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B BT (TR R THR4EE /R AR X
RUIATETE VAN (AR 2 82°0'21", b4 43°33'16") ;
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Table 1 The factors and levels of Box-Behnken
response surface experimental design
K- — Lk
A/(r + min") B/h Cc/C D
-1 100 36 27 6.0
0 150 48 30 7.0
200 60 33 8.0

FRERGZ PSRV, R ARSI Mk B R
9T J5 L AV e A T, A ) 200 i FAEL g >0
3 590445 240 P J L 98 0 48 L FEEREL A % 19% AR
SIEUMAA A R e I 5 7R 30 °C %
150 /min 4G pH {H 7. 0 BY5AF FALH 6 h, 38 i
Xf A PR RE T AT IR R GC-MS J3 b, W12 €
1 A
1.5 HIERESSH

KX Microsoft Excel 2020 %A oE4 752 06 B 4 %
B FI ] Design-Expert 13 #4447 0e 1 11 95 152 1
RS> HT , 84 Origin 2021 228,

2 RS0

2.1 FEEKRFEERST

A SRR G 3Ry B Al AR 3 16 BREPR i T
LA PPN GRE ) 5 PREE™ AL W1 0 F S T Ak, 43 5]
45 LY13 LY25 LY33 LY36 Al LY37, =& H
PRB W T R Ve S oAb 28 BV R 1 U BT e
GC-MS 7t 2 e anis 1 & 2 fisk 2 i, I 1,
B2 Fide 2 Al 1, B FE LY13 . LY25 LY33 . LY36 flI
LY37 S rh 43 il A 3] 46 Ff 33 A 25 F 30
T 32 iR A T W o, XS4 R 1 A S o
N 87.69 wg/g.81.14 pg/g. 41.08 pe/g.
40. 58 pe/g 1 46. 59 g/, HP Efk LY13 #l LY25
TR TR A A S B ) R 2 R0 S B 3 T
Pk

FERY TS TR AR LY 13 A LY25 KBy Rk 1
FZAR W, Horp S OB ROR SR 8, i)
ERFMBEALE T H KR B
SEZEY o RPN S R AR LY13 &
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Fig. 1 Types of volatile aroma substances in fermentation

broths of aroma-producing strains
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in fermentation broths of aroma-producing strains
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%2 FEHERAREERTHELEEN R GC-MS 24 R

Table 2 Results of GC-MS analysis of volatile aroma substances in fermentation broths

of aroma-producing strains ne/g
25 TR LY13 LY25 LY33 LY36 LY37
X A -1, 8- i 0.14 0. 09 0. 45 0.13 0. 45
S 26.70 32.67 4.60 — 0.23
3 -a— 50 22 — — — — 0.90
(I8 a—FATHEE — — 0.43 0. 09 —
2,3-TEE 0.63 — — — —
2,5 — 0. 48 0. 48 — — —
PUpAE S 2.56 2.09 — — —
KB 10. 64 11.89 5.45 — 1.12
SR R — — — — 0.11
y=T NP 0.16 0.06 — 0.21 0.36
BRI I 0. 61 0.47 1.50 0. 60 1.09
FRAE AR FH TR 0.24 0.42 1.18 0.42 0.95
REFNER 4.46 4.03 10. 25 1.95 8.65
FERER £, T8 0.36 0.34 2.10 0. 30 0.95
- TR AR FH iR 0. 07 0.19 0.26 0.19 0.27
qEal — — — — 0.06
TR 2. B8 0.47 — 2.87 — 0. 80
LR 5 0. 20 0.18 — 0.07 —
BRI T R 0.02 — — 0.04 —
2-H Bk 1R 2 B 0.16 — — — —
S IR A i 0.23 — 0.62 — —
TR TS R S PO iR 6.31 — — 2.51 10. 46
3-FH-2-TH 1.43 1.23 — 0. 65 0.43
TEA -3 H-4 4- T -2 (3H) HIREET 0.16 — — 0. 07 0.13
2,3-T"5-3,5 TRHE-6- -4 H) Mg -4 1.15 1.03 0.23 0. 56 0.78
B- AL 4T 1. 11 1.08 1.67 1.50 3.08
K HEL il 0.37 0. 42 0. 61 0.35 0. 89
3,5- R FE-2-HE-4(H) -NLm§-4-FR 0.15 — — 0.15 0.09
A A -5 % = — — 1.01 0.51 —
3- -2 T 0.19 0.13 — — —
I MR T 0.15 0. 08 — — —
R L 0. 09 — — — —
< HR 0. 38 — — — 0.56
M THIR 1.53 0.72 1.30 4.75 6. 09
TR 1.18 0.96 — — 1.82
fifi [ T2 2.88 1.72 — 2.45 4.32
ivEs - TR 4.02 3.96 — 0.10 —
TR 9.36 9.02 0. 40 — —
SR 4.56 4.41 0.34 — —
KR 0.58 — — — —
TR 0.31 0.16 — — —
5—H L 0.13 0.21 0.79 — 0.37
LEE 0.10 0.08 0.18 0.17 0.15
[l 2 T 0.25 — — 0. 06 —
BT — — — 0.32 —
AR 1.36 1.18 — 0. 20 —
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R — — 0.84 — —
, R 0.27 0.14 — — —
e F R — — 0. 68 — —
5% H b — — — 21.43 —
T 0.28 0. 07 — — 0.11
2,4-TRUT R 0.95 1.48 2.94 0.53 1.01
HAh 2 IR 0.05 0.11 0.10 0. 08 0.08
DA R 0.14 0.04 0.28 0.10 0.15
2,4-Z AT EOR B 0.06 — — 0.09 0.13
B 87. 69 81. 14 41.08 40. 58 46. 59
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Fig. 4 Morphology of aroma-producing strain LY13
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Fig. 3 Radar chart for olfactory evaluation of

fermentation broths of aroma-producing strains
2.2.2 STEMEEEHER T 268 (DNA 2K
PO RGE KB MWK 5 TR, 77w %
LY13 11 26S rDNA J¥FIHK FE R 591 bp, BL/3 41 5 4k
o DU ) T ( Wickerhamomyces ) 26S tDNA ¥ 41 #Y
FAUEE ik 96% (UL 5) , BRI & bk LY13 5 4k
SEDUBHRE B T 10 2R 5 6 R i, HAE— 103 |
LS PR, )0 S P A R LY13 4 e
DU RETR
2.3 FEEKLYI3EKBEDH

PEAFTERE LY13 BA T ZR A 6 o, &l
6 AT, PR AR LY 13 EREFE 8 h B AN HUE K
B, e R SRR R SR R R R AR, WK
REFH A Iy Ak HAR RO I FERE IR 20 h I EACZE
RASE W], BB TR B E SR i D AR s 6] 22 /)N
HERT KA RACHY), X 22 5 BRI 0 1 58
UYL ST N CRTEENSR Ve s SE N

25 PO DR ZERT R TR VR v R R A U T R Y
oM np 7 B, & 7a) AT, Y Ak BEIR E A
25~35 CH, & B 45 & P A S BT e it 50
HIE R R S R R BE A 30 C I, KT
W M H R R R R, 87,27 pe/e.
> TR U B SRR TR R A K 32 B, S B AR
PR AT REREAR ; 24 TR B2 T e I, AR 0 A
HORREZ I A SR S B R E AR TR E
Yol 2 e T A N R B T I
FE M 30 °C R H,

FH & 7b) AN, X & BERT ] A 12~ 60 h B, A&
T R A S B R N S AR R
M R[] Ry 48 h B 35 MRS R R R
H107.60 pe/g, 4K EERT A A I & BEAN 5E 4
FE M) BB IR 5 2 R TR I (B) S5 R T
AR 2 0 AR K 80 BEROR FEAR
PR A RIS ] D 48 h B8 L,

i &l 7c) WAL, 24 & 5% 34 100 ~ 300 1/min
B, R TR 2 T A A ) o o S S s A
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Fig. 5 Phylogenetic tree constructed based on 26S rDNA gene sequences
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ks, 2% BERE R 150 r/min B 18 & EHS
Y, 107,60 we/g. TERME ], &
TRt KM I 5 ) R TR YA 1 75 S, R TR T e 1K
SFEUR AR K B S 5 Y B 5 U
SN RRAR R I L A AR T Wk
PR BERL M 150 o/ min BOE FL,

HE 7d) AT, 24 % BRI 4G pH {E N 4.0~8.0
B, R T 4 R A A T i 2 S B S AR
ke, 4% BERILG pH Eoh 7.0 B, A HEFS
Pyl sl i fe i, O 134,08 we/g. WA pH {EId = B
IR AT R A K, S BORIEE s,
i & Pk AR 2 MOBe R K BRI AG pH (ECH 7.0 K
WEH

2.5 XA BETZ Box-Behnken MRz E iR I8 245 R
ST

K% 1.7 Box-Behnken M i/ T3 56 1 31 S 45
W3, Xi3 3 FAR A R AT IS, 19 3 A e e
(A) KRN (B) RBERIE (C) WIkG pH (D) 5
FERMER Y BUEE (Y) I IR Z I 05 )7

Y = 136.44 — 0.46A + 0.29B + 2.10C + 0.97D —
2.53AB - 0.61AC + 1.34AD + 0.32BC + 2.30BD +
0.84CD - 4.67A4° - 3.99B* - 2.63C* - 8.97D°

[UE T RER T Z e R K 4, & 4 7]
0, AR F ARk 18,00, H. P {E<0.000 1,4
I P E( N 0. 091 8)>0. 05, F WA IZBAIL 4 7
JEESE, WIHRE R =0.947 4, R IERB R, =
0.894 7 FRUIZAL AL MER, T &, AT ] T 000 & F 3=
SHERMEFHRS Y RS = MW, B PETALC,
A B .C* 1 D* XHE B VEE S TR RS i B
Z(P<0.01) ,AB 1 BD % & V&< W) i s )
oM 2 (P<0.05) . ARG FAE, 25 R X5 & M
B W o 05 e G Sy - R TR B (C) >HT i
pH B (D) > KB (A) > KN E] (B) o

25 PRV A8 HAE T g o it T T b S5 v 2 ] 2 4]
8 7N, H1IEl 8 Wl K ErtE] 50746 pH (HZ H] 1
SEEAEI K TR 18] 5 e T e o 22 1] 1 22 BAE T Y
M . T R X I i , 2 B 3k A58 B A F v L3R Y
A A X M [ {5 T i 2 ( P<0. 05)

3 2ok [ SRS F i 7 (1 A7 P 75 3 e A
P T 25 2l 2 e 2 7 145. 29 v/ min & [ B[]
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Fig. 7  Effect of single factors on the total amount of volatile aroma substances in fermentation broths

49.29 h KEFIRE 31.3 °C 414 pH {H7. 08, 7EHLT.
RS B B S 136,72 pe/g.
RS BRARAE B B R B T AR HMEIE Dy R
BET 145 o/min  ZBERF ] 49 h R EERE 31 C 4
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Table 3 Box-Behnken response surface test design
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Fig. 8 The corresponding surface atlas contour maps for the interaction of factors
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Development of apricot pomace flavoring by microbial fermentation

YANG Jing' ,LIU Guanghao' , WANG Qiongho’ , HAN Li*, WANG Qingfu*,
ZHAO Zhiwei*, LI Lei*, WANG Qiuling*
1. College of Tobacco Science and Engineering , Zhengzhou University of Light Industry , Zhengzhou 450001, China;
2. Department of Food Nutrition ,Luohe Medical College ,Luohe 462002 ,China;
3. College of Food and Bioengineering , Zhengzhou University of Light Industry , Zhengzhou 450001 , China ;
4. Technology Center ,China Tobacco Henan Industrial Co.,Ltd., Zhengzhou 450002, China

Abstract : To develop apricot pomace flavoring, the most effective aroma-producing strain was isolated and screened
from apricot orchard soil. The process conditions for microbial fermentation of apricot pomace by this strain were
optimized using single-factor experiments and Box-Behnken response surface methodology, and the key enzyme was
preliminarily identified. The results showed that the strain LY13, identified as Wickerhamomyces, exhibited the best
aroma-producing effect. After fermentation of apricot pomace by this strain, the resulting product exhibited rich
sweet, fruity, and floral aromas, with a high total content of alcohols, esters, and ketones in the fermentation lig-
uid. The optimal fermentation conditions were a stirring speed of 145 r/min, a fermentation time of 49 h, a fermen-
tation temperature of 31°C , and an initial pH of 7. 1. Under these conditions, the total content of volatile aromatic
compounds in the fermented product reached 135. 38 wg/g, and the key enzyme responsible for aroma production
was mainly present in the cell membrane. This study provides a novel strain resource for aroma-producing microor-
ganisms and lays a theoretical forndation for the industrial production of apricot pomace flavoring through microbial
fermentation.

Key words :apricot pomace ;microbial fermentation ;flavoring; key enzyme
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