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ผลของระดับกากน�้าตาลและแอมโมเนียมซัลเฟตต่อการผลิตไขมัน 
ในเซลล์ยีสต ์Trichosporon asahii

Effect of molasses and ammonium sulfate concentration on intracellular 
lipid accumulation by Trichosporon asahii
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บทคดัย่อ: การทดลองนีม้วีตัถปุระสงค์เพือ่ทดสอบระดบัความเข้มข้นของกากน�้าตาลและแอมโมเนยีมซลัเฟตต่อปรมิาณ
การสะสมไขมนัในเซลล์ยสีต์ Trichosporon asahii โดยใช้แผนการทดลองแบบสุม่สมบรูณ์ ปัจจยัการทดลองคอือาหารเลีย้ง
เชื้อ 9 สูตรที่มีระดับกากน�้าตาล (M,%) และแอมโมเนียมซัลเฟต (N,g/l) แตกต่างกันดังนี้ M8N0.5, M8N1.0, M8N1.5, 
M12N0.5, M12N1.0, M12N1.5, M16N0.5, M16N1.0 และ M16N1.5. เพาะเลีย้งเชือ้โดยใช้กล้าเชือ้เริม่ต้น 10% บ่มแบบ
เขย่าที่อุณหภูมิ 30 องศาเซลเซียส ที่ 150 รอบต่อนาที เป็นเวลา 6 วัน ผลการทดลองพบว่าการใช้สูตรอาหาร M12N0.5 
ปรมิาณการสะสมไขมนัในเซลล์สงูสดุอย่างมนียัส�าคญัทางสถติ ิ(P < 0.05) ซึง่ความเข้มข้นของกากน�า้ตาลและ แอมโมเนยี
มซัลเฟตระดับนี้จะน�าไปใช้เพื่อการผลิตน�้ามันเซลล์เดียวส�าหรับเป็นแหล่งไขมันเสริมในอาหารโคนมต่อไป  
ค�ำส�ำคัญ: ยีสต์ไขมัน กากน�้าตาล แอมโมเนียมซัลเฟต น�้ามันเซลล์เดียว   

ABSTRACT: The objective of present study was to examine the effect of molasses and ammonium sulfate concen-
tration on intracellular lipid accumulation by Trichosporon asahii.  Nine culture media with different concentration 
of molasses (M,%) and ammonium sulfate (N,g/l) includings M8N0.5, M8N1.0, M8N1.5, M12N0.5, M12N1.0, 
M12N1.5, M16N0.5, M16N1.0 and M16N1.5 were randomly assigned in completely randomized design (CRD).   
Five milliliter of inoculums was transferred in 45 ml of media and incubated at 30oC with shaking at 160 rpm for 6 
days.  Results illustrated that lipid content was higher when T. asahii was cultured in the medium M12N0.5.  This 
indicated that medium M12N0.5 was suitable for producing single cell oil for use as fat supplement in animal diet.          
Keywords: oleaginous yeast, molasses, ammonium sulfate, single cell oil
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Introduction

  Conjugated linoleic acids (CLA) are groups 
of positional and geometrical isomer of octadecadi-
enoic acid which are synthesized via biohydrogen-
ation of unsaturated fatty acids by rumen microbes 
as well as desaturation of vaccenic acid (trans – 11 
C18:1) by delta – 9 – desaturase in the mammary 
gland (Collomb et al., 2006). Cis – 9, trans - 11 
CLA is a predominant isomer found in milk and 
dairy product and it has been show benefit effects 
on human health, including antioxidant, inhibit car-
cinogenesis and anti - inflammatory (Bhattacharya 
et al., 2006). Supplementation of unsaturated fatty 
acid source such as oil seed or vegetable oil is one 
of methodologies for increasing the proportion of 
polyunsaturated fats (PUFA) and CLA in cow’s 
milk fat (Daiman et al., 2000; Chouinard et al., 
2001). However, using oil seed or vegetable oil 
may be difficult in the future because it compete 
with human consumption and biodiesel production.  
 Oleaginous yeasts refer to yeasts that have a 
capacity to accumulate intracellular lipid more than 
20% of biomass and the lipid are formed similar 
to vegetable oil (Beopoulos et al., 2009). Feeding 
the dairy cows with oleaginous yeast is a new ap-
proach for increasing the PUFA and CLA in milk 
fat. In previous study, we isolated oleaginous yeast 
from soil and feedstuffs for use as unsaturated fatty 
acid source in dairy cow diet. The result revealed 
that yeast GSY10 accumulated intracellular lipid 
up to 24% of dry biomass when use molasses and 
ammonium sulfate (NH4)2SO4 as carbon and ni-
trogen source. Identification of yeast strain by D1/
D2 domain illustrated that yeast GSY10 belonging 
to Trichosporon asahii. However, there are many 
factors affecting on lipid accumulation. Therefore, 

the aim of this study was to examine the effect of 
molasses and (NH4)2SO4 concentration on intracel-
lular lipid accumulation.     

Materials and Methods

Experimental design and lipid accumulation 
procedure
 The completely randomize design (CRD) 
was conducted to examined effect of concentra-
tion of molasses (M,%) and (NH4)2SO4 (N,g/l) on 
lipid accumulation by Trichosporon asahii. Nine 
treatments consist of M8N0.5, M8N1.0, M8N1.5, 
M12N0.5, M12N1.0, M12N1.5, M16N0.5, 
M16N1.0 and M16N1.5. The single colony of T. 

asahii was transferred to 250 ml Erlenmeyer flask 
containing 50 ml of inoculums medium containing 
(g/l): glucose 40, yeast 15, peptone 5, with adjusted 
pH 6 (Dai et al., 2007), and incubated at 30oC, 160 
rpm for 24 h. Inoculums (5 ml) was transferred 
to 45 ml of nitrogen – limited medium contain-
ing concentration of molasses and (NH4)2SO4 as 
described above and 0.5 g/l of KH2PO4. Cultures 
were incubated at 30oC with shaking at 160 rpm 
for 6 days. 
 
Determination of yeast biomass 

Portions of 5 ml cultures were harvested by 
centrifugation at 5000xg for 5 min. Harvested 
biomass were washed twice with distiller water 
and then dried at 60oC for 48 h. The biomass was 
determined gravimetrically.  

Determination of lipid content
Lipid content in yeast cells were extracted ac-

cording to method of Bligh and Dyer (1959) with 
modification described by Pan et al. (2009). Briefly, 
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50 ml samples were centrifuged at 5000xg for 5 
min, then were washed twice with 50 ml of distiller 
water, and added into 10 ml of 4 M HCl, incubated 
at 60oC for 1 h to 2 h. Samples were stirred with 
20 ml of chloroform/methanol mixture (1:1 v/v) 
at room temperature for 2 – 3 h, were followed by 
centrifugation at 2000xg for 5 min at room tem-
perature to separate the aqueous part and organic 
lower phase part. The lower phase containing lipid 
was recovered by Pasteur pipette, and evaporated 
under reduced pressure for 10 min. The dry lipid 
was weighed.

Statistical analysis
Data were analyzed by using analysis of 

variance (ANOVA) according to completely rand-
omized design (CRD). Means were compared with 
Duncan’s multiple range test (DMRT) at P< 0.05 
by using SAS (1989).

Results and Discussion

Effect of molasses and ammonium sulfate con-
centration

In order to increase the lipid production by T. 

asahii, concentration of molasses and (NH4)2SO4 
were optimized by increasing molasses concen-
tration at levels 8, 12 and 16 % and (NH4)2SO4 at 
levels 0.5, 1.0 and 1.5 g/l. Result illustrated that T. 

asahii showed maximum lipid contents in media 
containing 12% molasses and 0.5 g/l (NH4)2SO4 (P 
< 0.05). The lipid content was 31.4% of biomass 
(Figure 1). Karatay and Dönmez (2010) reported 
that the concentration of molasses at a level 8% was 
optimum for lipid accumulation by Candida lipoly-

tica, C. tropicalis and Rhodotorula mucilaginosa. 
Wu et al. (2011) found that a level of 10% molasses 

concentration, Trichosporon capitatum gave the 
maximum biomass and lipid content. It showed that 
the optimum concentration of molasses for lipid 
accumulation depend upon oleaginous yeast strain. 
However, an increasing molasses concentration up 
to 16% trend to reduced lipid accumulation by T. 

asahii. Karatay and Dönmez (2010) suggested that 
increasing molasses concentration reduced lipid ac-
cumulation because of the toxic effects of molasses 
on the cell growth and lipid accumulation. 

In case of nitrogen concentration, an increas-
ing concentration of (NH4)2SO4 showed the reduc-
tion of intracellular lipid accumulation. Oleaginous 
yeast begins accumulate lipid when they have an 
excess carbon but limits other nutrient, usually 
this is nitrogen. This condition activates the activ-
ity of enzyme adenosine monophosphate (AMP) 
deaminase in order to converts AMP to inosine 
5/ - monophosphate (IMP) and ammonia (NH3). 
Decreasing in concentration of AMP is attributable 
to slowing of activity of isocitrate dehydrogenase 
(ICDH) because this enzyme in oleaginous yeast 
has an absolute requirement for AMP (Ratledge, 
2004). The inactivity of ICDH increases the ac-
cumulation of citrate in the mitochondria. The 
citrate is transported out of the mitochondria and 
cleavage by ATP:citrate lyase on to acetyl – coA, 
precursor for fatty acid synthesis (Ratledge, 2004). 
These indicated that media containing molasses 
and (NH4)2SO4 at a level 12% and 0.5 g/l was 
suitable for single cell oil production by T. asahii. 

Although, this condition gave dry biomass (10.6 
g/l) lower than media M16N1.0 and M16N1.5 
(P < 0.05) but lipid yield was higher than media 
M16N1.0 and M16N1.5 (Figure 2).       
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Figure 1  Effect of molasses and ammonium sulfate concentration on lipid content of Tricosporon  asahii.  Each 

column represents the mean (± SE) for lipid content. 
 a, b, c, dA common letter show significantly difference at P < 0.05.   

Figure 2  Effect of molasses and ammonium sulfate concentration on lipid yields of Tricosporon asahii. Each column 

represents the mean (± SE) for lipid yield. 
 a, b, c, dA common letter show significantly difference at P < 0.05.   
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Conclusions

 Concentration of carbon and nitrogen source 
was main effect on lipid accumulation by oleagi-
nous yeast. In case of T. asahii, it could assimilate 
molasses and (NH4)2SO4 for lipid production which 
an optimal level of molasses and (NH4)2SO4 were 
12% and 0.5 g/l, respectively. These indicating that 
it is possible to produce single cell oil by T. asahii 
for use as unsaturated fatty acid source in dairy 
cow diet.  
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