i A REVE
' FARZMR  Renewable Energy Resources
ISSN 1671-5292,CN 21-1469/TK

(PTEAERTR) MZE R

RH 7 H TR I R TR AR I B2 L Y5 71 i

(= KR, WHM, Rasool Kamal, #X52{f:

DOI: 10.13941/j.cnki.21-1469/tk.20220908.001

WA A 2022-03-26

Mg E R HE:  2022-09-09

51 e = KIEFk, WM, Rasool Kamal, MXSER. 7= BERE R TR RS VI A H2 B R 0 77

Ji[IOL]. W] A fEIE
https://doi.org/10.13941/j.cnki.21-1469/tk.20220908.001

@n(rr@;»m

www.cnki.net

WIS ER: EdmBE LIRS, ffk NSRRI 2 DR R HEBUE R BN g & R S5y
B HEMBARCLE, HEEFRATIF B8 FE TR HEROE i de 5 H e fa 4 )
TURFE RGN CBIEMZ LI HBUS IR, AT AEE MAREE . &, WIS, B g % R de
AR 2 HL DU Y CUfh E ) BV s R P B e 1 o S P S8 Al I 2% 1 AR A B e AUAF £ (il
R ERZEB) A1 CITI AR BAE Y A RE s 2 ARWE TR A B . Bl Rl 77 &g
BB TUSCSR R, AR ARANGGAT 9 S AR ABUT s R fh N 2 LA R 15 [ A R 5T i
HURR AR AR, IERAE MG IVEIE 5307 155 87 ANCTRE e TR AL R IR TE S
N ERF ERAI A BRI, SR ERG — 25, AMRBSOESCEH | 1EH . HUE A FRAER A2,
FURTEE T g A HEAT > B0 IE K

HREEIN : 40U TR EE I S (R E2EARIIT] OsfiBoO) By REHARAREL, £ (FE
FARWIH (MZRREO) HARESRE T & LA 5 405 T N 7 — SR i, DL BRI RO 30, A2 BRI
AR BT HI AR SO AT E R . HERROE RS . BN E R . B (o B AR (RIZRRO) A2 B 5l
FIR) FL A SR A R I 4 S R R (ISSN 2096-4188, CN 11-6037/Z), It LAZE 2 3T 1) 099 4% i 9 24 27
RSN IE AR



10.13941/j.cnki.21-1469/tk.20220908.001

2022-09-09 11:05:41

https.//kns.cnki.net/kemg/detail/21.1469.TK .20220908.1606.002.html

%41 K % 4
2023 44 A

T RERETR

Renewable Energy Resources

Vol.41 No.4
Apr. 2023

7= S B £ & B BB O A 1R Y R R A % i

Ko 3, HHE W 2 Rasool Kamal'?, R Z4H& 12

(LR EBEERE KEAA DB AW BORER, £7T Ki%

116023; 2. EBERE KT 2- Y IS

fir RETREFEAYRRE SLWE, 107 K% 116023; 3. FEEBERE R, JLat 100049)

OB NS SR R E AR BRI s, SCRE LA LT B R BB SRR, B VAR X A T Ak
HPPAL T 24 RSO SRIBCMERE . BFSCARARI] . SRRV, I RUT Rt S0y S Lk AT A IR
ZLI R BRI AR | TR R T SR M 70 SRR AR AR PRV R S AN RE B I A 5 i 8 20 £ R AL P E o)
AN BEA T (05 R B RV RS A PR R IR 1 2 B IR, A7) T B BB P i 5 ) PR A 19 TP R
THEBER £ 1 LA BE A R, IR BRI BIA R T 85% M1 59% , ELATAHIR 5 #Y 2HL AA5 FRFAA: S2 A i

AR

REIR: BRI RIS SREBGH]; AR AU

HESES: TK6

0 3|F

THAE R A A T PO AT B Y B
fir, AT A IR AE S A Tl A e P4 B R
POl EAS I Tk, (b A N RALFTE 2021
FERSGTF A SRR A, FRIE 2021 4
HEOAEYIR 1039 J7 t, 8 10K 5 9 652 J7 t, i Ag
IR IE CRAE B I = T, R4k [ B 3
275 PENE AT, TR TR 1 A ) A
P S 1 S ES [T /2 L5 e NV o a1 = 2
BT T O R [ A T AR B R AR 2R

R P AR T T R P R R0 A 40 i
T 20% Lk I, SFRHRMEYAR L, R =il
TR ke K A B W R MR 20 7 Ak R i g
A A=A A2 - b B ) S 3
S — P R AR A e 2, R AR
Y 22 A4S H Il =8 (Triacylglycerol, TAG) , H:
N I TR 2B -S5 A T AR, PR o] 3 B Ak T
FINBAAE PR T Al 2

BT AR P 20 R R RGN | 4t i R 1 45
Hsr 5 2%, 58U P IR AR XMEAG B Fh 7
AREE B RS 2, S E i IR R O i —
P B A M YA BRI SRR G A AN Ak By
TR E A BRI R A SR TR
OB RRAS Ik o e o SR 3V DA SRR AL B |

WK HE: 2022-03-26,

XERFRERD: A XEHS. 1671-5292(2022)00-0000-07

il S A2 R R AN [ 20 Ak 38R R 24
BERREREAN ], B H B 542 fe dE i )2 1%
AR SRIHT Ay 74342 UK P i o, A4
W tE SRR G AR IR, ande s FH Y Folch
LB Bligh—Dyer 25135 2% FH FH s — G 05 15 7 A
IRy R B O T, 24 i oAk 2
WFAFE L 20 A% . AR . PR A R ESS: )
R ME AR H o SR, FE L350 o 7 Rg iz i
U BIAN AR EE TR ML IR BT N 8 Ok . X
WL, AT S P LL R R B &
PEBGAE WM IE PR AT Ik 83% , {H IS {5 kb 3™
TMZLRERET- 400 W AR ER R HA 26.6%", i
PR Z B FIVERT . T ARRH AL RS SS
e

[R 2T 5] ( Rhodotorula toruloides ) J&= 25 AR
P AR B =i e R AT R A2 2R R A T PN
MRS R AR T E 1) 70% LA b, E8 Iz 0
FHTRAEYRMAREAR B M, S ST 1 2 i)
TMARFRIO %, AR SC VAR 2T B B % BB W SRkt
EL U RIS T AR VTG T 24 FREE I
PRIHERE X SEIR LR S RS bekedt
KR ARGE A REE e . X A MR T e IR
FXS P BRI T2 53034, AR 1)
PERTSHRIBE I CR . RS TR BT

E€WH: BEFRESWETTRIIH (2021YFC2103700) ; 3% 1 a1 S QTH AT B SZ R 12155 H (2021RT04) .
EWUESE ., EHM1987-), &, W-Lars A, TR, 5F 505 m o A Y s e IR AE P AL H AR . E—mail ; huanggitian@dicp.ac.cn



RER, G b BEE R BRI R IR S A 6 i

it Ak $H O R VAR ) A e AR R BBCHT 0k
1 #R5HE*®
1.1 B

[RIZL e RE CGMCC 2.1389 ) [ Hh [l - o A=
SR PS R =S LU
12 4%

YEPD 5553 (g/L): MEREHRM 10, HEMR
20, # %0 20, SRR 18 (T AR 5745 ) . pH
54 6.0,

FRASE SR (/L) #4505 50, (NH,).S0,0.1,
FEERR Y 0.75,MeS0,+TH0 1.5, 5 FH 53 Ka 4
10 mL IR ICRIFW

ﬁiﬁ%‘%/ﬁ(& (g/L) [12]: CaCl,-2H,0 4, FeSO,-
TH,0 0.055, — /KSR 0.52,ZnS0,-7TH,0 0.1,
MnSO0,-H,0 0.076,18 M H,S0, 100 pL.

1.3 i ig 32 B )

R L SENEE  IE N B OE TR ST
PIBE 1,1,1,3,3- 080 T k¢ . 2H, 3H- T FUM ke
HORUT JElik | R | CR CR L TR ik
R R 1,2- A Okt AR b A ke
DU b A R e IE CbE | IE SRR R
s RS TR A 2Bt S1,82,83, -,
S22,823,824, BRIKAN, BT A %R R 4 A el 1
TREH RS
1.4 &bl BRA &

i FH 15-L & % & 58 (Blbio—15FMT) #E 17 5]
CLEEREE AW, 7E 7.2 LAY PR AU 3R 5L b A
10% RN YEPD 4% 35 215 Ak 9 5 1 el
FW, WERLHR 0.6 m¥(m*-min), KRR
30 °C, #HkH4 3 Ky 200 /min, #E T K 0.06 MPa, 3
K120 h, RGN, KR HEAR S =0
16.15 g/L, B AR 0.65 o/g, B K AT R
RGOV S
1.5 i Ag R BTy ik
1.5.1 %5k

{24 Fiogs ) B IBUR TR R AR (5
IKEH R EC e AR ) KSR IR A R 25 X
W TRAAGESR I A AR ok ST g o BOR FEHR 10 mL
SRS RNR A FEIRE N 30 C, % 200
r/min P35 FEFE HHEE 60 min, SR G TEH IR T B0
(8 000 r/min)3 min, 73 B A BUH , In A SGEARFRAY T
HEATECR 0.19% 1) AN IR PR , 2 B0 13 To7K

TRIREN T8, 25 BR RIS , 78 105 CRHE T
JE ZAE R, 15 BV R A U T
1.5.2 FR#E (Acid—Heating Extraction, AHE)

YL T4 A 6 mL 4 mol/L ) HCl W,
FE 78 CRKM#E 1 hy ARG IMA SRR R &5 FTH
Pt WS HENRTZ 5 min B TE R T 250 (8 000 t/min)
5 min, 70 B A P, I SRR S T —
UCHEIL, 5 BB A MU M SE R R 1 53
R 0.1% 1) F AR I RS, A< UM I oK Bt iR
NI EZRBR LIS 16 105 C IR IMAE =
EHM,
1.6 & B ME 5k
1.6.1 2 N B RS A A

Je® 21 (Nile Red ) JAk il 48 L P 1) g Jot
IRYLR LT 5, TR AL E N 1 pg/mL A
BN BT S A g Gt
5 min)™, 7E S AR R G RFP 9 Gi8 E
K 400 A YL AL
1.6.2 4HLAFE 175 00 S 40 M RS 7 e Ao

ML PIIE  (Propidium lodide , PI) Gl ] X 2
FIER SRR A €, T T 400 20 B2
AT, B IIALIAEE N 1 we/mL (LA
WE A RCRE PRI AT R AN e 1 (REBY 15
min) , 7E IS GE AN M LR R S8 RFP 2l iE ik
K 400 fEW gL - L

FAk, PRI 24 BRI E R TE R4 =
YEPD FEMAREFR3E |, F 28 C R 3% 3 d, K 40
MAEIE G O
1.7 5477 ik
1.7.1 AR o BT

it F 280823 3% 1 (HPTLC) 43 B A PR R A1
FPERED, FRifEdn R 0.303 of/L fI#EAE (PL) .0.806
gL i H B (MAG) . 1.612 g/L 4 H il — g
(DAG) ., 0.509 g/L Hy¥i# 25 g 17 B2 (FFA ) #1 5.002
o/L W HV =R (TAG) . HHERIUT 24 AHIMARHE
fi D B 20 £i5)5 , A SRR (R i A5k
PLE R 20 mm, SAEKE N 3 mm, SEEE RN 6
mm, SRR 4 pl, BERARR ST A 20 ecmx10
em) SFEEREIRCR , SR 5 72 26 A R T (IE O 4
ToK kK BERR R B LGl 80:40:1) (1 )2 AT T
HRFF 10~15 min; fif YL 0% (BT AR 3 500Ch
S%E/‘] H3PO4 %nﬁﬁﬁ1$$ﬂﬁ\§&j‘7 10% CUSO4'5H20



T RERETR

R ) BRERARIS A9, RS TE 160
CF A 4 min B, 560 RE R AR [ & 7E
Biostep—CD60 %4 HPTLC #1344, 7E 540 nm A
R RET FCEI TN
1.7.2 WhNBNR I RR2H 5353 A

7E 70 mg VRGBT i 3 80k 5% ) KOH/
CH,OH ¥ 0.5 mL, 7 70 °CF [83% 50 min, F5-1
A 0.7 mL BF; HIEE5 R (TG — SUAL DR PP )
IAFRLE A 4:10) 4RZE[A15 10 min, B EUS A 1 mL
IECHEAT 1 mL 2K, AR FP ME w26 G A
IECREZ, Slaikyes 2 W, I/ 7890B-
7000D B BTHR A B AR IR AL L

M OTERIN S . GC (it HP-5MS 5%
phenyl methyl silox (30 mx250 wmx0.25 wm) , #HHE
fril A 250 C, R 1 L, ZARR RN
114.1 mL/ min, 737 oA 100:1, K0 2% (FID ) 3%
4 300 °C; H, i 30 mI/ min, 25 S 54 300
ml/min; AEESRIBCES EETHE , HA 0~1 min %5
80 °C,1~19.75 min FF £ F+ il 2 230 «C,19.75~
24.75 min 4L THRE & 245 °C,24.75~33.25 min 1F
ZETHEZ 280 CIFREFE 5 min,, JEIHHR H g8 1 5

2023,41(4)

T ATE e R AR — R e AT S
2 #R5ite
2.1 A Lo B i AR R IR 4G e

LI A Pt AR SR O A T, Sl
15, IECKE, LR R4, LA S8 I 7R 2
SIEAT H M JBTA BE E AR AR S R BT AE ), Ik
fit FHIL A AT REAI ) (220K A H R Sraali s
WA A B B R R Tl ds ) )t
XU ZE SRR, 2 T 5lIR /38, bR LD
B LIS, HAth s 3 AT 5ok AR 2 HBE R 3R
B, Kl W 2T R rP A7 7E TAG,DAG,MAG
FUFFA B3R T ERg , IR0 LUBRITE M
SERY AT R 5 RIR R 80% LA I, B A Y
MR FEEH 77, A —FSR IR TIEZ5H 1Y PL,
J& TR, — M b SR AY 109% AT BT AH
RURRYES ” T B AR P s ) T A e b i ik g o, HL
QRS ASTi A i sS An R (NI 22N R (o
PRL At FH AR P 25 S R R AR A T A i B8

SR FIBEBOMAR T, )= G5k
FEVES BT, 45 R ULE 1(S AR BT hR
M= 550 ) o

TAG

FFA
DAG

MAG

SI S2 S3 84 S5 S6 S7 S8 89 S10 S11 S12 SI13 S14 S15 S16 S17 SI18 S19 S20 S21 S22 S23 S24 AHE S

1 24 FAFIRERS BiH) HPTLC 5347
Fig.1 HPTLC analysis of 24 solvents extracted lipids

ME 1 A IF H.S9,S11,S12,814,S15,816,
S17 1923 $EH AN AR A & Fh2E 554 2
JRE J155 ;S10,S13 1 S19 HEEUA G Fise /b (H iR
BRI Ay, BEIMAE I 55 592,54, 85 Fi1 S22 H
REPE IR /D B oA PERE , A B BREE Y S4,
S5 1 S22 i AT 2 B — it 25 A D2 5 S1,S3, 56,
S7,S8,S18,S20 £ S21 JL-FE A H G,

S1 S2 S3

24 B FRIBEIS | 4R S AOW g 45 SR an &
2(S24 R XTI s, WL 2 AT LLE Y 42
HE AR AT KB R 3 R B —F, 4
PR, B PN BT Mt 7 BB o 1 A 25 1 4
My, 4n S1,S2,S3,94,85,86,S10,S13 F1 S22, X
SB 2 N IERE RIS A0, B2V R P
WO, By SGOKEE, 5 P RR AR A 22, B

S4 S5 S6



RER, G b BEE R BRI RIS 6 i

S7 S8 S9
S13 S14 S15
S19 S20 S21

S10 S11 S12
S16 S17 S18
S22 523 S24

B2 24 MRFIEZRIHENAEREE

Fig.2 Microscopic examination of cells after lipid extraction in 24 solvents

THEOR T 230 i - X LA 1S s 24 L e 2 2 1)
AR 55 AR B AR /N RS SRR K
e 2% A% B /D VR BB T, 4N S9,S11,S12,S14,
S15,S16,S17 F1 S19, X #6 Z MHEESS EBEE AL
St A A5 55 AR T VS TR SR BB B A iR, TR AT L g
75 240 L E 40 K B P R BT AR L R L 5
B, 40 i 5 A5 T A 2 1E %, W S7, 58,518,520

s2 s3 S8 %

S S4 S7 S10

S6 S5 si2 st

1 S21, X e LN fe ke | A b S A A 1 I R 4
RS ) AR A AR P 95 00 D i 3 A 4B L, S 23
IR PN R , o JC Tk B R UM ARG
BRI B TR R4 2= YEPD Ak b, 20
LERIEOLANE 3 s, B 3 FTLAE i, il
S7,S8,S18,S19,S20,S21 A1 S24 £ )5, 4 A,
SRAENG , 5] 2 Hi g SR n] LUAH B ERIIE,

S14 S15 520 521

S13 S16 S19 S22

S18 s17 524 $23

B3 24 MiRFIRHEHAREERR

Fig.3 Survival of cells after lipid extraction with 24 solvents

2.2 A X B 20 R B E W BR 2H AR, 04 5 vR
FH A 7] 3 500 X0 10 P 4% IR Jo ) 35 it AN

100
TAG
80 FFA
DAG
I .
= 60 MAG
= PI
@1
= 40
]
20

S9 S10 S11 S12 S13 S14 S15 S16 S17 S19 S23 AHE S

(a) il AR T2 I

[G], PRI , ARSI 1 A HA R4 i B4 i S 4Lt
FIRRITRRZE AL, 45 R WL IR 4,

100
C18:0
80 Cc18:1
S
2 o c18:2
g Cc16:1
= 40 cl62
um
= C14:0
20

0
S9 S11 512 S14 S15 S16 S17 S19 S23 AHE
(b)Y R T AR ZEL

B4 EEFIIREHRERAE FUE R R B A ERZA AL

Fig.4 Lipid composition and fatty acid composition of lipids obtained by effective solvent extraction
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Fig.5 Staining of cells after lipid extraction with Pl and Nile Red using solvents
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Lipid extraction from oleaginous yeast fermentation mash and
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Abstract: To establish a simple and efficient method for lipid extraction, this paper explored the
extraction performance of 24 solvents by directly treating the fermentation mash of Rhodotorula
toruloides with the organic solvents. The results showed that weak—polar solvents such as methyl
tert —butyl ether (MTBE), chloroform and dichloroethane could directly extract lipids from the
yeast cells, while polar solvents of short—chain alcohol and non—polar solvents of hydrocarbon
were unable to do the extraction. Analysis of cells stained with Nile Red and propidium iodide
showed that polar and weak —polar solvents disrupted the cell and lipid droplet membranes,
facilitating the extraction of intracellular lipids. Relatively less toxic MTBE and ethyl acetate were
used to treat the fermentation mash, and lipid extraction rates of 85% and 59% were achieved,
respectively, and the lipid composition was similar to that of the acid-heating extraction.

Key words: microbial lipids; biorefinery; green solvent; wet cell lipid extraction; like dissolves
like



