MR EmBE Modern Food Science and Technology 2026, Vol.42, No.3

5 E (A EO852/  trans - — S & il X 52 &
RENT Z KB435 o4

Ted', =X, BE°, EEW, SERIT, BN, FRY, BEE, IME, mkiE, '8,
WOKRR?, FER, Wi, TEE', TEH, 2o
(LAEPREKRFRELHEFR, FERLEFHF AT LERET, HALKRR 430070) (2. 7 1AL LA FRFTAEL 8] 4K
R, FdFRM 450000) (3. B KFAHABALAT, ER 400712) (4. REHBRXFAD IEFREFLEEZRLSLTH
52 2BRELRRE, REF 300457) (5. Tae At ara s, Fa# M 450000)

E : Trans-— A& F 0 28R TAMEH. EH. RLFHR, BAHLHFMEL. AT HALTHHFEH 0852 it
ATATARI 49 £ M BEAL A 7 trans- —AE FBR, 1% 3T E AT 0852 7 trans- =25 IF B R ALBRAR 2 49 IR IR T ¥ A Bl
BT M. BRRE IR R E KW feve B AT AT B AR AR, AT B BT R AUEF e F
st B E YRR, PN R B REE IR A A pHAL, AFRAIN, RAEGIRIREA: R FERA 21 min, #HRK 113, K& 36%.
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Abstract: Trans-dihydrocarvone is widely used in flavoring, pharmaceuticals, agriculture, and other fields, and possesses high
economic value. To enhance production of frans-dihydrocarvone through limonene biotransformation using Klebsiella sp. 0852,
we analyzed its extraction process and functionally characterized the key enzymes involved in trans-dihydrocarvone production
by Klebsiella sp. O852. The optimal conditions for cell fragmentation were determined by single-factor experiments and response
surface analysis. Effects of metal ions, organic solvents, and inhibitors on enzyme activity were analyzed, and optimal temperature
and pH values for enzyme activity were determined. Optimal extraction conditions were as follows: ultrasonication
time of 21 min, material-to-liquid ratio of 1:13, and amplitude of 36%. Ferrous, manganese (II), and zinc ions significantly
increased enzyme activity, while copper (II) and ferric (III) iron exerted strong inhibitory effects. One percent (V/V) of dimethyl
sulfoxide (DMSO) and isopropyl alcohol increased enzyme activity to 121.64% and 142.62%, respectively. When organic solvent
concentrations were increased to 5% (V/V), they exerted enhanced inhibitory effects on enzyme activity. Chloroform exhibited the
most significant inhibitory effect. Among the tested inhibitors, EDTA exhibited the most significant inhibitory effect on enzyme

activity. The optimum temperature for enzyme activity was 20 ‘C and the optimum pH was 9.0. These results provide a theoretical

2026, Vol.42, No.3

basis and technical support for industrial application of this enzyme system.
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T BR 22 pp b ¥ W (Phosphate-Buffered Saline,
PBS) : MR —E#H 096 g, T /KATHIRA 4 1432 g,
w32 g, HALHEI0.8 g, MARMKIEME38L,
M TR RIS pHHE 7.0 EHE 4L %H.

SRR H bt - Eh MR (Tris-Hydroxymethyl
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LDZX-50KBS 37 3 i [k 28 VK 1 #s, L ilg %2
BEJ7 #s M) s ULT Freezer-702 YK VK4, Thermo
Forma ; DF-1018 S GUIEIR AL e a5, AN
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PRIELRFF 30%, FHEFEHSE] A 20 min. LRSS WS, FE
i 7E 10 000 rmin's 4 CZF T B0 30 min, U4 -
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Table 1 Factors and levels coding of response surface analysis

B&
K . X -
A2 5B A /min - ARELL #a/%
-1 15 1:5 30
0 20 1:10 35
1 25 1:15 40

1.2.8 A2 7 H 8h R BT tm AL 4E ) 4 8o

A8 FH 4214 R SR UL 5% 6 7 A ) B EDURT 24 PR AROUE 25
P, J7ikE T ok B R R R
129 + I AABRAN TR A e BRI X ok (SDS-
PAGE)

SDS-PAGE 4 [f 5 7= [y 5 12 - W A e 3
1.2.10 B RM 49 58 I8 JE R B 04 A AS R

ERGEREER S, W1 mLMHEER, WA
840 mg-L" f78 0%, T 10, 20, 30, 40. 50. 60 C K
HHAT 4 h AEWEAL, DU E ™ trans- 287 IR SR
11 B I 2 ML

FERFREESER T, K 1 mL M AR E T 10, 20,
30, 40, 50, 60 C N & 20 min, RJ5E 2= =,
FEANN 840 mg L' #7454, 7637 C. 210 rmin' F4%
1 4 h, VAVPAEAS A6 RE A HE 5 B v AR A5 4k, A
T AF Bl A # R e T
1.2.11  B& R 49 32 1€ pHAR A B 6 pHARLAS 1

FRAEHER T 2 & AR BG5S A pH A 3.04
4.0, 5.0. 6.0. 7.0, 8.0, 9.0, 10.0 ) 2% 7 W (pH &
1E 3.0~5.0 30 [ Py {37 FH s R BV % o, AE 6.0~7.0 38
Rl N A PBS 2% #iifi,  7E 8.0~10.0 i [l 4 A Tris-
HCl i) 1% 1:1 LR A, SRR N 1 mL.
1 i pH (L SEEe ., 70 840 mg L ¥ I 18 NS
Y, 7620 C. 210 rmin' 445 N X5 4 h, DU e =
trans- 2 & 7 WA R BERG 1Y BO&E pH fH. X T pH fEAR
SEVESRLS, BRATAM 4 CTHE 12h BEIKEE =R,
FhIN 840 mg L™ A7 0%, 7E 20 C. 210 rmin' Fx
4 h, PAYEASAS[E pH A5 B PRS2, AT BT 9T
B pH B e E V.

12,12 25 & T B b3

%% Zhang 2" SZI6 I N LME .
1.2.13 A AL 3t B & 69 %5 o)

A T2 0 &R RS, 13 b2 AN 1% Ao
5% (VIV) M2 MANER CEIEHEE,. L. =
B, RAEE. L5 &5 DMSO), SR ZH ) i A
SRR PBS P TRAJS, SN 840 mg L FriE
WEVE RS, fE37 'C. 210 rmin' F &M 4h, K5
MBS PE. DO BEZH IS 145 100%, T3 HLIE
T4k BRI 0 RR R B 1, AT VP A A [ A LA
T 52

1.2.14 34| 7|24 B & M 69 0m
KAMHIF] (EDTA. 8-¥23Ememh, 2-27 BEMLmE. 4
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(SKF-525A)) T2 /% 100 mmol-L™" f£EWE, 16 FH 6 /K
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A EIRAIREE N 1 mmol-L, X fEZH )i N\ 25 & (¥ 8
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Xof HE A TS 1 B AE (100%),  THEREAS [5] 90 41 791) 4k 22
Ji BTRE O s 4, DAV A 3 Le ) 35 X6 72 trans- — &
B T SRR AR A RE T
12,15 RS HHT

PR SR B S =, WP, ol o b Al R
F Origin 2017 #4%F, K H IBM SPSS Statistics 24.0 %X
AP SXoF A [ £ i) 1) B i) S 3 2 S AT O 22 A0 AT

2 HR5WHE

2.1 AR &

PLEE I bR 5l B IR R AR bR, RO FEAE RN
Ak, 2t ARAE 2R, RN IR A AT
=R, A3 ERAERTZE RN T FE A 3=0.572x+0.130 8, FL
& B2 5 R°=0.995 4.

22 MBEHBRBAGENEERER

B 1 mL MR AN 840 mg L F7ieMs, 76 37 C.
210 rmin ' FREFE 4 b, DLPAHAS [ 2 R ot g s 19 56
gem . P la fias, #87 S min 5, FHBER TR
R RN 3.34 mgrmL ', AR A0 % 30 min
i iA %) 6.28 mg-mL . B VESL TS M, 7E 20 min f
s, N 11.99 U-g'e 3K 3R WIS 488 75 i () e ik 25
BB B K AT RE R AR R B B RS . i 16
B, BHREG 1:3 BF, R BV P A A 2 1 R VR B
W, N 4.96 mgmL!, % 1:20 B £ 0.83 mg'mL ',
B MEAE R EE 1:10 B Jeim, A 27.45 Ueg'le UMK
B S BREZ, BBCELEA, (A ReH R
G E R BOCORR L T R R, PR
BRI, E I DR ER] B A i A S . G Te P
N, PRE 20% B, R R S A R B R A
4.05 mg-mL", BEIRIEE NG BT, % 35% 5,
KPEACTE AR BETEEIRDE 35% I & m, A
23.02 U-g''e JIRIMR 3 04 k400 o o B R AR P RR R, (H
] B B RS . e ST K A R B S U
PRIBLE 90% I £F 4k B PRIk B e i, ARSI 9T
TEPRIE 35% BT A S 1 Ok B By, X AT Re 506 H A8
R IR AR B PEAN R R

CRE IR, B AR IR 9 A I TE] 20 min,
BHEEE 1:10 #2108 35%, TEIXLESEAF FREE VTG E 2 7 o
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Table 2 Design and results of response surface experiment

%5 A E M /min HBR RME/%  EEEHIZE/(U-g))

1 0 0 0 35.04
2 1 0 -1 29.26
3 -1 0 1 33.27
4 0 1 1 35.24
5 0 0 0 40.38
6 -1 1 0 29.97
7 1 -1 0 26.83
8 1 0 1 28.66
9 1 1 0 38.17
10 -1 0 -1 25.15
11 0 1 -1 29.74
12 0 0 0 35.88
13 0 0 0 39.95
14 0 -1 -1 28.06
15 -1 -1 0 28.87
16 0 -1 1 27.69
17 0 0 0 39.96

®3 @PEAEMFTESNER

Table 3 The results of variance analysis of the regression model

FERR FiA AWE HF FE P BEK

A-# FEFE 4.00 1 400 083 03929

*

B-#tiktk 5870 1 58.70 12.15 0.0102
C-¥# P& 20.00 1 20.00 4.14 0.0813

AB 26.21 1 2621 543 0.0527
AC 19.01 1 19.01 393 0.0877
BC 8.61 1 861 178 0.2236
A 73.91 1 73.91 1530 0.0058 oK
B 40.26 1 4026 833 0.0234 *
c 103.89 1 103.89 21.50 0.0024 oK

AR 379.01 42.11  8.72  0.004 7 wx

9
KRE 33.82 7 4.83
K AR 7.55 3 252 038 07718 FEBF
ik £ 26.27 4 6.57
EHE 412.83 16

$=2.20 R*=0.918 1 R',=0.812 8

Err AT BATRBas £ FHEE (P<0.05), ** AT

Latpinnrt £ MM EE (P<0.01).

SRR AT T 200 4T, S5 R NLAR 3. IR BoR,
AR B B EME (P=0.004 7<0.01), KRPTAE
F (P=0.771 8), [FIHJ7FEUE ZH R=0.918 1, £K
91.81% FFIMEIE PEAS 2240 AT BRI AR AR A e, DA B 25
YLZ AR 5 S PR DL A R AP, — IRITHORHE b 2
=, HFEEFRIEA B RO R E 2 I
ENTE L RS R A I E R N S C S
AR FAE AT LAAS H 5 0 it 4 49 28 10 DR/ R R
bl > iRl > 8 75 B ]

232 BAREASH

U 2 B 0 = A 7 P R A e 2R . A
LR R HEERNHES], B PIE R 2 A R
ACEHAER, T R B Y B B HE S 2 B AE HAE
555 M S T B, ST PR R 5 A AZ B X S
B2 AT RO, BEW AR AR R ™ . AT K
b & R R K TE— e B A SR, BETE A 3k
TR R, S DR OG5 R 5 M 1 o 8 T4 R R
oz, Sk MR HES RO BT, X R R
W28 HAE PSR 25 2, X 507 2200 M (R 45 R — 5
I k2 A FREAE, TR B 0 i
RN TZSHCN: HAERE 21.03 min, BHELH 1:12.86,
PRI N 35.99%, TERLAMET, HMHERFERN3925U ¢
10

-1.0
A )

0.5

-1.07-1.0
BoRh L C:Heii B:EHB L
2 A& B EEANRIT

Fig.2 The effect of interaction of factors
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233 REIZLLHRIE

BTN AR T 2S5 wE A TE 21 min,
BHAEE 1:13, $RIE 36%, JFEE4T 7 =REIE. SCIe19
PR3N 4097 U-g ', SEE TRIE A &,
R BA BT LA [ VA TR REME R TN 75 56, B0 IE 45 A

HAEH
2.4 B B AR BG40 A AOW 45 A B B e

W 3 s, ARG A P4 LTE 3 000 £ 11
P s LR ERA, HEHENEE; 7€ 12 000
f5F0 20 000 £5 N4HMREA ERE, 2R MBS,
A AL FR S A HLLE 3 000 £5 FBOK 5 30 HEFI B N
FABL; £ 12 000 £ 20 000 £ NS ATN], %
LAY, R AN e . hAh, W
FIASF AR I RORLAELE,  HE AT e 2 R 7351 40 i Y
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