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Abstract

ATIAT ABD EL AZIZ ISMAIL. BIOCHEMICAL STUDY ON FAT
PRODUCTION FROM YEAST

Unpublished Ph.D., University of Ain Shams, Faculty of Agricuiture,
Department of Agricultural Biochemistry 1996

In general, it is possible to recognize two groups of yeasts.
The first group comprises the majority of yeasts which contain
between 7 to 15% fat. Second small group sometimes known as fat
yeast  which contain much more fat ranging from 30 to 60%.
Therefore, the possibility of fat production from yeast strains was
tried. Rhodotorula glutinis, was selected as the most active fat-
accumulating strain. Optimization of the nutritional (Carbon,
nitrogen and phosphorus sources) and environmenta! (medium pH
value, incubation temperatuare and aeration level) conditions were
also tried. Optimal yield of fat being 56.2% with fat yield efficiency of
11.78% was achieved, when Rh. glutinis was cultured on medium
containing 60 g/L of glucose, 0.065 g/L of nitrogen (in the form of
com steep liquor) and 0.05 g/L of phosphorus (in the form of
KH.PO,) to bring C/N and N/P ratios of 369:1 and 1.3:1, respectively.
Qualitative and guantitative determinations of individual fatty
acids of the extracted fat from Rh. glutinis, grown under different
degrees of incubation temperatures (15, 20, 25, 30 and 35°C) as
well as different levels of aeration (0.11, 0.2, 0.32, 0.52 and 1.10
mMO./L/min), were described. The total unsaturated fatty acids
accounted 23.75. 28.35 and 33.45% atthe growth temperatures of
15, 25 and 35°C, respectively. The corresponding figures for the
saturated fatty acids were 76.25, 71.65and 66.55%, respectively.
‘timal amount (13.89%) of the short chain fatty acids was detected
growth temperatuare of 25°C. In addition, the growth
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temperature of 25 C activated the biosynthesis of stigmasterol and
B-Sitosterol, which amounted 2.92 and 8.73% (on the basis of the
unsaponifiable matter) respectively.

The GLC analyses indicated that the unsaturated fatty acids
were relatively high at the high aeration levels (0.52 and 1.10
mMO./L/min).  Thus, the unsaturated:saturated fatty acids ratio
shifted favourably towards the production of unsaturated fatty acids
(Cigr. Cuaz and C,g;) at the high oxygen absorption rate, OAR, which
also enhanced the ability of Rh. glutinis to synthesis both
stigmasterol and -sitosterol.

The physical and chemical properties of the extracted fat from
Rh. glutinis, were aiso studied. Besides, scaling up experiment for
fat production by using cheap and abundant agroindustrial wastes
(sugarcane and beet molasse, the acid hydrolyzate of akalona,
sugarcane bagasse and cotton husk) to optimize the economics
proposition was aiso done.
Kew words: Rhodotorula glutinis,  batch culture, unsabonifiable
matter, odd numbered, oxygen absorption rate, (OAR).

Central Library - Ain Shams University



CONTENT

2 Review Of IREFAtUre . . . . .. oovver e r oo T
2 1. Micro-organisms as a potential SOUrces for lipid production . . . . .
2.2. Effect of growih conditions on microbial lipid contents .. ... ...

2 2.1 Nutritional conditions . . . .. ... .o e e
2211, CAMONSOUITE . . . . ccnmrcrer o s
2912 NItrogen SOUMGE. . .. . ..o wromm-mmeo oot rt T os
2.2 1.3. C:N:P ratio of the growth medium. .. ..o ne

222 Environmental conditions. . ...ttt

2.3. The lipid composition of yeastGells. . ...

31 MAENAlS. . . cvmc e
3.1.1. Source of agroindustrial FESHAUBS. . . v cveremmmn v mm e
3.1.2. microorganisms used . . .. ..o e
3.1.3. microbiological media USEBH . . oo e

B0 MEINOAS . . .« v veea s
3.2.1. Preparation of com steep liquor, sugarcane and beet

MOMASSES . . oo vamms e
3.2.2. preparation of acid hydrolyzate of cotion husk, akalona and

SUQArcane bagasse . . . .. .. or sttt
32,3, Preparation of yeast preculture . . .. ........c-.-c ot
3.2 4. Screening of yeast strains and suitable medium for fat

PrOGUGHON . . oo ove oo nese e s
3.2.5. Fat production in shake flasks experiments . ... ... ... ..
3.2 6. fat production in the FEIMENtOr. . . . oo em st

33 Methods of analyses. . . .. .-« ovr e

3.3.1. Chemical determinations. . . ..........ooomerrrommros
3.3.1.1. Determination of reducing sugars. . .......-.---- -
3.3 1.2. determination of the crude protein. . ...
3.3.1.3. determination of glycerol. . .. .......coo e
3.3 1.4, Determination of total lipids and carotenoids . . . .. ...
3.3.1.5. determination of oxygen absorption rate (OAR). .. ...

3.3.2. Physical and chemical propertiesofoil . ............---"
3321 Refractiveindex . ... ... ooenm et
33922 Acidvalu. . .. ... ..
3323 perodd value ... ...
3324 Saponificationvalug .. ... aa e
3.3.2.5 Unsaponifiable matter. . .............oovrommes
3.3.2.6. lodine value

Central Library - Ain Shams University

WLWWww

N oo

Y



3.3.3. Chromatographic anaiysis for ail samples. .. ... ... ... . .. 26
3.3.3.1. Isolation and extraction of fattyacids. .. ........ . _. 26
3.3.3.2. methylation of fatty acids . . . ...... .. . ... ... 27
3.3.3.3. Fractionation and determination of the fatty acid methyl

esters and unsaponifiables. . .. ... ... ... . . ... . . 27

4. Resultsand Discussion . .. .......... ... .. ... .. . .. ... 29
4.1. Selection of yeast strains for fat production. . . .. ... .. ... .. . 29
4.2. Dynamics growth of Rh. giutinis in shake flasks. ... ........ 31
4.3. Effect of growth conditions on fat productionr. . . ... . ... ... ... 36

4.3.1. Effect of nutritional conditions. . .. ..... .. .. .. ... 36
43.1.1. Effectofcarbonsource . .. .. ... ... . . . .. 37
4.3.1.2. Effect of different concentrations of Qlucose. ... ... .. 41
4.3.1.3. Effect of different nitrogen sources. . .. ... ........ 44
4.3.1.4. Effect of different concentrations of com steep liquor. . 50
4.3.1.5. Effect of different concentrations of yeast extract . . . . . 53
4.3.1.6. Effect of different concentrations of phosphorus. . . . . . 57

4.3.2. Effect of physical conditions. . .. ....... ... . .. . 60
4.3.2.1. Effect of different initial pH values . . . ... .... ... 60
4.3.2.2. Effect of the growth temperature. . . . ... . ... ... . 63
4.3.2.3. Effect of different aerationrates . .. .. .. .... . 74

4.3.2.3.1. Influence of axygen absorption rate (QAR) of
0¥ mMOo/Lmin. . ... ... .. ... . . ... 75
4.3.23.2. Influence of OAR of 0.2 mMOo/Limin. . .. .. ... 80
4.3.2.3.3. Influence of OAR of 0.31 mMO>/Lmin. . ... ... 85
4.3.2.3.4. Influence of OAR of 0.52 mMMOy/Limin ... . ... 90
4.3.2.3.5. Influence of OAR of 1.10 mMOo/L/min. . . ... . .. 95

4.3.2.3.8. Influence of aeration levels on the degree of

unsaturation . . ...... ... ... 101
4.3.2.3.7. Influence of aeration levels on sterot biosynthesis. 101
4.3.2.4. Physical and chemical properties of Rh. glutinis fat . . . 105
4.3.2.5, Economics of microbial fat production. . ... ... .. . .. 108
SoSummary. ... 112
6. Reference ... ... .. ... ... . . ... ... . ... 122

7. Arabic summary

Central Library - Ain Shams University



Table

(3]

(8}

List of tables

Subject

Potenuialities of veast strains for fat production on different
growthmedia . .. ... ... ... ... .

Dvnanucs growth of Rh. glutinis grown in med. No.2 in shaked

Effect of different carbon sources onthe growth fat, protein
and carotenoids contents of Rh. glutinis grown on med. No 2 in
shake flasks for %6 hrs at 30°C. ... ... .. ... ... .. .. ...

Effect of different glucose concentrations on the growth, fat,
protein and carotenoids contents of Rh. glutims grown on med.
No.2 in shake flasks at 30°C for 66 hrs. . .. .. ... .. .. .. ..

Effect of different nitrogen sources on the growth, fat, crude
protein, carotenoids contents of Rh. glutinis grown on med.
No.2 in shake flasks at 30°C for96 hrs. ... ... ... ......_.

Effect of different concentrations of nitrogen in the form of
com steep hiquor on the growth, fat, carotenoids and crude
protein contents of Rh. glutinis grown on medium No.2. . . . |

Effect of different concentrations of nitrogen in the form of
veast extract on the growth, fat. carotenoids. crude protein
cortents of Rh. glutinis grown on basal medium containing
0.065 g/L of mtrogen in the form of com steep liquor. . ... . ..

Effect of different concentrations of phosphorous in the form of
KH,PO4 on the growth. fat. crude protein and carotenoids
contents of Rh. glutims .. .o
Effect of differenr initial pH values and calcium carbonate as
buffering agent on the growth. fat. crude protein and
carotenoids production of Rh. glutinis

Central Library - Ain Shams University

46

54

61



Table
No.
10

11

14

16

17

Subject

Effect of different incubation temperatures on the growth, fat,
crude protein and carotenoids contents of Rh. glutinis grown on
modified med. No.2 atpHvalueof 5.5 .. ... ...........

The fatty acids composition of the extracted fat from Rh.
glutinis grown under different growth temperatures. ... ... ..
Rhodotorula glutinis fatty acid pattems syntheized at different
growth temperature. . .. .. .. ....... .
Patten of unsaponifiable fraction of the fat of Rh. glutinis
grown at different growth temperatures. . .. ......... ... ..
Influence of OAR of 0.11 mMO,/L/min on the growth, fat.
crude protein and carotenoids contents of Rh. glutinis, grown
on modified med. No.2 as a batch cuiture in the fermentor. . . .

The fatty acids composition of the extracted fat from Rh.
glutinis grown at aeration rate of 150 mi/min.
{0.1 tmMO7/L/min. OAR) and agitation speed of 150 pm . . .

Unsaponifiable fraction of the fat produced of Rh. glutinis,
grown as batch culture in fermentor aerated with 150 wml/min.
air flow rate (0.11 mMQO5/L/min. OAR) and agitation speed of
ISOMPM . . o
Influence of OAR of 0.2 mMO4/L/min. on the growth. fat.
crude protein and carotenoids contents of Rh. glutinis grown on
modified med. No.2 as a batch culture in the fermentor

Central Library - Ain Shams University

Page

64

68

70

73

76

78

79

31



