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Effect of carbon and nitrogen sources on the chemical 
composition of lipids of Rhizopus delemar 
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Summary: Soy bean extract with glucose or oleic acid in the growth medium of 
Rhizopus delemar affected the production of higher values of biomass, total lipids 
and total glycerides than when ammonium nitrate was used as a source of nitrogen. 
The highest amounts of biomass (12.35 g/l) and total lipids (310 mg/g dry biomass) 
were attained in glucose-grown mycelia. The high proportions of total glycerides 
and unsaturated fatty acids in lipids of Rhizopus delemar suggest the utilization of 
such lipid material for nutritional and industrial purposes. 

Zusammenfassung: Extrakte aus Sojamehl mit Zusatz yon Glucose bzw. 01s~iure 
dienten als Wachstumsmedium ffir Rhizopus delemar. Ein Einflul~ der Zus~itze auf 
die Produktion von Biomasse, Gesamtlipiden und Gesamtglyzeriden wurde beob- 
achtet, wenn Ammoniumnitrat als Stickstoffquelle diente. Die gr6/3ten Mengen an 
Biomasse (12,4 g/l) und an Gesamtlipiden (310 mg/g trockene Biomasse) wurden in 
auf Glucose gewachsenen Myzelien erhalten. Die gro.6en Anteile an Gesamtglyzeri- 
den und an unges~ittigten Fetts~iuren in den Lipiden von Rhizopus delemar legen 
nahe, solches Lipidmaterial ffir Ern~ihrungs- und industrielle Zwecke zu ver- 
wenden. 

Key words: Rhizopus delemar, lipids production, carbon and nitrogen sources, 
composition of lipids 

Introduct ion 

Dur ing  the last decade  there  has been a considerable  increase in oils and 
fats c o n s u m p t i o n  bo th  by  m a n  and in industry.  The increase in oils and 
fats p roduc t ion  f rom crops is expensive,  scarce and limited. Four tunate ly ,  
dur ing  the  last few decades,  a new biotechnological  indus t ry  has been 
deve loped  creat ing unl imited prospec ts  for their  ample  p roduc t ion  on a 
large scale commerc ia l  cul ture  of  microorganisms.  

In  fungi, it has been  repor ted  that  the type  of growth  m e d i u m  and 
g rowth  intervals (time of  harvest ing) affect bo th  lipid p roduc t ion  and fatty 
acid compos i t ion  (1-3). 

N u m e r o u s  reports  have indicated lipid p roduc t ion  by other  fungi  
species of  the p h y c o m y c e s  group (2, 4, 5). However ,  no previous a t tempts  
were  m a d e  in utilizing R h i z o p u s  de lemar  in lipids product ion.  The aim of 
the present  s tudy  is to de te rmine  the efficiency of  the mold  R h i z o p u s  
de l emar  to conver t  oleic acid or glucose which  are p roduced  as by- 
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p r o d u c t s  o f  o i l  a n d  s u g a r  i n d u s t r i e s  to  s i n g l e - c e l l  oil.  T h e  c h e m i c a l  c o m -  
p o s i t i o n  o f  t h e  p r o d u c e d  l i p i d  is  o f  i n t e r e s t  in  d e t e r m i n i n g  t h e  s u i t a b i l i t y  
o f  s u c h  l i p i d  for  n u t r i t i o n a l  p u r p o s e s .  

Experimental  

Cultivation of  Rhizopus delemar 

The spore suspension (1 x lO 6 cells/ml) was prepared from 10 days malt  agar slants 
of  Rhizopus delemar CBS 327.47 growth at 28 ~ Soy bean meal extract  employed 
for the cult ivat ion medium was prepared by  boiling 75 g defatted soy bean meal 
with 1000 ml 0.5 % NaOH solution for 1 h, neutralized with 0.1 NHC1 and insoluble 
res idue was fil tered off. Two per cent of glucose or 0.6 g oleic acid as sodium oleate, 
0.1% KH2PO4 and 0.05 % MgSO4 were added to the soy bean meal extract.  In some 
exper iments ,  soy bean meal  extract  was replaced by 0.25 % NH4NO3. The pH was 
adjus ted  to 5.6 and 500 ml of different media  were put  in 2 1 flasks and sterilized at 
120 ~ for 20 rain. The flasks were inoculated with 16 ml of the spore suspension and 
cult ivation was carried out  at 27 ~ with constant  shaking (125 rpm). Samples  were 
analyzed every 24 h. 

Extraction and analysis of total lipids 

Lipid  extract ion was achieved by the method of Folch et al. (6). Total l ipids were 
fract ionated into various l ipid classes by chromatography on thin layer plates 
coated with Silica gel G (type 60) (200 • 200 x 0.5 mm). The plates were developed in 
pet ro leum ether/ether/acetic acid (70:30:2, v/v/v) and sprayed with 50% H2SO,. 
Visualization was made  by heat ing the plates at 180 ~ for 10 rain. The charred spots 
were measured  with a dens i tometer  (Shimadzu CS-190) by  reflectance scanning. 
This method  revealed a posit ive relat ionship between the amount  of spot ted sample  
in the range of 10-50 ~tg and light absorbance.  Total l ipids were transesterif ied with 
0.3 M sodium methoxide  and analysed by  gas chromatography (7). 

Results  and Discussion 

Ef fec t  o f  various med ia  and culture aging on biomass, total l ipids and total 
glycerides  product ion  by  Rh i zopus  de lemar  

A m o n g  t h e  t h r e e  m e d i a  u s e d  ( T a b l e  1), g l u c o s e  p l u s  s o y  b e a n  m e a l  
e x t r a c t  w a s  a s s o c i a t e d  w i t h  t h e  h i g h e s t  b i o m a s s ,  12.35 g d r y  b iomass /1  a n d  
t o t a l  l i p i d s  (3830 mg/1). O n  t h e  o t h e r  h a n d ,  w h e n  g l u c o s e  w a s  r e p l a c e d  b y  
o le ic  a c i d  as  a c a r b o n  s o u r c e  in  t h e  m e d i u m  c o n t a i n i n g  s o y  b e a n  m e a l  
e x t r a c t ,  b o t h  b i o m a s s  a n d  t o t a l  l i p i d s  p r o d u c e d  b y  t h e  m o l d  d e c r e a s e d  
c o n s i d e r a b l y .  H o w e v e r ,  t h e  l o w e s t  y i e l d  o f  b i o m a s s  a n d  t o t a l  l i p i d s  w a s  
o b t a i n e d  w h e n  s o y  b e a n  m e a l  e x t r a c t  w a s  r e p l a c e d  b y  a m m o n i u m  n i t r a t e  
in  t h e  p r e v i o u s  m e d i u m .  G l u c o s e  a n d  s o y  b e a n  m e a l  e x t r a c t  e n h a n c e d  
g r o w t h  a n d  l i p a s e  p r o d u c t i o n  b y  Rhizopus  de lemar  m o r e  t h a n  o t h e r  
c a r b o n  a n d  n i t r o g e n  s o u r c e s  (8). 

T o t a l  l i p i d s  e x t r a c t e d  f r o m  o n e  d a y  f u n g a l  g r o w t h  e x p r e s s e d  as  a pe r -  
c e n t a g e  o f  d r y  b i o m a s s  w a s  a l so  i n f l u e n c e d  b y  m e d i u m  i n g r e d i e n t s .  T h e  
h i g h e s t  y i e l d  (72 %) w a s  o b t a i n e d  f r o m  m e d i u m  c o n t a i n i n g  i n o r g a n i c  
n i t r o g e n  f o l l o w e d  b y  s o y  b e a n  m e a l  e x t r a c t  p l u s  o le ic  a c i d  m e d i u m  (60 %), 
w h i l e  t h e  l o w e s t  v a l u e  w a s  d e t e c t e d  in  t h e  m e d i u m  c o n t a i n i n g  s o y  b e a n  
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mea l  ex t rac t  and  g lucose  (45 %). P rev ious  inves t iga t ions  (2, 4, 5) carr ied out  
on o ther  spec ies  of  the  p h y c o m y c e s  g roup  g rown  on g lucose  in ba t ch  
cu l tu re  revea led  a yield s imilar  to tha t  ob ta ined  by  us  w h e n  the  mo ld  was  
g rown  on glucose.  L ip ids  and  b i om as s  yields  p rogress ive ly  increased  wi th  
the  t ime  of  incuba t ion  only  in soy  bean  mea l  ex t rac t  m e d i u m  which  
con ta ined  g lucose  up  to the  th i rd  day,  then  decl ined af terwards .  
Meanwhi le ,  the  yields  decl ined in the  o ther  two med ia  af ter  the  first  day  of  
incubat ion .  

The  source  of  n i t rogen  grea t ly  af fec ted  the  p e r c e n t a g e  of total  g lycer ides  
in l ipid extracts .  In  this  respect ,  organic  n i t rogen  increased  tota l  gly- 
cer ides  syn thes i sed .  In  con t ras t  inorganic  n i t rogen  dep re s sed  the i r  yield.  

Ef f ec t  o f  various med ia  and cul ture  aging on the fa t ty  acid compos i t ion  o f  
total l ip id  ex t rac ts  

Tab le  2 shows  the  fa t ty  acid compos i t i on  of total  l ipids ex t r ac t ed  f rom 
R h i z o p u s  de lemar  grown  on the  p rev ious ly  desc r ibed  m e d i a  for di f ferent  
t i m e  intervals .  G r o w i n g  the  mo ld  on g lucose  as the  sole ca rbon  source  for 
one day  p r o d u c e d  l ipids wh ich  con ta ined  linoleic acid (36 %) as the  ma jo r  
fa t ty  acid, whi le  rep lac ing  g lucose  wi th  oleic acid p r o d u c e d  fungal  g rowth  
r ich in oleic acid. 

S imi lar ly  the  source  of  n i t rogen  af fec ted  fungal  fa t ty  acid pat tern .  Inor-  
ganic  n i t rogen  inc reased  oleic acid con ten t  a p p r o x i m a t e l y  twofo ld  tha t  
p r o d u c e d  wi th  organic  ni t rogen.  The  source  of  n i t rogen  great ly  af fec ted  
the  total  u n s a t u r a t e d  fa t ty  acid con ten t  o f  total  lipids. Inorgan ic  n i t rogen  
inc reased  the  degree  of  unsa tu r a t i on  of  the  total  l ipid ex t rac t s  re lat ive to 
tha t  ob ta ined  us ing  organic  ni t rogen.  The  fa t ty  acid pa t t e rn  syn thes ized  in 
d i f ferent  fungi  was  r epo r t ed  to va ry  accord ing  to the  n i t rogen  source  (3, 9). 
The  degree  of  total  l ipid unsa tu ra t ion  was  not  only  affec ted  b y  a n i t rogen  
source  bu t  also by  cul ture  aging, s ince an incuba t ion  per iod  longer  t han  
one  day  increased the  a m o u n t s  of  unsa tu ra t ed  fa t ty  acids at the  e x p e n s e  of  
sa tu ra ted  fa t ty  acid, par t icu lar ly  oleic acid. 
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