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Abstract: Kefir grains comprising mixed strains were used as a fermentation inoculum, and the content of betaine
in wolfberry pulp was measured and adopted as an analysis index. The single factor test and orthogonal test were used to
optimize the wolfberry pulp fermentation process and to analyze the quality of wolfberry pulp fermented using kefir grains.
The results show that the optimal fermentation conditions are: 5% (m/V) kefir grain inoculation, followed by fermentation
at 25 °C for 48 h. Under these conditions, the betaine content reached 18.95 mg/mL, which was 2.54 times higher than that
in unfermented wolfberry pulp. Furthermore, the total phenol, flavonoid, and total sugar content was 2.03, 0.68, and 11.92 mg/mL,

respectively. A total of 65 volatile components were detected in the wolfberry pulp fermented using kefir grains, including 21
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alcohols, 27 esters, 1 aldehyde, 1 ketone, 8 acids, 3 alkanes, 2 phenols, and 2 alkenes. Twenty-four new species were detected

after fermentation. In addition, the alcohols, esters, and acids increased significantly after fermentation, and the total volatile

component content increased from 8.94-39.76 mg/mL. This research provides a theoretical basis for preparing high-quality wolfberry

pulps and guidance for the deep processing and industrialization of wolfberry production.
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Fig.1 Effect of inoculation amount of kefir grains on betaine content
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Table 4 Quality parameters for wolfberry pulp before and
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% /(mg/mL) 1.60 +0.03 128 +0.15"
W48 /(mg/mL)  275+0.04  1.54+0.01"
$LBR/(mg/mL) 0.34+0.01  2540+0.46
AP#EER (mg/mL)  6.40+0.08 1323 £1.06
WEH/(mgmL)  536+035 1895+ 1.66
% B/(mg RE/mL)  042+0.01  0.68+0.04"
B8 /(mg GAE/mL)  1.99 +0.03 2.03 +0.02
EH/(mg/mL)  179.89+0.51 11.92+0.58"
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Table 5 GC/MS analytical results of volatile compounds in wolfberry pulp
LS CAS 4 Ak RT/min K EERT ARG
64-17-5 TBE 4.79 0.42£0.01 4.19£0.12
107-18-6 MBS 5.46 — 0.02 +0.00
14898-79-4 (R)-(-)-2- T B 6.22 — 0.20£0.05
71-36-3 iETBF 7.46 — 0.04 £0.00
584-02-1 3- KB 8.41 — 0.02 £0.00
123-51-3 St /R B 9.62 1.12£0.02 6.55£0.90
137-32-6 2- ¥ -1- TB: 9.73 0.24£0.01 1.90 £0.09
71-41-0 IE RBE 10.67 0.05£0.00 0.03 £0.00
1576-95-0 i -2- RH -1- BF 1075 0.09%0.01 —
513-85-9 2,3- T =B 10.82 — 0.44£0.03
3899-34-1 BRUK, -3- M -2- B 1092 0.13£0.01 —
24347-58-8 (2R,3R)-(-)-2,3- T =& 11.19 3.44£0.09 0.18 £0.00
. 589-35-5 3- WK -1- RER 13.85 — 0.10 £0.02
B2k 5
928-96-1 v+ B3 14.08 0.01 £0.00 —
928-97-2 R -3- THREE 14.24 0.20£0.01 0.06 £0.00
928-95-0 2- Thi -1- B2 14.74 0.10 £0.00 -
111-27-3 B 14.88 1.21£0.07 0.52£0.08
543-49-7 2- JZBZ 16.30 — 0.20 £0.04
111-70-6 i REE 19.38 0.03 £0.00 0.05+0.00
3391-86-4 1- FH -3- B2 19.85 — 0.23 £0.04
1569-60-4 6- ¥ -5- B H -2- B2 20.40 0.06 £0.00 0.10 £0.00
108-82-7 2,6- — WK -4- B 23.20 — 0.78£0.010
111-87-5 EFB 23.82 0.02 £0.00 —
60-12-8 NTLEBE 25.17 — 2.85£0.44
143-08-8 T8 27.75 — 0.03£0.00
106-24-1 Fot B3 30.46 — 0.02 £0.00
it 7.12 18.51
79200 L B 528 001£0.00 0.06+0.02
141-78-6 LR T 7.26 0.15£0.02 0.02 £0.00
105-37-3 AR LB 8.73 — 0.99 £0.10
97-62-1 AT B LB 10.44 — 0.05+0.01
110-19-0 LT B 10.91 — 0.10£0.03
105-54-4 TR LB 11.95 0.03 £0.00 0.03 £0.00
687-47-8 L(-)- LB T 12.43 — 3.72£0.56
123-92-2 LB 7 X B 15.19 — 1.30£0.18
624-41-9 2- VAT A LB B 15.30 — 0.14 +0.05
BE %X 63697-00-7 (S)-(-)- FLEAR 5+ 7 Bl 16.51 — 0.03 £0.00
123-66-0 TR L 20.66 — 0.50 £0.05
19329-89-6 FUBR 3 R B 23.65 — 0.23 £0.02
6946-90-3 2- A UA TR TES 23.76 — 0.12£0.01
106-30-9 SRR LB 24.93 — 0.04 £0.00
123-25-1 TR LA 27.46 — 0.54 £0.00
119-36-8 KR T B 28.38 0.02 £0.00 0.03 £0.00
106-32-1 FBR LBk 28.62 — 0.69 £0.02
101-97-3 KT T 29.82 — 0.02 £0.00
103-45-7 LB R LB 30.23 — 0.14+0.03
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4R5
G CAS 2 AR RT/min K BEAT KBS
123-29-5 F B LB 31.81 — 0.07 £ 0.00
104-61-0 P4 B 33.09 — 0.05 = 0.00
110-38-3 R LB 34.62 — 0.34 £0.05
5ok 106-33-2 P A B LB 39.43 — 0.13 £ 0.00
124-06-1 W 2% LAY 43.55 — 0.05 £ 0.00
54546-22-4 9- o B K B T BS 4731 — 0.06 = 0.00
628-97-7 AZARBR LB 47.80 — 0.25 £0.03
6114-18-7 R B LB 52.55 — 0.04 = 0.00
ANt 021 7.94
6728-26-3 R -2- SpnEE 13.69  0.07+0.01 —
56114-69-3 2,5- ZHEHORF B 26.00  0.01%0.00 —
BRE 5779-95-3 3,5- —F AR B 27.08  0.01+0.00 —
116-26-7 23- Z&.-2,2,6- ZFHERFEr 28.61 0.02 +0.00 —
432-25-7 2,6,6- =R -1- RO -1- HEE 2938 0.12£0.02  0.04+0.00
Nt 0.12 0.04
875-59-2 4- f2 4k 2- FAR T 3209  038%0.06 —
513-86-0 3- 23 2- TH 8.23 0.34 = 0.09 —
B 110-93-0 W 3k B b 19.84  0.15%0.03 —
111-13-7 2- ¥ 1 2012 0.11£0.02 —
2408-37-9 2,2,6- = JL IR TR 2219 0.02+0.00  0.02+0.00
it 1.00 0.02
79-33-4 L (+) - 5L 1080 0.15+0.01 —
64-19-7 LB 6.06 0.05+0.00 1.35+0.06
6628-79-1 3- WA 4 EARRER 6.434 — 10.35+1.25
334-48-5 R 1166  0.08%0.01 -
503-74-2 SR 14.03 — 0.17+0.07
N 116-53-0 2- FHATHER 14.38 — 0.07 = 0.00
i .
109-52-4 i 15.44 — 0.02 % 0.00
142-62-1 TR 20.11 — 0.35+0.10
13419-69-7 BRX -2- THBA 21.12 0.02 £0.00 —
3639-21-2 2- T 2-HBETER 23.55 — 0.12 £0.06
124-07-2 FEL 27.62 — 0.13 +0.02
57-10-3 AZAR R 4691  0.01%0.00
it 0.31 12.56
3299-32-9 2,45 ZFH 13- ZRLIRAIR 935 — 0.09 +0.00
3299-32-9 2,4,5- Z 93 3- ZAAH 1022 0.03%0.00 —
X 6876-23-9 BX -12- —W IR 12.47 0.01 £0.00 —
1014-60-4 13- =R T A XK 30.89  0.12+0.03  027+0.08
36431-72-8 FAEB 32.49 — 0.03 = 0.00
it 0.16 0.39
Gy 005 AR E 2413 0.01£0.00  0.02+0.00
96-76-4 2,4- AT A KB 3749 0.02+0.00  0.05%0.00
Nt 0.03 0.07
818-92-8 3- A-1- Ak 559 004001 0.19%0.10
Wk 629-20-9 1,3,5,7- SRF 94 15.84  0.04%0.00 —
17066-67-0 B - B 3763  0.03+£0.01  0.08+0.05
Nt 0.11 0.27
gab T 8.94 39.76
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W 2.54 £%, HRBE G MIAC R RGBS
afi IF | FRENE R, S AT o pH B S B
SOBEL TT E BR & & v il N 3.54. 2.03 mg/mL.
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RN, KA SR LRI 65 Mg R M R
BOR TR 24 Fh, SR ML & 190 3.45 1%,
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