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Abstract: The thermal reaction between the enzymatic hydrolysate of Ziziphus jujuba and caramelized glucose liquid
was used for spice production. The enzymatic hydrolysis conditions for Z. jujuba were optimized through single-factor
experiments. The concentrated enzymatic hydrolysate of Z. jujuba was then mixed with caramelized glucose liquid for
thermal reactions. The optimal process was determined through single-factor experiments and response surface experiments,
using sensory evaluation scores as indicators. The effects of factors including reaction time, temperature, initial pH, and solid-
to-liquid ratio (concentrated hydrolysate to caramelized glucose) on the quality of the spice were evaluated. The product’s

browning index, volatile composition, and antibacterial and antioxidant properties were measured. The optimal enzymatic
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hydrolysis conditions for Z. jujuba were as follows: mass fraction of enzyme mixture 0.28%, hydrolysis time 4.0 h, and

temperature 45 ‘C . The browning index increased as the reaction time, temperature, and initial pH value increased. However,

the browning index first decreased and then slightly rose with increasing solid-to-liquid ratio. Notably, the browning index

did not directly correlate with the sensory evaluation results. The optimal preparation process for Z. jujuba spice was: solid-

to-liquid ratio 3.1:1, reaction time 58 min, reaction temperature 139 °C , and initial pH 6.0. The Z. jujuba spice contained

54 volatile components with a total content of 1 122.54 pg/mL. In particular, furfural, furfuryl alcohol, and 5-methylfuranal

contributed to caramel, sweet, and other aromas. The DPPH radical scavenging rate of Z. jujuba spice at a concentration

of 10 mg/mL was 74.70%. Moreover, the Z. jujuba spice exhibited antibacterial effects against Pseudomonas aeruginosa;

however, these were weaker than those of streptomycin. These results provide scientific evidence to support the development,

application, and high-value utilization of Z. jujuba spice.
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Table 1 Experimental factors and levels of response surface
methodology design for sour jujube spice
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Table 2 Sensory evaluation criteria for sour jujube spice
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Table 3 Box-behnken experimental design scheme and

experimental results

sz A BL BRE C #n¥s D #t RE
A 18] BE pH 14 R =

1 60 150 6.0 2:1 68.12
2 60 140 6.0 3:1 88.81
3 60 140 6.0 3:1 89.12
4 60 130 6.0 4:1 74.88
5 60 140 7.0 4:1 86.92
6 50 150 6.0 3:1 70.82
7 60 130 5.0 3:1 77.58
8 50 140 6.0 2:1 83.51
9 60 130 7.0 3:1 77.92
10 60 130 6.0 2:1 77.27
11 50 140 6.0 4:1 83.32
12 70 140 7.0 3:1 81.49
13 60 140 7.0 2:1 84.28
14 60 140 5.0 4:1 85.58
15 50 130 6.0 3:1 75.38
16 60 140 6.0 3:1 91.55
17 60 150 6.0 4:1 73.12
18 60 140 6.0 3:1 89.50
19 60 150 5.0 3:1 71.81
20 70 140 6.0 2:1 77.18
21 50 140 7.0 3:1 86.22
22 50 140 5.0 3:1 85.02
23 70 150 6.0 3:1 67.17
24 60 140 5.0 2:1 87.13
25 60 140 6.0 3:1 89.78
26 60 150 7.0 3:1 72.45
27 70 140 5.0 3:1 82.42
28 70 140 6.0 4:1 82.52
29 70 130 6.0 3:1 74.48

Y=89.75-1.58*A-2.84*B-0.0217*C+0.7375*D-
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Table 4 Analysis of variance and significance test results of
regression model coefficients

a’*)-
®F H@E AdSS AdGMS FIA P ﬁf
A 14 137613 9829 12836 <0.0001 **

A 1 30.12 30.12 3933  <0.0001  **
B 1 96.54 96.45 12594 <0.0001  **
C
D

1 0.0056 0.0056 0.0074 0.9329
1 6.53 6.53 8.52 0.0112 *
A 1 148.99 14899 4848 <0.0001  **
B’ 1 1157.58 1157.58 042  <0.0001  **
C’ 1 8.30 8.30 0.83 0.005 3 *
D’ 1 58.58 58.58  56.87 <0.0001  **
A*B 1 1.89 1.89 8.5 0.138 4
A*C 1 1.13 1.13 0.01 0.243 7
A*D 1 7.65 7.65 1.2 0.0070  **
B*C 1 0.0225 0.0225 041 0.866 4
B*D 1 13.65 13.65 5.61 0.000 9 o
C*D 1 439 439 0.03 0.0312 *

0.765 8
0.6137 0.5355 0.8071

%
¥ 4 4.58 1.15
4t 28 1386.85
R=99.23% R (iA%) =98.45%

E: AT HREE (P<005), ** AT HHARD
Z (P<0.01).
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Fig.8 Total ion flow diagrams of two sour jujube spices
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Table 6 Antibacterial experiment results of sour jujube spice
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Fig.9 Effect of sour jujube spice and vitamin C mass

concentration on DPPH clearance rate
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