MR EmBE Modern Food Science and Technology 2024, Vol.40, No.9

o) R AU AL R IR B AT A AR AR EBC R L2

BThs, FERE, &8, kE, EXZ
(ARREFRELAFFR, ThEHT 211171)

WE: AR . T RMERG IR MBI NE, ABBEORE RN AREE, B3 LR E Rk
o L R ARACHAE 6] T L BTy, BB & R IR AR Y A e & £ AR, RBHBE RAATLATERATT K
M A AT AGAT M, LR FRRLEREY . PR, FRIK. TR FRRSRE TRkt RiEfmg
2AH 6. 075, 554245 g, BRFBRABAERETFINH AR, RMmEAH 3 g AhiET, SR ETHAEAFMH, L*
8. a* fiAe b* MH A F o MAE S AT BB TR —3; BABEM A 1.55~ 2.68 mm. JRAMEAE 1.83~2.80 N, wEo#i4
FE 4.26~7.40 mj. &AL L* {HLE 30.41~50.56. a* {EAE 8.06~11.29 = b* {H 42 7.32~10.87 Z A iF, R B IFo4itt.
vl B EARAL AR T EBeH A IR 5.8 g F/RIR 0.75 g Lo RARF- M de R RGE T 56 g, vkAE 44 g, HAEEGH % B4k,
K EBE. TRk T AR RS 5] 829 CFU/g. 27 MPN/100 g. 21.9 /100 g #= 26.4 g/100 g, ¥z R HOZ K.
R T T8 & e L RAR T M f B I SN R aAT &, A BT a5 9 B Arelr i, 2 ILIRAR 69 20 R oA An 4 H- A9

teh A
KR B AR & £4E; ZhakiE4k4E; Box-Behnken Design
NEHRS: 1673-9078(2024)09-238-247 DOI: 10.13982/j.mfst.1673-9078.2024.9.0923

Formula Optimization of the Jujube, Tremella, and Goji Berry Gel Gummies
Using the Response Surface Method
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Abstract: To develop jujube, tremella, and goji berry gel gummies with unique flavor and health benefits, the sensory
evaluation was considered the dependent variable, and the processing and recipe of gummies were optimized via the single-
factor experiment and response surface method. The texture characteristics and color difference parameters of the gummies
from each experimental group were simultaneously measured. Finally, the microbial and physicochemical indicators of
gummies were tested according to national and industry standards. The single factor experimental results indicated that
the optimal amounts of gelatin, xanthan gum, concentrated jujube juice, tremella, goji berries, and rock sugar to be added
are 6, 0.75, 55, and 45 g, respectively. Furthermore, konjac gum had little effect on the sensory score of gummies; therefore, 3 g
was recommended. The influence of various factors on the chewiness, L*, a*, and b* values of gummies was consistent
with the sensory evaluation. The sensory score improved when the elasticity of the gummies was between 1.55~2.68 mm,
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adhesiveness was between 1.83~2.80 N, chewiness was between 4.26~7.40 mj, L*value was between 30.41~50.56, a* was

between 8.06~11.29, and b* was between 7.32~10.87. The response surface method indicated that the optimal process and

recipe were as follows: 5.8 g gelatin; 0.75 g xanthan gum; 56 g concentrated jujube juice, tremella, and goji berries; and 44 g

rock sugar. The total colony count, coliforms, weight loss due to drying, and reducing sugar of gummies were 829 CFU/g,

27 MPN/100 g, 21.9 g/100 g, and 26.4 g/100 g, respectively, which all met the necessary requirements. The jujube, tremella,

and goji berry gel gummies prepared with the optimum recipe exhibited a reddish brown color, good transparency and

chewiness, strong jujube flavor, and an aroma of tremella and goji berries.
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Table 1 Design experiment of factors and levels
PSR EHREOR RFION  RETR ER

i hoElg /g /g Ang/g Aog/g
1 4 0.50 2.0 50 35
2 5 0.65 2.5 55 40
3 6 0.70 3.0 60 45
4 7 0.75 3.5 65 50
5 8 0.80 4.0 / /
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Table 2 Sensory evaluation criteria of gel gnmmies with red date, Tremella and Lycium chinense
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Table 3 Effect of gelatin addition amount on texture

properties
PIARmE/g M /mm JRFEME/N R /mj
4 2.30+0.032° 2.01+0.010° 3.29+0.195°
5 1.69 £0.023°  2.50+0.015° 4.94+0.511°
6 1.61£0.012° 2.80+0.011° 6.48 +0.380°
7 1.98+0.021° 2.81+0.012° 5.66+0.327*
8 2.08+0.017° 3.19+0.021° 5.45+0.412°

E: RIZREAR FHEATEFARAEE (P>0.05), A
ETHBRFHATERSE (P<005), FAR.
R4 BREERMEN RAAE R 200

Table 4 Effect of xanthan gum additive amount on texture

properties
FRIEARIE /g Mb/mm RASH/N e /mj
0.50 1.72+0.005° 2.63+0.015° 2.43 +0.145°
0.65 1.60 £0.025" 2.30+0.012° 2.83 £0.125°
0.70 1.57+0.015° 2.20+0.030° 3.47+0.220
0.75 1.55+0.006° 1.83+0.015" 4.53 +0.400"
0.80 1.33+0.015" 1.83 +0.035" 3.69 +0.300"

& 5 BFRRMEN FAAFF TR R

Table 5 Effect of konjac gum addition amount on texture

properties
BEF R AmE/g M /mm BRAEE/N v /mj
2.0 1.63+0.031° 1.87+0.058° 4.10 +0.300"
25 221%0.025' 2.08%0.020° 4.56+0.451"
3.0 237+0.015° 2.65=0.015" 4.98 +0.690"
35 2.52+0.020° 2.11+0.040° 4.71+0.351°
4.0 2.65+0.021° 2.10 £0.044° 4.52 +0.220°
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Table 6 Effect of concentrated juice addition amount on
texture properties

Rt iimg/g 3 /mm FRAEME/N v /mj
50 2.67+0.006° 2.64%0.015" 7.03 +0.200°
55 2.68+0.080° 2.76 £0.055" 7.40 +0.300°
60 230£0.015" 2.42+0.021° 5.62+0.153°
65 1.78 £0.025° 2.04 +0.025° 3.63 0.200°

R 7 KEERIMEN BRI

Table 7 Effect of rock sugar addedamount on texture

properties
KAERmE/g M /mm FEFEHE/N "H4 4 /mj
35 2.04%0.021° 1.72+0.010° 2.22 0.166°
40 1.90+0.030° 2.02+0.023° 3.82%0.085°
45 1.91£0.020° 2.24+0.045" 4.26+0.153"
50 1.91+0.006° 2.38+0.025° 4.03+0.125°

& 8 R AMENBESHINFN
Table 8 Effect of concentrated juice additive amount on color
difference parameters

KRG A E /g L* a* b*
50 30.11 +0.045° 11.09 +0.015" 10.04 +0.050"
55 30.41 £0.055" 11.29 £0.025" 10.87 = 0.015
60 30.47£0.210° 6.81 £0.080° 7.15*0.075
65 28.98 +0.145° 6.35+0.035" 6.95 +0.085°

9 IKEERMEX BESHHF
Table 9 Effect of rock sugar additive amount on color
difference parameters

KAERAE /g L* a* b*
35 23.50 £ 0.065" 4.45*0.030" 4.97 +0.015°
40 35.96+0.015" 7.590.055' 5.14 %0.030¢
45 50.56 +0.025" 8.06 = 0.065° 7.32 *0.035"
50 25.44+0.040° 6.11£0.015" 5.82+0.045"
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Table 10 Designandresults of Box-Behnken experiment

ABIR BRI CR&T DA gy

RIe5

HAnE /g o

1 -1 0 0 -1 87.7

2 0 -1 -1 0 81.3

3 0 0 0 0 92.2

4 0 0 0 0 94.5
5 0 0 -1 -1 83.6

6 0 -1 0 -1 83.8

7 -1 0 1 0 86.5

8 0 1 0 1 81.8

9 0 0 0 0 943

10 -1 -1 0 0 86.3
11 0 1 0 -1 79.3
12 1 -1 0 0 78.0
13 0 0 -1 1 80.1
14 -1 0 -1 0 77.5
15 1 0 0 1 78.9
16 -1 1 0 0 78.1
17 0 1 -1 0 74.8
18 0 1 1 0 85.9
19 0 -1 1 0 84.2
20 1 0 0 -1 76.4
21 0 0 0 0 93.1
22 1 0 -1 0 81.8
23 1 0 1 0 80.7
24 0 0 1 1 84.4
25 0 -1 0 1 82.1
26 1 1 0 0 80.6
27 -1 0 0 1 79.1
28 0 0 1 -1 88.5
29 0 0 0 0 94.7
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Table 11 Variance analysis of response surface
regression model

FEXRR FHxf AEE ¥F F1a P1a
) )aAEA 874.55 14 6247  21.61 <0.000 1

A 29.45 1 2045  10.19  0.006 5
B 19.25 1 1925  6.66  0.0218
C 80.60 1 80.60  27.88 <0.000 1
D 13.87 1 13.87 480 0.0459
AB 29.16 1 20.16  10.09  0.006 7
AC 25.50 1 2550 882 0.0101
AD 30.80 1 30.80  10.65 0.0057
BC 16.81 1 1681 581  0.0302
BD 441 1 441 1,53 0.2371
CD 0.090 1 0.090  0.031 0.8625
A? 332.07 1 332.07 114.86 <0.000 1
B? 280.84 1 280.84  97.14 <0.000 1
2 158.45 1 158.45 5481 <0.000 1
D2 188.62 1 188.62 6524 <0.000 1
KRE 40.47 14 2.89
KR 35.88 10 3.59 313 0.1417
Bk E 4.59 4 1.15

K Hm 915.02 28
BEA A8 K A 4K R=0.955 8

AR R, =0.911 5
TREH (CV) =2.03%
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Fig.6 Response surface and contour line maps of gelatin and

concentrated juice added amounts to sensory score
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Fig.7 Response surface and contour line maps of gelatin and

xanthan gum added amounts to sensory score
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Fig.8 Response surface and contour line maps of gelatin

andcrystal sugar added amounts to sensory score

C: 4TS it

) 0
s

L
60 m\

m
4 ey O
Coite, 52 sy o™ O ik 0.75
5, 010 P
Wfﬁ/]ﬁ » e

B: # SR
E 9 BEERSRETHRMENRE LMW ENESLE
Fig.9 Response surface and contour line maps of xanthan

gum and concentrated juice added amounts to sensory score
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Fig.10 Response surface and contour line maps of xanthan

gum and crystal sugar added amounts to sensory score
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Fig.11 Response surface and contour line maps of
concentrated juice and crystal sugar added amounts to

sensory score
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Table 12 Texture characteristics and color difference parameters of gummies from five experimental groups

Xib Ak dlcd EESH BB
WE g Ftb B o L* a* b PN
3 240+0.10 246£023 553+0.14 4748+0.05 8.69£0.02 744+0.01 922+1.1
4 233+0.08 2.25%0.18 564+0.19 4751+0.04 8.66x0.03 7.40+0.07 945+0.8
9 2.32+£0.01 2.54+£0.01 547+0.13 4747+£0.07 8.63+£0.02 7.43+0.04 943%0.6
21 237+£0.02 242+0.02 5.62+0.12 4743+0.02 8.66+0.03 7.41+0.01 93114
29 235+£0.10 230£0.04 546%0.12 4746+0.01 8.62£0.01 743+0.01 947+13
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Table 13 Results of confirmatory test
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2 5.8 0.75 56 44 94.1+0.7 94.2+0.10
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Fig.12 Finished product of gel gummies with red date,
Tremella and Lycium chinense
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Table 14 Detection results of microbial indexes fromgel
gummies with red date, Tremella and Lycium chinense

I H A AR FEAFA i
H %% 44/(CFU/g) 829 <1000 ot
X% & BE/(MPN/100 g) 27 <90 oS
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Table 15 Detection results of physicochemical indexes from
gel gummies with red date, Tremella and Lycium chinense
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