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Abstract: Fermentation experiments were performed on Xuehua pears using the Plackett-Burman experimental design to optimize the
two-step fermentation process for the preparation of Xuehua pear ferment. Four out of six factors indicating yeast fermentation were identified
as significant; the solid-to-liquid ratio, fermentation temperature, inoculum size, and fermentation time. On this basis, the Box—Behnken design
was used to optimize the yeast fermentation conditions based on total phenolic content and protease activity, and a single-factor design was used
to optimize the conditions for Lactobacillus plantarum fermentation based on superoxide dismutase (SOD) activity and titratable acidity. The
final timing for L. plantarum inoculation was determined based on the total phenolic content, protease activity, SOD activity, titratable acidity,
pH, and soluble solids content (SSC). The results suggest that the optimal parameters for the two-step fermentation of Xuehua pears by yeast and
L. plantarum are an initial broth pH of 4.5, solid-to-liquid ratio of 1:1, sugar content of 13%, yeast inoculum size of 0.14% for the first
fermentation step, fermentation period and temperature of 24 hours and 26 ‘C for the first fermentation step, a L. plantarum inoculum size of
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1.50% for the second fermentation step, and a fermentation period and temperature of 36 hours and 39 ‘C for the second fermentation step.
Xuehua pear ferment obtained under these conditions shows an appropriate level of sourness and sweetness, uniform color, and an aroma unique
to fermented pears, whilst being clear and free of impurities. The physicochemical indices of the obtained ferment are a total phenolic content of
32.32 pg/mL, protease activity of 45.15 U/mL, SOD activity of 1 140 U/mL, titratable acidity of 4.43 g/L, pH value of 3.49, and SSC of
11.3 Brix%, which are in line with the requirements of edible liquid plant-based ferments. The results obtained can be used as a theoretical

reference for the comprehensive development of Xuehua pear ferments.
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Fig.1 Effects of different factors on total phenol content and

protease activity in yeast fermented Xuehua pear ferment
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Table 3 Plackett Burman design and response values

o ks Fo#hE )
Burman 3 1 4 £ A B C D E F G H /AUml
1 -1 1 1 1 -1 -1 1 - 40.56
CLER FABGE J7 e A, 7E R R 3 Bl 1k 2 1 -1 1 1 -1 1 -1 1 20.56
11 Plackett-Burman 835, 7347 PR 20 B BF B I 445 30 -1 -1 -1 -1 -1 -1 1 1 33.58
S R, SRR AR 2 Flilie s R 4 1 -1 -1 -1 1 -1 1 - 27.98
W 3 fEk 4. 5 1 -1 1 1 -1 1 1 1 30.81
NP3 3 G5 AT RIABI 2 404, 15315 &= 6 -1 <1 1 -1 1 1 -1 -1 30.11
o T B TR R BV R S T ) R 5 2 Y=30.58- 7 -1 1 -1 1 1 -1 -1 -1 26.69
0.53A+1.02B+4.50C-1.77D-1.55E-3.19F, 8 1 -1 1 1 1 -1 1 - 34.35
O ZHTATE (€ 4), T30 P {E4 0.002 9 9 1 1 -1 -1 -1 1 -1 -1 27.82
<0.01, ] Plackett-Burman R4 51K ZAEFTILELT o -1 1t 1 -1 1 1 -1 35.15
PR KT ] PR X T B R A I 25 R A4 I 26 2 T mw ot 1 1 -1 -1 111 39.48
TR, HukE KRR 0,956 5, EEEHE 121 1 -1 1 1 1 -1 1 19.89
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Table 4 ANOVA of Plackett-Burman experiments
7 E R 75 A aR:2)4 H7r F1& P& REMH
A 447.05 6 74.51 18.34 0.002 9 significant
A 333 1 333 0.82 0.406 9
B 12.40 1 12.40 3.05 0.1410
C 242.46 1 24246 5967 0.0006 ok
D 37.67 1 37.67 927 0.028 6 *
E 28.95 1 28.95 7.13 0.044 4 *
F 122.24 1 12224 3009  0.0027 o
*E 20.32 5 4.06
&£ 467.37 11
R? 0.956 5 RAd 0.904 4

E: FRTERRE, P<0.05; MEATEFMEE, P<0.01; shiE RAGLIATR T SIKKF T o) BE M,
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Table 5 Box-Behnken design and response

KIS AFPRIL BABEE/C CHEMNE%

D X @A/ EE4SE/(ug/ml) EEBEEE //(UmL)

1 1:2 22 0.20
2 1:2 28 0.15
3 1:1 25 0.15
4 1:2 25 0.10
5 1:1 25 0.10
6 1:2 25 0.20
7 1:2 22 0.15
8 1:3 22 0.15
9 1:1 25 0.15
10 1:3 25 0.15
11 1:2 25 0.10
12 1:1 22 0.15
13 1:2 25 0.20
14 1:2 22 0.10
15 1:1 25 0.20
16 1:3 25 0.15
17 1:1 28 0.15
18 1:2 28 0.15
19 1:3 25 0.10
20 1:2 25 0.15
21 1:2 28 0.20
22 1:2 28 0.10
23 1:2 22 0.15
24 1:2 25 0.15
25 1:3 28 0.15
26 1:3 25 0.20
27 1:2 25 0.15

36 24.78 46.45
24 23.61 23.46
24 37.02 45.80
24 38.85 22.49
36 39.16 20.35
24 39.06 52.93
24 41.54 59.82
36 31.45 44.07
48 18.76 18.17
24 25.86 30.83
48 31.86 26.88
36 31.72 43.73
48 15.95 33.52
36 36.49 40.53
36 18.12 45.90
48 19.06 23.19
36 19.03 4591
48 18.12 50.66
36 25.57 20.40
36 19.18 30.30
36 18.69 42.40
36 22.70 22.74
48 20.37 2321
36 21.31 32.73
36 19.27 17.27
36 19.19 29.92
36 20.99 30.67
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xR 6 REARERIRBIFEN T
Table 6 Variance analysis of regression model for total phenol content

7 ERIR 7 A= B R 2k F{& P& BEMH
A 3584.47 14 256.03 1443 <0.000 1 o
A-HFR I 244.66 1 244.66 13.79 0.003 ok
B-% B8 A 255.41 1 255.41 14.4 0.002 6 o
C-HeAt 2 795.83 1 795.83 4486  <0.000 1 ok
D-& B [A] 297 1 297 16.74 0.0015 o
AB 210.07 1 210.07 11.84 0.004 9 *
AC 64.2 1 64.2 3.62 0.0814
AD 99.94 1 99.94 5.63 0.0352 *
BC 47.21 1 47.21 2.66 0.128 8
BD 1017.92 1 101792 5737  <0.0001 ok
CD 141.58 1 141.58 7.98 0.0153 y
A’ 22.1 1 22.1 1.25 0.2862
B’ 284.58 1 284.58 16.04 0.001 7 o
c’ 0.61 1 0.61 0.034 0.8562
D’ 6.97 1 6.97 0.39 0.5426
KE 212.9 12 17.74
SN 209.49 10 20.95 12.28 0.077 6
YRk £ 3.41 2 1.71
it 3797.38 26
R? 0.9439 RAd 0.8785

E: *RTEFRE, P<0.05, **ERTEFMEZE, P<0.01, FF.
*k 7 BEMENRIRE G ES
Table 7 Variance analysis of regression model for protease activity

7 E R 75 A N2 ¥ F /& P& 2EM
AR 1642.18 14 1173 14.23 <0.000 1 %
A-AHR I 4574 1 45.74 5.55 0.0363 *
B-Z BB 351.36 1 351.36 42.64 <0.000 1 o
C-#Eft & 288.4 1 288.4 35 <0.000 1 3
D-& B Ia) 557.85 1 557.85 67.7 <0.000 1 o
AB 0.067 1 0.067 8.12E-03 0.9297
AC 53.78 1 53.78 6.53 0.0252 *
AD 32.85 1 32.85 3.99 0.069 1
BC 14.83 1 14.83 1.8 0.204 6
BD 61.41 1 61.41 7.45 0.0183 *
CD 65.05 1 65.05 7.89 0.0158 *
A’ 8.58 1 8.58 1.04 03278
B’ 15.67 1 15.67 1.9 0.193 1
c 110.19 1 110.19 13.37 0.003 3 o
D’ 108.09 1 108.09 13.12 0.003 5 o
KRE 98.88 12 8.24
PEE 96.23 10 9.62 7.26 0.127
4hi% £ 2.65 2 1.32
Bt 1 741.06 26
R? 0.943 2 Rad 0.876 9
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Fig.4 Effects of various factors on SOD activity and titrable
acid content in Lactobacillus plantarum fermented Xuehua
pear ferment
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78 BMOH. EYIAAEABTEN AL S S IEREIRN
Table 8 Effect of fermentation time of yeast\Lactobacillus plantarum on various indexes of fermentation end point
BMEE I BBy EwmES SODESH  THAR SSC
AEEEE/M LB Apg/mL) /(U/mL) A(U/mL) AgL) pHE /(Brix%)
12 48 31.89£0.37° 37.47+025° 1220420° 6.32+0.97" 3.34+0.01° 11.6+0.02°
24 36 32.324029°  45.15+£1.24* 1 140420° 4.43+0.16° 3.49+0.01° 11.3£0.01°
36 24 38.34+0.21"  40.50+030°  940+20°  4.93+0.47° 3.43+£0.02° 11.2+0.01°
E: RPHINEFERRAFTERLE (P<0.05),
(6):118-125.
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