
ERFG I SRR, SASF RS A —3.
24 HBHEEZEDSHNE

FRAKT ZH 1653538 AL AE O d A TR Bl
<10 CFU/g, fF A EZhRME. 1AL 5 d JEHARA T
AR TR S PR VR B ES Rh 774 CFU/g; A i
FER BB TRE BB ZE SN 2620 CFU/g( L3k 8), Xtk
U EBERT B, i 5 d )5, Ml AL R TR R L
BRAKF AR AL PR VB 3 5. DLIHBIARK G251
W) 420 1) S T R T LA S 2 T 4, v B 9 R 80 1 o e
B, XEEAFCY dg Hh, HORFFHR I BAT =R Fa
RE AN . FEBECS 8 Y A5 & vl nT B
TG P 00 B, TR RN ESCE R R I S I X AR
21, SGAWITELERAA) G -

£ 8 A AL b VR SE AL
Table 8 Comparison of the total number of colonies in
different breads

. % SE(CFU/g)
FERM AR FRAE(CFU/g)
0d 5d
BRAKFHLZ AR £ <10 774 10
5 T <10 2620 N
3 4p

ARSI i A TE ARG A BRAKF AR TH 4%
R AR T A SRACKF AR >R BN >4
BN PR BN, S TR A BB P A
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i T EL R B AERC T 2 AR5 34%, Biih 7.5%, 4=1R
W 40%, BRSNS 0.8%, FINHER NG 5.1%, B
AKFEEINEL R 2.6%, LU VRIITINE N 2.1%, 41
RIS 1.6%, BORAGESINE N 2.1%. 7ELEAC
7 AL AR B4 B B P4 =1 (86.35 43, kst
M AIME 5ERE, BRIEHAR, FARGE 1. A T hilis
AT AL A TR . BRIV BT I ShR it
BEHh, WoAF 5 d &, BRAOKS 2% 0 1T 6L 12 A 19 T i 52
(25%) 7N 3% 38 18] A2 (40%) , 2o S0 A0 (B 3 o ieg
(20%) AR T8 1. (73.7%) , IS, 23 A PR v
AN PRI Z 3 A5, DA SCRONTFESE Aok
T, PRAKF ORI AL HAT — R 1Y E 52 IR VKRNI BT 3K
SR, HOATEEE ML BA A 1 T — 2B WF5Y, it n]
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