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optimization of fermentation conditions
SONG Xianjuan', SUN Aidi', ZHANG Rui’, ZHOU Peirong',
HUANG Aixiang', WANG Xuefeng'

(1. College of Food Science and Technology, Yunnan Agricultural University,
Kunming 650201, China; 2. Binzhou Inspection and Testing Center,
Binzhou 256600, Shandong, China)
Abstract : In order to provide reference for the acquisition and related studies of nervonic acid, Yunnan's
characteristic woody oil Moringa oleifolia seed oil was used as the substrate to select the strains with high
nervonic acid production from four oil — producing strains. The fermentation conditions of the selected
strains were optimized by single factor experiment and response surface methodology. The composition
and content of fatty acids in the lyophilized powder of the selected strains obtained by fermentation with or
without Moringa oleifolia seed oil emulsion (volume ratio of Moringa oleifolia seed oil, water and Tween
80 2:2:1) were determined by GC — MS. The results showed that Saccharomyces rhodospora GDMCC
2.226 was the best strain to produce nervonic acid. The optimal fermentation conditions of Saccharomyces

rhodospora GDMCC 2.226 were as follows: Moringa oleifolia seed oil (in the form of emulsion) dosage

7% , bacterial fluid dosage 10% , culture
Wi B A 2023 - 11 - 03 ;f&[E] B #7:2024 - 09 - 30

BESWH : =4 H AP % 1 (202102AE090027 ) ; A
BReEROR Prey 2022—2024 4R FEFHAERHEAA 628 TRRIE
FEZRA R IE (1999) .40 L WE5eE L BH5 07 1 £ the extract of Saccharomyces rhodospora GDMCC
11 T 524> ( E-mail ) 2867384336 @ qq. com, 2.226 was 2. 40 mg/mL The contents of
BEEE . T, BIZ% 181 (E-mail ) 364135728 @ qq. com, saturated fatty acids, monounsaturated fatty acids

temperature 28 °C and culture time 48 h. Under

these conditions, the content of nervonic acid in
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and polyunsaturated fatty acids (accounting for total fatty acids) in lyophilized powder of Saccharomyces
rhodospora GDMCC 2.226 obtained by fermentation without Moringa oleifolia seed oil emulsion ( control )
were 38.91% ,

The contents of saturated fatty acids, monounsaturated fatty acids and polyunsaturated fatty acids

41.92% and 19.18% , respectively, and the content of nervonic acid was 10. 983 wg/g.

(accounting for total fatty acids) were 48.57% , 31.98% and 19.46% , respectively, and the content of
nervonic acid was 13. 518 pg/g in the lyophilized powder of Saccharomyces rhodospora GDMCC 2. 226
obtained by fermentation with Moringa oleifolia seed oil emulsion, and its absolute content of nervonic
acid was 23. 1% higher than that of the control. In conclusion, adding Moringa oleifolia seed oil
substrate can increase the absolute content of nervonic acid in the lyophilized powder of strain.
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Fig.1 Influence of culture time on nervonic acid

content in yeast extract
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Fig.3 Influence of bacterial fluid dosage on nervonic

acid content in yeast extract
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Fig.4 Influence of Moringa oleifolia seed oil dosage on
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THRMAE K, B 2@k . FH L,
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2.3 W £Fa84(GDMCC 2.226) & B = A% 4 B
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FERA DR R L0 B I [ e BRI 28 °C, LATH
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Table 2 Factors and levels of response surface methodology

K A i%?% B R (;%Mi*ﬁﬂa
i a]/h WInte/ % WInie/ %
-1 24 8 4
0 36 10 6
48 12 8
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®3 MEEXRERITSER
Table 3 Design and results of response

surface methodology

Ly A B C MR (mg/ml)
1 0 0 0 2.34
2 0 1 1 2.30
3 -1 0 -1 1.43
4 0 -1 -1 1.98
5 0 0 0 2.32
6 1 1 0 2.38
7 -1 0 1 1.39
8 0 0 0 2.26
9 -1 -1 0 1.45
10 1 0 -1 2.01
11 1 0 1 2.30
12 -1 1 0 1.44
13 1 -1 0 2.28
14 0 1 -1 1.97
15 0 -1 1 2.13
16 0 0 0 2.33
17 0 0 0 2.34

FIF Design — Expert. v8.0. 6. 1 F X} % 3
Bagd i 2o hlHG , SRR AR & E(Y) 54
PRIZ [ 5 F. Y =2.320 +0. 4104 +0. 0318 +
0.091C +0.027AB +0. 083AC +0. 045BC - 0. 3704 -
0.059B% —0. 160C* , X [m] T 5 Y 00 5 85t 3 M 43 A
RN K A4,

R4 EPEERFTENN

Table 4 Analysis of variance of regression model

3 SFHM HEE ¥ F P

T 2.20 9 0.24 79.49 < 0.000 1"
A 1.33 1 1.33  432.42 < 0.000 1"
B 7.81E-003 1 7.81E-003 2.54 0.1548

C 0.07 1 0.07 21.68  0.0023"
AB 3.03E-003 1 3.03E-003 0.98 0.3541
AC 0.03 1 0.03 8.86  0.0206"
BC 8.10E-003 1 8.10E-003 2.64 0.1485

A 0.58 1 0.58  189.15 < 0.000 1***
B 0.02 1 0.02 4.77  0.0652

c’ 0.11 1 0.11 36.86  0.0005"**
% 0.02 7 3.07E -003

ST 0.02 3 5.68£-003 5.07 0.0755
4R 4.48E-003 4  1.12E-003

BiRE 2.22 16

T o o« FORREZEH (p<0.001), + = Foxik ¥
(p<0.01), * F/R &% (p<0.05)
Note: * * * p<0.001, % * p<0.01, = p<0.05

IR 4 Al DL, MRN8 W 2, AR AN 2 3, i
RIS RLAF o 3 IR0 T 4R U i 28R

HEIEI RN A > C > B, ISR E] > HORKF
TSI > PRGN I, HG b 55 9% N 1] 549 52 0 g 2
S RN I B RS 2 2 o SR Design —
Expert. v8. 0. 6. 1 #c{F 7153 45 21 [/ 21 & 1 1% £
(GDMCC 2.226) 7 i 28 B2 1) d5e £ I 4% 1k B 5
IFI) 48 b TE AN N 10. 17% AT i 5 0
6. 63% ,TELLARME T R SR Y h M 2 R 3 1 PG
{EH 2.39 mg/mL, 455 SEPRERAE A Tl (818, e et
TR AT VR 88 g B SR I E] 48 h RSN 10% |
BAKFMES I 7% , (MR T 34T 3 41752
0, 4% 21 R b 52 B b Al 2 RO 2 R O 2,40
mg/mL, 5 IS E I
2.4 21 £ 308+ (GDMCC 2.226) 4 T8 F fg b
BRAARA AT

TEACHY R BEZRAE T 5 1. 2.6 BYJT ik, IR
ISR AT o LV Ry oF B, o [ 41 4% A Ji% B ( GDMCC
2.226) PEAT I, A 1. 2.7 J7 ki IR 21 A& R 1
BE(GDMCC 2. 226) P15 P IR D5 R 4 Bl % 5 4, 45
RANFE S PR

x5 EOIZBEEE(GDMCC 2.226)
HFMHERAR KR &8
Table S Fatty acid composition and content in lyophilized
powder of Saccharomyces rhodospora GDMCC 2. 226

AIIEZ

Wb v e
nere (ng/g) ’
TR (C6:0) 0.230 0.598 160.0
FH2(C8:0) 0.743 1.788  140.6
24152 ( C10:0) 0.771 5.644  632.0
T —JlR (C11:0) 0.707 0.892  26.2
B FERR (C12:0) 10.129 21.930 116.5
T =R (C13:0) 0.649 0.777  19.7
2R (C14:0) 36.378  123.178  238.6
i -9 - R (Cl4:1n5) 13,717 9.702 -29.3
AR (C15:0) 29.636 28.077 -5.3
J - 10 -+ F 45 (C15:1n5) 4.769 4.273 -10.4
KA (C16:0) 611.427 1761.254 188.1
I -9 — KEMEIER (C16:1n7)  554.041 1313.753  137.1
AR (C17:0) 106.876  117.028 9.5
i -10 - +E/ER(C17:107)  132.518  102.342 -22.8
g2 (C18:0) 288.627  118.837 -58.8
MR (C18:1n9t1) 15.901 42.498 167.3
MR (C18:1n9) 653.443  999.029  52.9
J R (C18:2n61) 6.002  235.991 3831.9
VAR (C18:2n6) 523.372 1100.961 110.4
TEAER (€20:0) 25.803  613.237 2276.6
v - WEJRRR (C18:3n6) 1.891 58.891 3014.3




i 3

2025 4F 55 50 4% 55 3 #i rh
&gk S
NIIBZ 7N
" O A -5 | <V
Wi DR Ly
(ng/g)
- 11 - =Rk
(€20:119) 53.790  325.980 506.0
o - WHRIR(C18:3n3) 100.327  253.828 153.0
— R (C21:0) 5.623 62.577 1012.9
Wi - 11,14 - — Bk — IR
(C20:206) 4.836 39.148  709.5
4R (C22:0) 43.795  609.756 1292.3
HOMO -y — i R 2 ( C20:3n6) 2.820 36.431 1191.9
FFHR (C22:1n9) 5.737 71.819 1151.9
- 11,14 17 - Z—+-fif =I5
(C20:313) 3.725 5.409  45.2
A6 A DU TR (C20:4n6) 4.275 12.861  200.8
T =hEER(C23:0) 6.654  111.067 1569.2
Wi —13,16 - —+ —fk IR
(C22:206) 5.610 3.267 -41.8
Ak B ER (C20:5n3) 2.401 3.976  65.6
AKIETR (C24:0) 172.911  802.298 364.0
TR (C24:1n9) 10.983 13.518  23.1
T TRRANIEIR (C22:6n3) 5.658 3.372 -40.4
SFA 1340.959 4378.938 226.6
MUFA 1444.899 2882.914  99.5
PUFA 660.917 1754.135 165.4

H13% 5 AL, (B 2T 4 ff i B (GDMCC 2. 226) ¥ T
FREIRZH H I AIRRIDIIR (SFA) 5504 1 340.959 pe/g,
b7 BRI R A BRI 38.91% , LIREREER (C16:0) fifi
JIRER (C18:0) FIAMBERR (C24:0) 2 3 , BRI AR
FR(MUFA) 54 1 444.899 wg/g, o5 BRI R &
MY 41.92% , IR (C18:1n9) JIil -9 — FEtH IR
(C16:1n7) Jiii =10 — F-EIEER (C17: 1n7) K E, £
AMEFIREITER (PUFA ) & 528 660. 917 ne/g, i B ik
U R 5 A 19, 18% , ANV 3R ( C18:2n6) Fl a — iIF.
JIRIER (C18:3n3) S 3 o S IIFAKT I 2L & 8% 1 15
ZI A EERE(GDMCC 2. 226) R Ty SFA & 22
4 378.938 pg/g, b SRR & fE 1Y 48. 57% , LUKR
HHFR(C16:0) AHERR (C24:0) FEAERR (€20:0) 0
IR (C22:0) 4 3, MUFA 4 &y 2 882. 914
/g, i ST R & Y 31.98% , DA - 9 — kR
MR (C16: 1n7) B2 (C18:1n9) F — 11 — —-}Hk
MR (C20: 1n9) Ky 3, PUFA & & K 1 754. 135
ne/g, 5 B g B R & Y 19, 46% , LA I R
(C18:2n6) Ry 3o TS NBRAKE I FL K A e 1) [ 214
JfERE ( GDMCC 2. 226) 7T 2R ( C24: 1n9)
Tt o 13.518 pg/g, HoXF HE 41 b bl & R A
(10.983 wg/g) #F T 23. 1% , i B LA KR

I RE A5 A1 1 51 21 4 R ¥ B ( GDMCC 2. 226) %%
AR B Z 2R, [ ik A Z 8 PUFA & &t
i E AR, A0y - ERRPAR (C18:3n6) a — WJFRIR
(C18:3n3) JWi — 11,14 — — MR (C20:2n6) |
HOMO -y — WJFRER (C20: 3n6 ) 55, A543 T 15 [ £
ZAAPERE(GDMCC 2. 226 ) P T4y bl 28 R 4t % 75
BRI PR (R PR & i 5 BRI R 1 i LA
THAAI , AR B A S P A A P A — o Jr BR A o
3 & i
ALV B R O R A A I B AR N IS
P4 Tl 3 B o A 1 [ £ A A B ( GDMCC
2.226) A IR A s TR A, i Ao B PR AR S 4
5 M) 1 T2 75 38 L A A R T 25 A R A I s
7% (LAFLBOEASM) ERA & 10% (3557 15 5
28 °C \HEFEET] 48 ho AT U INBRAKT T 2L
ARG [ £1 4 f ¥ B} (GDMCC 2. 226) I T3
Hh 2R 5 1530y 10. 983 pg/g #113.518 pe/g,
Ja# LRTE I ph A i & 4T 7 23. 1% , i
ISINBRAKE MR Y ] DR S WA R TR rh A 2R &
i R & SR TR O i LA, S
LA AT LAZE 5 s 4 2 PRI A 2= R AR A2 4l R
L1 F 8B (GDMCC 2. 226) LIS N i) Ak 7 pih 22
PR 1) B S G AL i — R S S
AR EEPER R, LR R s L mRi B i .
S 30k
[1] LIU F, WANG P, XIONG X, et al. A review of nervonic
acid production in plants; Prospects for the genetic
engineering of high nervonic acid cultivars plants[ J/OL].
Front Plant Sci, 2021, 12; 626625 [ 2023 — 11 - 03 ].
https ://doi. org/10. 3389/fpls. 2021. 626625.
(2] MitE s, nk i v 4l b 2 2 1 il 25 F 5
T PR, 2018.
(3] ZEFRU. S RTHRISANI T S A8 K8 B S e R s L 5 5 1
FELD]. WAL HRHEE . b TR R, 2020.
[4] TSUJIMOTO M, KIMURA K. New fatty acids in shark —
liver oil[ J]. J Soc Chem, 1926, 46 385 —388.
[5] 365, 2 B, XA %, . F JH 3 8 Mychonastes afer
HSO -3 A =& R ITFFEHIAR [ C 1/ /v B A 235
SRS ARG T ARWRFER IS SR SO 4. -
5 P EVETEBIE 2y, 2011 229.
Fen B R V2 R R T R M R 0 R B R 1
FERARALL D] Jbat: JEatRHE R ,2020.
FILLET S, RONCHEL C, CALLEJO C, et al. Engineering

D].

[6

[

[7

[

Rhodosporidium toruloides for the production of very long —
chain monounsaturated fatty acid — rich oils [ J]. Appl
Microbiol Biotechnol, 2017, 101(19) . 7271 —7280.

(F4% 59 W)



2025 4 55 50 45 55 3 1] T

i >9

I 3 R, SR 2 R R IS R (AR W AR E
BEESEFAI T A R , R 2 F TS TEffifE 7 d
oA it [ AR ERLE I BR = (8, 7E66 A7 10 d I E
TE S AT [ AR RN (R B SE{EL, At A st () ik 10 d
J&  BRAET i SN e 7Ef# A7 30 d IR (KOH) 2
iKF|21.8 mg/g, X A]RER R Z R R AR P
PUBUEE #8255 TR (R A= 45U 3 S 8 I 1 2 BRI
JEAS/IN RV R, 5 A ML £,
SRR A R R IR, B B
3 &

ARSI E T AN AT XI5 R 2RI R
MG . APRRY] SRR RTE X GEY]
BRYA R AEDE B BRSSO BES  RASH
B UL IR — DL b, R 2RI (A Y R
GB 19300—2014 FyFR 1 2K, B KM 5, A A 4.4
B X IIO0T MO 42 ik 23 A7 1Y, 25 IR BE I i 7
RORPL TR A2 SRR EE 1Y, e A8 A58 4 6 7 2%
BT AT, ZEIPT AR S A2 SO
AR R ZR0F T, SR EAEDE B BRHES it F
RO . B2 SRR E R 2 T fr 7 d A2
A E FARMERLE R S, N AL T ZHR
FAEAGHE T RE 5 A B i BT M A7 SRR G, A
RALLARAE R 2R —4F , R BB A R . T2
PR TR A A I ) 0T 8 2 BRI B it JB 1) 5
S 30k
(1] BEEEMS, TUBEbR, XIHLRH, 25 7[R RS RS R b

IRAYEA T T]. AR, 2021, 46(8) : 81 —86.
(2] BBZ, AREHR, SkE:RR, 45 ZRRME IR S RN (T
BFFEHEREL)]. KA RH, 2019, 27(6) : 86 -92.
(3] SR, M. 20T T B B O S B 9T 0

[J]. ek 4Rk, 2019, 25(20) ; 46 -48, 61.

(4] FF50H. 220K M X i e 0P8 50 0 1 DR/ FH R bl
HIAFFRLD]. g AR, 2017.

[5] #adh. ZRRR R At REm st [ D], &K
W RV T RS, 2020.

[6] ANILAKUMAR K R, PAL A, KHANUM F, et al.

Nutritional, medicinal and industrial uses of sesame
( Sesamum indicum L.) seeds: An overview [ J].
Conspec Sci, 2010, 75(4) . 159 - 168.

(7] FEE, FWH, B8, 5 ZIRE IR e A
JATRYSANRLT ] MIRRIARITSE, 2014, 41(4) ; 331 -336.

[8] NAMIKI M. Nutraceutical functions of sesame: A review
[J]. Crit Rev Food Sci Nutr, 2007, 47(7) : 651 —673.

(O] SRAEDE, 9+ A7k, 55 2 Rkl S A E P50 0t e
[J]. A7 inT,2020(19) :90 - 93.

[10] JInee, FEAR. Apkim b 5T B I Ae g 1 i) 52 o PR 3R 4
PPLT]. HEEmAg, 2016, 41(1) : 60 - 63.

[11] PIGNITTER M, STOLZE K, GARTNER S, et al. Cold

Agric

fluorescent light as major inducer of lipid oxidation in
soybean oil stored at household conditions for eight weeks
[J]. T Agric Food Chem, 2014, 62(10) : 2297 —2305.

[12] 2240, 3 H, 2ty OB #out JLA AR a5
(SN[ ]. M, 2008(9) : 53 -56.

(13 ] Ze RS R £ IR IR 0 SR PR B e 22 4k
WRFEBEREL )] B Sl ,2006(5) :34 - 37.

[14] BRI, XFE, AR5 BE, 5. T 2 BRI A )52 mig P9 3%
[J]. &4 59),2022(25) .85 - 87.

[IS] Phaik, EHEME, AROMS, <. I AL RO 28R i ot
ML) ], ERO A SR, 2019, 21(6) - 87 -93.

[16] Fm3E, k=, WKFHERAE, 55, 58 CO, TR 2
IR IEURH BRI [T ], A A A4, 2020, 35(8) -
896 -901.

(E#% 35 1)

[8] CHEN D J, YAN L H, LI Q, et al. Bioconversion of
conjugated  linoleic acid by Lactobacillus  plantarum
CGMCC8198 supplemented with Acer truncatum Bunge seeds
oil[ J]. Food Sci Biotechnol, 2017, 26(6) : 1595 —1611.

[9] HUANG C, CHEN X, XIONG L, et al. Microbial oil
production from corncob acid hydrolysate by oleaginous
yeast Trichosporon coremiiforme [ J ].
2013, 49. 273 -278.

[10] BRI, o™ 22 iR TR B AL g S R B 25 A i 1

[D]. Jbxt: JEatfh TR, 2020.
[11] ABELN F, CHUCK C J. The role of temperature, pH and

Biomass Bioenerg,

nutrition in process development of the unique oleaginous

yeast Metschnikowia pulcherrima [ J]. J Chem Technol
Biotechnol, 2020, 95(4): 1163 - 1172.

C12] XWEK, ¥, ARAEHE, &5 M EORFE FF I & 1Y
e B Al LA T ] W ZREERDIL R 2274 (SR
M), 2022, 38(2) : 143 —153.

[13] mfik, Smess, mWl, . [RIZLA AR REA A ) S
AP R R R R A ()] BRI TR,
2020, 38(8): 52 -57.

[14] skgimd, TR, MHE, 4. i\l w 2 T2
ZRIFRACLT]. IR, 2021, 43(6) : 30 -35.





