Fh B £ g

e
China Food Additives 2e32 T 5T

y R Vi 20 B K I AR PRI AE

HERA, Nk, B, LEBH, L&, A"

(fprEfl TR B TR Mk, 7N 510225)

WE . 7Y EAIE G R G TCTE R R RNER AR 5 TUAS 7Y SV I A0 5 Al i ) I 68 2R B2 o 7 88 T
B, E I ARG RIGE SR 0R I0 ) RERF TU A 7 A I8 e A A IS AT R A 455 A BRI PR, T 16S rDNA S 3 %6F e B
MREAT S, FRIAT B AR R E R R A B AR Rtk . S R RO R AR R LI BACE (R 22 8 B 5 FENtiR 80 45
I 4.00 g/L, TUAE P9I A 4 A5 N 30.00 L, pH 2 4.00, i IL 2R IIE R 0.50 g/L, SRR IR
“h30.00 g/L A KRR A8 48 h, LU BUACHE (B2 22 B ) EUAS 1 ARG A4 2 P I3 A BT ) 7 2 s, A9 60.58
mg/L, BEAh, T R I B T AT L BAE R 22 B B ) BUAG 7 AR A 5 i R ARG S AF T, Ik g
TRACHENEAT, S BB A ol A A4 7= S it — 2 p Be LAt

KGR BN, TORTEARRG; IWBUAKE R ZREEE, il

FESES: TS202.3 XEkARIAAE . A NEHRS: 1006-2513 (2025) 11-0048—0011

doi: 10.19804/j.issn1006—2513.2025.11.007

Screening of nootkatone—producing strains and optimization of
fermentation conditions

PAN Yicheng, LIU Xiaoxuan, QIAN Min*, WANG Qixuan, BAI Weidong, ZHAO Wenhong*

(College of Light Industry and Food, Zhongkai University of Agriculture and Engineering,
Guangzhou 510225)

Abstract . To use biotransformation method to produce non—toxic nootkatone, strains were isolated from the
navel orange peels rich in valencene and nootkatone. Through primary and secondary screening, strains capable of
converting valencene into nootkatone were selected. The screened strains were identified by 16S rDNA sequencing and
subjected to genetic stability tests and fermentation condition optimization. The results indicated that the most efficient
strain was identified as Starmerella sorbosivorans. The optimal fermentation conditions were as follows: 4.00 g/L
Tween 80 , 30.00 pL valencene, pH 4.00, 0.50 g/L ferrous sulfate, 30.00 g/L malic acid and fermentation duration
48 h. Under the above conditions, the highest nootkatone yield reached 60.58 mg/L. Furthermore, the presence
of magnesium ions was found to inhibit nootkatone synthesis by Starmerella sorbosivorans from valencene, while
ferrous ions promoted it. These findings provide a foundation for the industrial production of nootkatone.
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132 SRk
1.3.2.1 (5] Al B A o0 95 A BCOEE VR A PR L
100.00 mg [ Al il b5 by, H &R & BR 7 fift ) %
2 10.00 mL 72 S5 P2 2, F B A
A1 10.00 g/L 1 [3 A B £} . #% HL 0.00, 50.00,
100.00, 150.00, 200.00, 250.00, 300.00 pL % %
10.00 mL &4, fBROBE TER, BE
B MR BE A 0.00. 50.00, 100.00, 150.00. 200.00.
250.00, 300.00 mg/L BYFRIEA I . R A R ERY)
FRUEVS A 0.22 pm A HLIE RS I8 2 2.00 mL X,
FHERE PR, 78 —20 CH&F T IRTF.
1322 BFiERmIOELAE A KR
¥ 30 s, BEJSTE 70.00% ZEEHIEI 2.00 min,
F 2.50% NaClO % (&7 -k 1.10 g/L i TW
80 ¥ 5 min J5 B £ 70.00% £ B2 30 s,
T JE 8 TG RDK FE A i S 3 Ik, Tk At
SRR E T LEE 0489, 754 C TFRH&
.
1.3.2.3 R LWLk B 1.00 mL £
5 —IRPEH R L HE K E 10.00 mm — P35 73 I
Hr, A2 15.00 mL BELER ok R A A B IS o A
(YPD) [E{RSEFRE, MRIBL), SfkEniti
f5, 7E28 CThFE 3 d, BUEsRE BRI T
PR PR SR P R FR B
1.3.24 BB RENEEMAEY ORI FE
A A 38 5 A I A SR KR, ) T T B R B
2.00 mm [y, CE T 100.00 mL Jg B AE B A
JKH, FE 28 C, 150 r/min &4 FRE% 24 h #647
PR PE SR P R B B
1325 FfERENEEMEDH > E B
1.00 mL &% J5 A # £ /KT 100.00 mL Y YPD &
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REEFE R, AE 28 C, 150 r/min £/ R &4 48 h,
b J5 R B SR IS W RS SR B EATHE 4 'C, 10000 r/min
TEL S min, KRR EERETRE, HJCEAERIK
VR 2 K, TO TR A B 7KCRFH ODgoo 11 0.60
~0.80, [ B FH AR F HE /K F B 10, 100, 1000 £,
WZHL 100.00 pl AR AN ()£ 50 AR B R /K B aR T
YPD [E{RsEFRE T, 18 28 CAMF IRETR 3 d, el
T Ve B ) B TR R A T R T PR

1.3.2.6 7[5 Ml B p bR ) W0 0 PREER BRI T
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B T TG 85 SR ) B B T A T S 0

1.3.2.7 7= [BEIRER AR 2E40  PREUA B T %
LR B FATR V& TR YPD [ 14 35 35 B v g AT R £k,
TE 28 C A4 N HEF% 48 h, BRI IR B P iR R
R VE AT PRI &, 7E 28 C R F TS IT 48
h, & 3Rk, TR,

1.3.2.8 77 5l R B bR A A2 0 PR AAR IS 1Y
7% E T 30.00 mL YPD RS F=Hd, A
30.00 pL FLA& 78 WAF 45, FE 28 'C, 150 r/min |
B55% 48 h, WZHL 1.00 mL % B9 T 5.00 mL 2.0
B, A 1.00 mL ZFR ZFE, #fiE30s, & 10 s
EREE 2 R, BEJSTE 10000 r/min Z5F R ELL 6
min, ] 1.00 mL JopEvEST a8 E EREER, 2
it 0.22 um A HLIERE T 2.00 mL A i35 /)
M, BE T 20 CHATIRE, KA BUR
A GC—MS BEATAGIN, 0™ 1y v 2 (B At ) B
M5 100.00 mL YPD #5355 55555 12 h, BEUE 4
WHERAFE T, 5 30.00% HiliE 1 LIEG iR
JiE, F —80 CyKA R

1329 RWMIESEE W 10.00 pL H 8w
F 50.00 mL YPD 537 K vp, ¥£ 28 C, 150 r/min
S5 TG 48 h, WREHGEAL JE R TR AR 1.00 mL T
100.00 mL YPD 475555, 7£ 28 C, 150 r/min
AN EERTR 24 h, B S IO AR KE T
TR B, R 10.00 pL B A SRR SRR S
REYZ], PRI FREME T, RS R &
WG 30 s, i TCRUK R IR 2 R GukhE 1
BHERERIEAR,

1.3.2.10  FFPEEE  F IO TR B B IARS BRUH 4
T YPD [EfARE IR A EE T4, 7E 28 C& M4
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PR A N U A A TR, FREH PR AR
DNA, &AM G 687 A B, £ 0F, W
FF 45 5 FF NCBI W 3} (https://blast.ncbi.nlm.nih.
gov/Blast.cgi) AT HOXF 44T, —fRF7E NCBI
RS B R E 97% DAF B[RS e i
PrRpEI W AR S AR

1.3.2.11  F=[RIMHER s R I L R e T R
1.3.2.9 Wy BT RIMRIGE AL, PREBUGR R R T
F 50.00 mL YPD 555 5555 12 h, BEM A
— B, FEJEUE 1.00 mL 55— QB A BT
1 50.00 mL YPD JE Eiissss 12 h, BFEN NES
TARE, HEREFR 2048, GEECL, 3.5, 7. 9, 11,
13, 15, 17, 19 /£ & F 30.00 mL YPD % = &
BEAT BRI A S A s, PR & 10.00 g/L,
FUAG VY WA I 0T & ¥k B2 4 1.00 g/L, & [#% 48 h,
PFRBERIEATZE R, AP VAR 1.3.2.8, HAH
oA T 5 A A R A

1.3.2.12  pH {E X} [ A = B a9 52 AP AL
FLREC . YPD 1353 50.00 g/L. TW 80 iRl &
7 4.00 g/L, F 0.10 mol/L {45 12 iR Y2 i A1 0.20
mol/L F B R S 4N 2% i W R 15 7 2 pH 43 319 1
7 3.00. 4.00, 5.00. 6.00. 7.00. 8.00, 4F 250.00
mL £ J& i % W & 1 30.00 mL, &R ZE R K
B 0.10 MPa, 121 ‘C, 15min, ¥ #1J5, 3% f
JT & Wk B2 A 10.00 g/L YR B BE, T 28 C, 150
r/min ZEY) AL 48 b, HUA 5 RS SR AL T B AR
FEE AR

1.3.2.13  FEFP IO RIAHER - 22 A%
R EREC Ty . HIARE S I &4 20.00 g/, TW 80
WSINE R 4.00 g/L, ZIES A EEEHR U, B
BEH. EOK. BEAK. FRE. K.
FrERR S, WIS 30.00 g/L, ¥ pH H
4.00, REWE, KEITEREMER 1.3.2.12,
1.3.2.14  FRUFFPISNT RIAMER = A0 A 4%
REREL 7 . A EE IS4 30.00 g/L, TW 80
TSI R 4.00 g/L, Bk 43 0 kR AR, SR
FLME. RERE. D— (+) AR¥E, D—ILREE, R
MR, HEREE, Hh. BEARHMER. KREER, B
B 1574 30.00 g/L, pH Jy4.00, K., KK JTT
BN E R 1.3.2.12,
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1.3.2.15 @b Fht BB~ 0 52 A9
AL . 4B ISR 30.00 g/L, SR
iR VR NN &4 20.00 g/L. TWS0 il &4 4.00 g/L.
B EAE, Sieah. S Fib
B ORERER, FLEREE, XV &EE FIRINEY
P4 100.00 mg/L, pH K 4.00, &, K
Tk R R 1.3.2.12,

1.3.2.16 i B V.6 4% ol & X6 (50 A ] 7= = 1Y) 52
e AR REALE R A B S & A 30.00
g/L. SERBRUN &K 20.00 /L, TWS0 75 fill &
4 4.00 g/L, pH A 4.00, BRIV &5 5
0.00. 0.25. 0.5, 0.75. 1.00 g/L, Wi, K
Tk Je e AR 1.3.2.12, BR50K [F] S R RN
20T [ Al T R )

1.3.2.17  SESRERES &) R AR R = s g AR
YA B RS . A B S & R 30.00 g/L
TW 80 ¥ fill & 2 4.00 /L. i FR V. 2k 45 Ml & 4y
0.50 g/L, pH 4 4.00, SERFRVSNNE 354 0.00,
10.00, 20.00, 30.00, 40.00 g/L, *:ik&. K
TE KM E R 1.3.2.12, FRICAE SE R BRI I
0T [ Al = Y R

1.3.2.18 A4 WERINEXT FEARE = 8 g &
YA B IC 7y SRR WS I & R 30.00 g/,
TW 80 ¥ hll & 24y 4.00 g/L. i fR . 2k 75 fill & 2h
0.50 g/L, pH } 4.00, 4-PIEFRANES51 0.00.
15.00. 30.00, 45.00, 60.00 g/L, *: &, K
Ty Je A R 1.3.2.12, RN A 4= B I
20T [ Al T R )

1.3.3  Sr#rka i

1.33.1 SHH@E (GC) & HENE DM
Tr kI AEB . %A . HP—5MS (30.00 m
x025mmx025um), t T & K K & 1.00
mL/min ; fMES . KIAEFEIES (FID) 5 i
BE TR BE . 250 'C, FE 77 4.96 psi, #EEEH 1.00
ul s FHEFET . WIEREEE 50 €, PA20 C/min F}
£ 160 C, 4% 4F 3 min i PA 13 ‘C/min F} & 210
C, f&%F 1 min; J5iafTIRE 220 C, B[] 3 min;
A WEAAR, 1 50, SEAE 35.00
25 5% i 350.00 mL/min, & X i &
21.00 mL/min,

1.3.3.2  [FMHE SAH g e &y dsr A
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Figure 1 Standard curve for nootkatone
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HIR BN, ERONA TS BRI IRRE e, IR i H EL A (B A R RE ) A AR
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Figure 3 Isolated microbial colonies from the orange peel ik EEESIE S in, SBEEY
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Figure 5 Colony morphology of strain P1 on agar plate
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FE HAlF N ZEEIE, 456 16S tDNA 71
g5, HIBrZ B BRI 221 0, FR K
PN FLANE (B 22 B B B A fa e b, SRR
Pk, Bt AR R E LA, T
(S)—4— & 3— RETIRAHEE ", TMiZEMEE
2E S B L1 FLAKH i 22 B B3 ] BE A 7E 4 28 RO A1 g
6 F F AL CYPA50 FISA A B, RERFELIE VU AR
I A A A R AR 2, TR Bl A SR R4S R
KR E =Y AL R, AR Rk
B AR TE R4, S5 H alA GE B gy
HRETZESR, 50 LB AN 2226 B2 R R Y
BB A AN U0 B RF BUAE P AR e A Ry TR AR

K2 HAMERHRE

Table 2  Strain identification report

FE A TR [ P kil
Starmerella
Pl 348/348 (100%) )
sorbosivorans

IN021672.1 Starmerella sorbosivorans strain DMic
63 . .
MK182823.1 Starmerella magnoliae strain HH6

MKO040519.1 Fungal sp. strain Y473

MW544062.1 Starmerella gropengiesseri culture CBS:156

76 _E MT796130.1 Tetracoccosporium aerium isolate CK-H6
93 MW544063.1 Candida spenceri culture CBS:11673

pp840299.1 Starmerella magnoliae isolate X3

3 KM982978.1 Cabdida cf. sorbosivorans YCH1239
EF060797.1 Saccharomycetales sp. LM498
27 PQ249108.1 Starmerella sp. strain FDM2
33

KJ707214.1 Bandonia marina strain DBMY997

7 P1EFELH

Figure 7 The evolutionary tree of P1 bacterial strains
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