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L-Single cell oil (SCO)

2 Arachidonic acid: 5, 8, 11, 14- cis-ecosatetraenoic acid
3~ Prostaglandins

4 Leukotrienes

> Polyunsaturated fatty acids
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" DHA (docosahexaenoic acid)
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I“ Paul Linder

- Endomyces vernalis

3 Trichosporon pullulans

* Industrial-scale stirred tank fermenters
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(2005

" Cocoa butter equivalent (CBE)
- Stearic acid (18:0)

"Oleic acid (18:1, ®-9)

~ Palmitic acid (16:0)

~ Rhodosporidium toruloides

" Cryptoccus curvatus

" Blocking

~N N B WD =



(Ratledge, 2005) $l515 6,5 sl Jolee aisl G 125, > loawl oS 5 V=) dsas

Relative % (wiw) of major fatty acids

18:3
16:0 18:0 18:1 18:2 n-3) 24:0

Cryptococcus curvatus Wil 30 15 45 5 0.5 2
C. curvatus Nz? 18 24 48 3 1 2
C. curvatus R26-20° 15 47 25 a 2 —
C. curvatus R25-75° 33 25 33 7 1 —
C. curvatus F33.10° 24 N 30 B — 4
Yeast isolate K7-27 26 25 38 B 1 1

Cocoa butter 23-30 32-37 30-37 2-4 —_ —_
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(Ratledge, 1993; 2005) 3,5 o sl g e (gl LAl 5 avhas

I“ Mucor circinelloides

2 y-Linolenic acid (GLA; 18:3, »-6)

3~ Evening primrose oil (Oenothera biennis)
4+ Biomass
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2 Arachidonyl ethanol amide
3~ Anandamide

#sn -2 arachidonyl glycerol
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7 x Malonyl-CoA — elongase
16:0 —» 18:0
Acetyl-CoA G (Palmitic acid) (Stearic acid)

A9 desaturase

A15 desaturase A12 desaturase

18:3(9,12,15) 4— 18:2(9,12) 4———18:1(9)
(a - Linoleic acid) (Linoleic acid) (Oleic acid)

l*‘ — === A6 desaturase —— —Pl
18:4(6,9,12,15) 18:3(6,9,12)

(y-Linolenic acid)

lq---—- Elongase/s = — - — ¢

20:4(8,11,14,17) 20:3(8,11,14)
<« -~--- AS5desaturase—---— bl

20:5(5,8,11,14,17) +—— 20:4(5,8,11,14)
(Eicosapentaenoic acid) n-3 desaturase (Arachidonic acid)

l‘ """ Elongase/s = = = - —bl
22:5(7,10,13,16,19) 22:4(7,10,13,16)
e er oo A4 desaturase— - - bl
22:6 (4,7,10,13,16,19) 22:5(4,7,10,13,16)
(Docosahexaenoic acid ) (Docosapentaenoic acid)
n-3 series n-6 series

A w3lsS Jeol §l oy slaasl) alSss wigy wiz b elidlind oz slavml S8 (Splie e 1= IS
gy (05500 358 DnS 50,8 A 0255155 Sl @31 Lo A @318 il 51055 a9) A 3ilsS” Jiglle
e g adl oo gLl O yz dl S5 a8 sd Sl sl o 0 ki Oz sl WSLS slags 5]
At alfgs Wom wiz b eldlnd i Glaveul s g ool gk 5 gledld la fiSTy 5l (6w Ko Lawgs
Bgus (5] CumBge aSol 4 duy PRl g V-IKal diiws 90 4 algo Wgu six b gldl e Oy sloaswl 0S5
gyl adgs (glp a5 LT Vi y50 )0 igd oo sk 4kl oo Lol o 05,5 4 Suo33 45 ailsgo
Sl SIS aelsi Lyl (B r o il oo 4S8l 392 ALT (13) 5L gLl 53l o5y o0 S ]

.(Ratledge, 2004) (.5

e oSt (Fp g 00 )Be cldodw ;0 a5 Gilen SIple e )0 alSgs Wgm oyl

ol ple (Certik and Shimizu, 1999) 0ei oo oS o2 ol A9 IS )0 dian il oo

!Microalgae

AR



2 Ulsse) shdlpe S8 iz glasesl gyt ol Salgl 5 Tl Sealnally
Sl Sgid 4 A12 Glo glidlié @3l bawg sl Syl s atib oo o @unlS g e
Setoid Wil @y g 05 gl g ALS Lo elidlpd o 5] basgs Consl (oo oS 058 0 o
Bl g PRl Vel 2 slosad (ol slosla iy copzr 9l ¥ cnl Gl plis 098 b ol
=Y JS5) ansl o goms 3

celio slajlo i (s3le gledl e @S 90 W iz b gledl e © 2 slasenl w5 om S5
Sy 5 0y (Jgne (ol ish e o5 Cenl A6 Sl gLl d 05l abyy © 2 sl
a,S VY 5 Ve aligs Wgey waxr b gledl 1of iz laoswl adgi sl gom 3o gl e lo
(Certik and Shimizu, 1999) ail e

o o8 Ngdios adgi dpnsl Sl 5 A-Kel 00lils ailSg0 wign iz b gLt e 0 2 slaa!
plol s A5 Sl glotliod 3l 5 oS disb slama 3l A6 Sl eloslynd lag 3T Jlsee colled
SNLAT 51 ay ded Setdard 5l Vsane F-Kal ya sloanl 098 oo spiin du] S 355 4
5 sl Seigaatl ] onsl Setdgid LS odgi g s Ussb (A9 5 A5 Ad) (g3l el e ol o
LTSV W SO [CNUUP RSN AP ES RV K VL2 X SR 1 VR CH PERVOR P Ve
a5 yan Opdgl j0 b s Jb8 b pcdlS g S o YISl wilS g0 Wigw wix b gldl e o >
ool SEPLL15G) @ V-l e 30,k 5] sl Sl gd W ol Syl as ol e
Sl 4250 4 oS 090 s S5d oo oiplie Sl SSgilSalisT 50 570l SSgilinylsSe

S el 25T Y Lngs Laags blit V-1l & F-(8al o sl ks el oo 4ty

1 Palmitoleic acid (16:1, ©-9)
20leic acid (18:1, »-9)

- Mead acid (20:3, 9,12,15)

4 Adrenic acid (22:4, 7,10,13,16)
*DPA, ©-6

*DPA, ®-3
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I" Food and agriculture organization (FAO)
2 World health organization (WHO)

3" Food and drug administration (FDA)

4+ Generally recommended as safe (GRAS)
5~ Menhaden oil
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(Kikukawa et al., 2018) Y .5 90 alites slo 435 Jawgs ol Sigandsl,T gy Y-\ Jgo

Microorganism ARA productivity Scale Ref.
Mortierella alpina 1S-4 3.6 g/L/7 days 5 L fermentor [29]
3.0 g/L/10 days 2 kL fermentor [13]
13 g/L/10 days 10 kL fermentor [25]
M. alpina ATCC32221 11 g/L/16 days 500 L fermentor (28]
M. alpina ATCC32222 11 g/L/11 days 250 mL flask (7]
M. alpina DSA-12 18.8 g/L/12.5 days 12 L fermentor [26]
M. alpina ME-1 19.8 g/L/7 days 5 L fermentor [27]
Mortierella elongata 1S-5 1.0 g/L/4 days 500 mL flask [14]
Mortierella schmuckeri S12 2.3 g/L/3 days 14 L fermentor [24]

Mortierella alliacea YN-15 7.1 g/L/6 days 50 L fermentor (23]
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Abstract

The purpose of this study was to encapsolate mortierella alpina lipid using chitosan
nanogel, and to investigate the effect of the coating on the oxidative stability of
mortierella alpina lipid. The results of the gas chromatography test showed that about
42% of the mortierella alpina lipid was composed of arachidonic acid that has 20-carbon
fatty acid with 4 unsaturated bonds. The results of the FT-IR spectrum confirmed the
conection between chitosan and capric acid as well as stearic acid. The results of scanning
electron microscopic photos showed that with the addition of stearic acid and capric acid,
chitosan chains appropriately formed nanoparticles, and improved the formation of
chitosan-stearic acid nanoparticles compared to chitosan-capric acid. The effect of each
variable factors like chitosan, stearic acid and capric acid on the size of oil droplets and
the stability of Pickering emulsion mortierella alpina lipid was investigated in three
hours and seven days after production. The results showed that there was not significant
difference in the level of 5% between chitosan, chitosan-stearic acid and chitosan-capric
acid nano-gels in terms of particle size. Afterwards, the oxidative stability of the
emulsion of mortierella alpine lipid during 20 days at ambient temperature was evaluated
using peroxide test. The results showed that emulsion produced by chitosan-stearic acid
nanogel was the most oxidative stability. The results of rheological tests showed that
viscosity behaviors were dominated by elastic behaviors in the impregnating emulsion
with unmodified chitosan at the applied frequencies, and the elastic behavior of the
emulsion sample prepared with chitosan-stearic acid was slightly higher than the
emulsion prepared with chitosan-capric acid nano-gel. The results of contact angle
measurement showed that the chitosan-stearic acid powder emulsion had the highest

contact angle and had the lowest water absorption than other samples.

Keywords: Mortierella alpina lipid, Pickering Emulsion, Nanogel Chitosan, Oxidative
Stability
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