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Abstract: In order to develop the nutrition and unique flavor of Malus prunifolia jam, the process optimization and product
development were used by Box-Behnken response surface method with the addition of Malus prunifolia pulp, honey
pomelo peel pectin, white sugar and concentration time as factors and sensory scores as response values. The sensory
indexes, physical and chemical indexes, microbial indexes and quality characteristics of the finished products were
measured. The results showed that the optimum processing conditions of the Malus prunifolia jam were 77.7% of the Malus
prunifolia pulp, 5.0% of the honey pomelo peel pectin, 17.3% of the white sugar, and the concentration time was 17 min.
The results of sensory indexes showed that the Malus prunifolia jam made under the optimized conditions were tasted sweet
and sour, and presented bright red orange color. Physicochemical index results showed that pH of Malus prunifolia jam was
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4.41, total acid content was 5.14%, total flavone content was 31.40 mg/100 g, total sugar content was 10.26%, soluble solid

content was 40.61%, vitamin C content was 7.61 mg/g. The results of microbiological index showed that the total number

of bacterial colonies was 50 CFU/g, mold, coliform and Staphylococcus aureus were not detected. The results of quality

characteristics showed that the Malus prunifolia jam belonged to pseudoplastic fluid, the storage modulus (G') and loss

modulus (G") of Malus prunifolia jam increased with the increase of oscillation frequency, and G™>G", showing the

characteristics of elastic viscoelastic body. And the most volatile flavor compounds were a-farnesene, methylheptenone and

2, 4-di-tert-butylphenol. The development of Malus prunifolia jam has a certain significance to enrich the product types of

Malus prunifolia, improve the edible convenience of Malus prunifolia and promote the development of the industrial chain

of Malus prunifolia.

Key words: Malus prunifolia; jam; response surface optimization; physicochemical property; quality characteristics
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Fig.1 Malus prunifolia jam production process flow chart
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Fig.2 Effect of addition of Malus prunifolia pulp on the
sensory quality of Malus prunifolia jam
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Fig.3 Effect of addition of honey pomelo peel pectin on the
sensory quality of Malus prunifolia jam
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Fig.4 Effect of addition of white sugar on the sensory quality
of Malus prunifolia jam
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Fig.5 Effect of concentration time on the sensory quality of
Malus prunifolia jam
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Table 3 Experimental design and results of response surface
optimization for sensory rating of Malus prunifolia jam

T4 WHFRRE R VA K R A ZR A0 [ E S BT
Table 4 Sensory score model of Malus prunifolia jam and
regression analysis result of regression coefficient

R AMHEFRK BHIFRRK Crmbh Dk YEEITS
Lvass

wni wni dhndk E 73)

1 -1 0 -1 0 28.32+0.80
2 1 0 -1 0 34.44+0.64
3 -1 0 1 0 28.08+0.83
4 1 0 1 0 33.28+1.28
5 0 -1 0 -1 34.72+2.35
6 0 1 0 -1 31.84+0.52
7 0 -1 0 1 34.36+0.44
8 0 1 0 1 33.84+2.72
9 -1 0 0 -1 27.08+1.01
10 1 0 0 -1 33.48+0.32
11 -1 0 0 1 30.72+1.16
12 1 0 0 1 34.24+0.98
13 0 -1 -1 0 32.04+1.08
14 0 -1 1 0 34.16+0.80
15 0 1 -1 0 35.48+1.24
16 0 1 1 0 29.72+0.68
17 -1 -1 0 0 28.80+2.24
18 1 -1 0 0 32.52+0.60
19 -1 1 0 0 25.28+1.35
20 1 1 0 0 33.76+1.16
21 0 0 -1 -1 32.16+0.56
22 0 0 1 -1 34.88+0.36
23 0 0 -1 1 36.92+1.40
24 0 0 1 1 35.08+0.48
25 0 0 0 0 37.96+0.56
26 0 0 0 0 37.84+1.04
27 0 0 0 0 39.12+1.60
28 0 0 0 0 37.72+0.36
29 0 0 0 0 38.96+1.32

He BETM AE ¥ FE PE REHE
R 350.55 14 25.04 4545 <0.0001 **
AMGHFRKA NG 93.19 1 93.19 169.15 <0.0001  **
B F R R IRINE 372 1 372 675 00211  *
CHW RN & 1.44 1 144 262 0.1280
D4t [ 10.08 1 10.08 1830 0.0008  **
AB 5.66 1 566 1028 00063 **
AC 0.21 1 021 038 0.5454
AD 2.07 1 207 376 0.0728
BC 15.52 1 1552 2818 0.0001  **
BD 1.39 1 139 253 0.1342
CD 5.20 1 520 9.44 00083 **
A’ 176.07 1 176.07 319.60 <0.0001  **
B? 64.16 1 64.16 116.46 <0.0001  **
c? 29.71 1 2971 53.92 <0.0001 **
D? 15.48 1 1548 2811 0.0001  **
B2z 7.71 14 055
ERiu 5.94 10 059 134 04167 ns
4Rz 1.77 4 0.44
syl 358.26 28

R,;=0.9569 C.V%=2.23
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Fig.6 Response surface plot of the effect of interaction on the sensory score of Malus prunifolia jam
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Table 5 Results of color difference and texture determination

of Malus prunifolia jam
=] 5 4
LA 37.12+0.51
afl 8.96+0.69
bA 4.07+0.11
iz (g) 173.83+15.04
it (g) 0.77+0.09
MR (g) 0.50+0.02
Fhitk(gs) ~75.56+18.67
NELIEEEE (g) 67.30+8.23
B (g) 87.41+6.24

Sy S LH L URAS . BTG 25 SR T 0, 1 3R AR
RGO REE Sy 173.83 g, #MHESN 0.77 g0 WM
0.50 g. &t —75.56 g-s. THEE N 67.30 g. BEE
A1 87.41 g, LRI HE IR BT — 5 IR,
NELIERPHEL -
2.4 FERIBARMEYEFREINER

AR e A T2 S80I i v 5 S R e, BRIk s
FRUNZE 6 Fi7s . pH A 4.41, MRS HE 5.14%, BB
& 31.40 mg/100 g, B 10.26%, A %M
TEW & 40.61%, 443 C & & 7.61 mg/g. W/E
PRSI 2385 2L b 3 g SR SR R TRV B Bk 50 CFU/g,
TEp . RIGATFIE . Ao U A BRI A5 ARG Y, A7
FE Al T IS S B3 R AR LR P8, 7= i
=1

F 6 MEEFIFEIAL KA YE bR

Table 6 Physical, chemical and microbiological indexes of

Malus prunifolia jam
e e
pH 4.41+0.01
B2 (%) 5.14+0.12
BT (mg/100 g) 31.40+1.07
BB (%) 10.260.53
AIAERDEY (%) 40.61+1.46
i FEC(mg/g) 7.61+£0.12
FVE SA(CFU/g) 50
# (CFU/g) A H
Kt (CFU/g) A H
%R E (CFU/g) A H

25 BRERRENREFFHFIENE

P&l 7 (a) Bt A g SR R RS R B B DY D) AR A2
feihgl. MIE AT UG Y, RS 8T UTE R a8 i,
HERIAG IR B LR T B, IX UL TR SRR
P HATBIBVERMAAIE, BAA REFAIAETER . 2407
VTR NS, AR N, TR iR L
R, i A DY DI SR A R, BEMLIESE I0 SR b
T EEA R, BT S DI 5 1) R HES P, R
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Fig.7 Rheological properties of Malus prunifolia jam
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Table 7 Relative contents of volatile flavor substances in Malus prunifolia jam

eSS RIS XS (%) xR (%) ARAR
I e 0.33 it iR
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FhE 0.74 BT EYS BOR
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