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Abstract: To evaluate the effectiveness of enzymatic assisted extraction (EAE) of lipid from the oleaginous yeast
Rhodosporidium toruloides in the presence of B-1,3-glucomannanase at a larger scale, we investigated the effects of
enzymatic treatment and extraction conditions on lipid extraction yields at 10-L scale by using the broth of R. toruloides Y4
as the feed and ethyl acetate as the solvent. When it was treated for 0.5 h, the lipid extraction yield reached 71.1%,
indicating that the enzymatic treatment process reached similar efficiency to that obtained at 10-mL scale. The inhibitory
effect of emulsification was greatly reduced by repeated extraction. After extracted for three times, yields of lipid
extraction, solvent recovery and total material recovery reached 92.9%, 87.0% and 94.2% respectively. As it can use the
lipid production slurry with good extraction efficiency, EAE technology is promising for industrial production of microbial

lipids.
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PEBURIAF] 96.6%!' 7, A ORI R AR R iR
210 L MR, FZE<mkiiih$2 3 R. toruloides Jif
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1.1 X ER
[5] £1. 4 #f % £} Rhodosporidium toruloides

Y4 /& R. toruloides AS 2.1389 £ £ K A5 FF /K itk
Yk frfS . R. toruloides AS 2.1389 Ity [ Hf [#
R A R B AR R A B L (CGMICC),

Be R B3 {4 % £F Pichia pastoris (X-33) 4 5
IREIR B-1,3-4 T B AR R 18 F Ik, WA
Invitrogen 2y /) (£ [H),

1.2 ExHHE

YEPD WBARE TR (g/L): #iZIHE 20, FEEE
¥ 10, B 10, AR FREAE YEPD WARK:
FRILELRE FINA 15 g/L BIEKS .

R. toruloides Y4 #t=0 & BERE 573 (g/L): #
AT 60.6, B EEHS 10, (NH4),SO04 10, KH,PO4 1,
MgSO,-7TH,0 1. K JEH# 1% (VV) AT 1 3§
B B A o o R A P

BMGY WiiAH:3R3E (g/L): Hih 10, Btk
B 10, BN 20, YNB 13.4, HEHZE 4x10%,
0.1 mol/L MBEMR P AR (pH 6.0).

Pichia pastoris #it=C & B4 =4 (g/L):
CaSOy4 0.93, K,S04 18.2, MgSO47H,0 14.9,
KOH 4.13, Hill 40, & FHREFRIEPANA 26.7 mL
85% HsPO,.
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Fig. 1  Effect of enzymatic treatment time on lipid
extraction yields.
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Fig. 2 Effect of extraction time on lipid extraction
yields and emulsification yields.
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Fig. 3 Effect of extraction number on total lipid
extraction yields and total solvent recovery yields.
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______________________________________________

Fig. 4 Enzyme-assisted R. toruloides lipid extraction process flow diagram. a: containing cell mass of 1 243.0 g; b:

the dry weight.

BRI R T T, SmIL . BEE
R SRR B . B R AR BORAH L, RBFE
Ko T A0 ARG Z) T o0 BTE KA, 25 HUER
VEZEARSE PR HOR T RIAA B e iR A, S35
TR R A s IR B A A e, sh 1 #EMR.
T Bk SR Ak PR AE R R R AT, WAl
FFRIR A, S BB A e, SR
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P A M BE AR B T — E SR sg e kU, A A
FRAARBCRI . TR pH YR BE /DN,
HIRPGEM L, 5IARBR /D, HRh g

=1 B AEFIEEYH BN % M AR RO AR AT BR LA AX

ik, EFAPE, XI5 YD . 28 Foarbr, i
T HEEL R. toruloides i Ag T Z: Ayl FH /b |
A TS o, 38 Tl A AR 7

i AE BE B BR 4R R FRER 1B 5 #7

MR 1 FTLAE Y, A B 75 5 O A i B
iR 2 B 5 S Ag AH L, DIARANER (Cl6). A5 A
AR (C16:1), JMER (C18:1), WiHR (C18:2)
IV FERR (C18:3) %5 Cl6. C18 RGN F.
AW EM, R. toruloides Y4 JHAS & A bk
N WENG . B RE FOBE AR A WA PR 4 4, P
PERE 7 81%~88%°7) . 15 M4 B R Ui A% 14 1 72
o, PR IE S BA ML R 2R, TREAE . 4

2.4

Table 1 Fatty acid compositions of the total lipids and lipids extracted by enzyme-assisted

Relative fatty acid content (%, W/W) ?

Lipids
Cl14:0 C16:0 Cle:1 C18:0 C18:1 C18:2 C18:3 SFA USFA
Total lipids ~ 1.1+0.0 24.4+0.1  0.7£0.0 7.6£0.0  54.9+0.1 8.9+0.2 2.44+0.1 33.140.2  66.9+0.5
EAE lipids 1.5+0.0 28.7£0.1  0.9£0.4  9.6+0.1 50.240.3 7.140.0  2.0+0.3 39.840.2  60.2£1.0

a: values are represented as X =S deviations of three replicates. SFA: saturated fatty acids. USFA: unsaturated fatty acids.

EAE lipids: enzyme-assisted extraction lipids.
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JE N B SR M SR K 4 43 BUAE K AR, TR BLEL
)2, RBCRERU. S5HlE. W5 . BRIEAH
o, shYERE RO RTIEER (SFA) & mEm Y,
Jir AT B2 3R B i iE b SFA % . R
A RN T Bl v B A Tk g B R AEL 43 B A
(8.3+0.30) mg KOH/g #1(2.9+0.2) mg KOH/g. iX
AT RS2 R A Tl i B v SR O BB VR A5 iR A
AR K AR AR, A BRI RA >, W HAH
XA YRR, B BARNIRR R TR,
PEWUHCR AR o T4 Bl v ik g 1 8 7T 5t 2 ik
L0 G A2 20 A 45 0 S it g R P

3 &%

ARTCAE 10 L MU 36 00F T i 4 B 42 B
R. toruloides JHAE T- 20 &1 , i i 2R # 1L,
AR PR AN PRI EH] 90% L . 1%
PP A BORAR, AR ER S, RS
U, BAREE T AL A .

REFERENCES

[1] Demirbas A.
transportation fuel. Energ Policy, 2007, 35(9):
4661-4670.

[2] Teng H, Mu Y, Yang TK, et al. Advances in biodiesel
research. Chin J Biotech, 2010, 26(7): 892-902 (in
Chinese).

Brg, B, HRE, & ARSI kR,
AW T RE2ER, 2010, 26(7): 892-902.
[3] Zhao ZB, Hu CM. Progress in bioenergy-oriented

Importance of biodiesel as

microbial lipid technology. Chin J Biotech, 2011,
27(3): 427-435 (in Chinese).
BRI OR, WML BERBUE I IR B R SRR, AR
V) TRE2EH, 2011, 27(3): 427-435.

[4] Lee AK, Lewis DM, Ashman PJ. Microbial

flocculation, a potentially low-cost harvesting

http://journals.im.ac.cn/cjben

(5]

(6]

[7]

(8]

[9]

[10]

(11]

[12]

[13]

[14]

technique for marine
production of biodiesel. J Appl Phycol, 2009,
21(5): 559-567.

Teixeira RE. Energy-efficient extraction of fuel

microalgae for the

and chemical feedstocks from algae. Green Chem,
2012, 14(2): 419-427.

White PM, Potter TL, Strickland TC. Pressurized
liquid extraction of soil microbial phospholipid
and neutral lipid fatty acids. J Agric Food Chem,
2009, 57(16): 7171-7177.

Folch J, Lees M, Stanley GHS. A simple method
for the isolation and purification of total lipids
from animal tissues. J Biol Chem, 1957, 226(1):
497-509.

Bligh EG, Dyer WJ. A rapid method of total lipid
extraction and purification.
Physiol, 1959, 37(8): 911-917.
Halim R, Gladman B, Danquah MK, et al. Oil

extraction

Can J Biochem

biodiesel
102(1):

from microalgae for
production. Bioresour Technol, 2011,
178-185.

Cooney M, Young G, Nagle N. Extraction of
bio-oils from microalgae. Sep Purif Rev, 2009,
38(4): 291-325.

Li W, Du W, Li YH, et al
transesterification of yeast oil for biodiesel fuel
production. Chin J Process Eng, 2007, 7(1):
137-140 (in Chinese).

B, AR, AR, 5. AW AL
EA R AEY e, TR TR, 2007, 7(1):
137-140.

Balasubramanian S, Allen JD, Kanitkar A, et al.
Oil extraction from Scenedesmus obliquus using a

Enzymatic

continuous microwave system-design,

optimization, and quality characterization.
Bioresour Technol, 2011, 102: 3396-3403.

Lee JY, Yoo C, Jun SY, et al. Comparison of
several methods for effective lipid extraction from
microalgae. Bioresour Technol, 2010, 101:
S75-S77.

Zhu JY, Zhang HM, Hu YC, et al. Comparision on



FER F/p-13-HHEREBEDENEISEEEHIE 1589

[15]

[16]

[17]

(18]

[19]

[20]

[21]

lipid extraction methods of Schizochytrium sp. for
industrialization. Food Sci Technol, 2011, 36(9):
32-35 (in Chinese).

RIEEE, SKRELI, WP, 5. mim Tl ik
i AE B DHA RS2 O B F T . B ah R,
2011, 36(9): 32-35.

Yoo G, Park WK, Kim CW, et al. Direct lipid
extraction from wet Chlamydomonas reinhardtii
biomass using osmotic shock. Bioresour Technol,
2012, 123: 717-722.

Liang K, Zhang Q, Cong W. Enzyme-assisted
aqueous extraction of lipid from microalgae. J
Agric Food Chem, 2012, 60(47): 11771-11776.
Jin GJ, Yang F, Hu CM, et al. Enzyme-assisted
extraction of lipids directly from the culture of the
oleaginous yeast Rhodosporidium toruloides.
Bioresource Technol, 2012, 111: 378-382.
Gibbins RD, Aksoy HA, Ustun G.

Enzyme-assisted aqueous extraction of safflower

oil: optimisation by response surface methodology.

Int J Food Sci Technol, 2012, 47(5): 1055-1062.
Li YH, Liu B, Zhao ZB, et al. Optimization of
lipid production by
Rhodosporidium toruloides. Chin J Biotech, 2006,
22(4): 650—656 (in Chinese).

BOKEL, KNP, BRI, A LA fE IR R
T2 77 il i % % 5 S R B AR A B ARAB I 5. A=
TRE2E4R, 2006, 22(4): 650—656.

Arai M, Lee TH, Murao S. Substrate specificity of
Penicillium lilacinum enzyme lytic to cell wall of
Rhodotorula glutinis and structure of Rhodotorula

culture conditions for

cell wall glucomannan. Curr Microbiol, 1978, 1(3):

185-188.
Wu SG, Zhao X, Shen HW, et al. Microbial lipid

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

production by Rhodosporidium toruloides under
sulfate-limited conditions. Bioresour Technol,
2011, 102(2): 1803-1807.

Yang F, Zhang SF, Jin GJ, et al. Purification and
characterization of a f-1,3-glucomannanase
expressed in Pichia pastoris. Enzyme Microb
Technol, 2011, 49(2): 223-228.

Li YH, Zhao ZB, Bai FW. High-density
cultivation of oleaginous yeast Rhodosporidium
toruloides Y4 in fed-batch culture.
Microb Technol, 2007, 41(3): 312-317.
He DP, Chen T. Microbial Oil. Beijing: Chemical
Industry Press, 2005: 241-242 (in Chinese).
27, BRiG. WUEYmE:. et fb2 Tl
ikt 2005: 241-242.

Campbell KA, Glatz CE, Johnson LA, et al. Advances
in aqueous extraction processing of soybeans. J] Am
Oil Chem Soc, 2011, 88(4): 449—465.

Chabrand RM, Kim HJ, Zhang C, et al.

Destabilization of the emulsion formed during

Enzyme

aqueous extraction of soybean oil. ] Am Oil Chem
Soc, 2008, 85(4): 383-390.

Wu SG Hu CM, Jin GJ, et al
Phosphate-limitation mediated lipid production by
Rhodosporidium toruloides. Bioresource Technol,
2010, 101(15): 6124-6129.

Yoshida H, Yoshida N, Kuriyama I, et al. Profiles
of lipid components, fatty acid distributions of
triacylglycerols and phospholipids in Jack beans
(Canavalia gladiata DC.). Food Chem, 2013,
136(2): 807-812.

Kumar R, Tiwari P, Garg S. Alkali
transesterification of linseed oil for biodiesel

production. Fuel, 2013, 104: 553-560.
(CR3CT TN 75)

cjb@im.ac.cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks true
      /AddColorBars true
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


