
61 
Annals
 

Agrie. SeL,
 
Ain Shams Univ.,
 

Cairo, 52(1),61-73,2007
 

EVALUATION OF CAROTENOIDS PRODUCED BY RHODOTORULA GLU­

TlNIS USING BIOREACTOR WITH DIFFERENT FEEDING TECHNIQUES
 

ON ALBINO RATS
 

[4] 
Gamal, Rawia F.1

; Hemmat M. Abd Elhady1; Sh.M. Selim1 and A.F. Hussein2 

1.	 Department of Agricultural Microbiology, Faculty of Agriculture, Ain Shams Univllrsity, 
Shoubra EI-Kheima, Cairo, Egypt 

2. Department of Animal Production, F'acuity of Agriculture, Ain Shams University, Shoubra 
EI-Khei.ma, Cairo, Egypt 

Keywords: Rhodotorula glutinis, Carotenoid 
pigments, Toxicity, Liver function, Kidney 
function. 

ABSTRACT 

Carotenoids production was studied by 
cultivating R. glutinis 32 on modified MM-4 
in bioreactor as a batch, two stage batch and 
fed batch cultures. Five incubated tempera­
tures as well as five agitation speeds were 
tested for carotenoids production using batch 
bioreactor technique. The highest figures of 
carotenoids concentration and productivity 
were 4.24 mg- L· I , and 0.044 mg L'!h'! respec­
tively on MM-4 incubated at 32t, 550 rpm 
after 72 h using two stage batch technique, 
while 44% and 27% were loss respectively 
on molasses medium. Two feeding rates of 
glycerol were studied during the production 
of carotenoids using fed batch culture, the 
highest carotenoids parameters were recorded 
at 4.0 gL·1h,1 glycerol feeding rate. The latter 
technique increased the 
tent and productivity of 
glutin is to 1.26, 1.09 and 
tively as compared with 
batch bioreactor technique 

concentration, con­
carotenoids by R. 

1.26 fold respec­
that obtained in 
after 77 hr. The 

statistical analysis of animal feeding on plant, 
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microbial carotenoids, or normal diet proved 
that the difference in TJ , T4 hormones and 
daily gain among the three groups were in­
significant. GOT and ALP enzymes as well 
as urea concentration in blood' had no signifi­
cant differences, except GPT and uric acid 
concentration among the three groups. The 
histopathological studies showed normal his­
tological structure with no clinical carcino­
genic signs either of liver or kidney rats of 
the three groups. 

INTRODUCTION 

Microbial sources are being exploited to pro­
duce natural coloring substances to avoid the tox­

'. icily of synthetic colorants. So, microbial carote­
noids are becoming more important as natural 
colorants and ingredients for a variety of applica­
tions. Carotenoid pigments may be used as addi­
tives in the foo_d, feedstuff, pharmaceutical or 
cosmetic industries (Tsubolwra e/ ai, 1999). They 
can also be used in agriculture to enhance flower, 
fruit or plant color. Carotenoids seem to playa 
fundamental role, their presence in the human diet 
being considered positi vely because of their action 
as pro-vitamin A (Johnson and Schroeder, 
1996), to prevent or correct of vitamin A defi­
ciency in man, antioxidant or possible tumor­
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inhibiting agents (Steck et ai, 2004) due to their 
ability to react as powerful antioxidant. 

Several bacteria, fungi and yeasts are effec­
tive carotenoids producers. These carotenoids are 
natural pigments, but only beta-carotene IS pro­
duced commercially on a limited scale, and at high 
cost, from just one microbial source. Moreover, 
many investigators (Buzzini & Martini, 1999 
and Buzzini, 2001) stated tnat the red yeasts be­
longing to genus Rhodotorula may have industrial 
relevance as carotenoid producers. 

Therefore, the present study was designed 
to study the production of carotenoids by R. gluti­
nis under bioreactor conditions of either batch; 
two stage batch or fed-batch culture. Moreover, 
toxicological evaluation of carotenoids produced 
was studied to asses their safety in experimental 
animals. 

MATERIALS AND METHODS 

Yeast strain used 

A preliminary screening program by Galal, 
(2004) for high carotenoid producer yeast, showed 
that Rhosotorula glufinis 32 was the most active 
on MM-4 medium. 

Media used 

1- Propagation medium 

Modified CAlM, (1987) as recorded by 
Galal, (2004), this medium was used for yeast 
propagation. It consists of(gL· I ) Yeast extract, 10; 
Bacto peptone, 20; glucose, 10 and Agar, 20; pH 
4.5-5.0. 

2- Production medium (Galal, 2004), modified 
medium No.4 (MM-4) which consists of (gL") 
glycerol, 40; Ammonium nitrate, 0.111; Yeast 
extract, 1.033, MgS04. 7 H20, 0.2; KH2P04, 6.25; 
NaCI, 0.75 and FeS04. 7H20, 0.005; pH 5.0. 

Standard inoculum was prepared by inocula­
tion of conical flasks (250 ml) containing 100 ml 
of modified CAlM with a loop of tested strain. 
The inoculated flasks were incubated on shaker 
(150 rpm) for 24 hr at 30°C. Three ml of the cul­
ture were used as a standard inoculum (1.25 g 
dried cells/L) in fermenter experiments. 

Bioreactor experiments 

In this present work, 3 L dished bottom biore­
actor 2611 O/Coob (Cole-Parmer Instrument) was 

used, which consists of 3 liter vessel equipped 
with lipseal stirrer assembly, automatic pH con­
troller, automatic dissolved O2, automatic tem­
flerature controller., foam controller and mul­
tlchann~1 peristaltic pump (for feeding): R. glutinis 
was grown in the bioreactor as batch, two sage 
batch and fed-batch cu Itivation.. 

1. In ba.ch culture 

The fermentation vessel contammg 1940 ml 
production medium was autoclaved at 12 IbC for 
20 min, then inoculated with 3% standard inocu­
lum to give 2 liter working volume. Initial pH was 
adjusted to 5±0.1. Initial dissolved O2 was kept at 
20% saturation. Effect of incubated temperature 
and aeration rate in carotenoids production were 
investigated by usillg different temperatur~ 

ranged form 25 to 34°C and different agitation 
speed ranged from 150 to 750 rpm, Samples (10­
20ml) were taken every 3-12 hours for microbi­
ological and chemical analyses, 

2. In two stage batch culture 

The first stage was carried out by moculation 
of 100 ml modified CAlM medium (in 250 ml 
conical flasks) with 3 ml (1.25g dried cells /L ) 
standard inoculum, then incubated at 30bC for 24 
h on rotary shaker (150 rpm), The cells were har­
vested by centrifugation, washed with sterile dis­
tilled water, presuspended in sterile productive 
medium and used to inoculate the fermentation 
vessel to give 2 L final working volume. Modified 
medium 4 and molasses medium were used during 
second stage of cultivation. Temperature, initial 
pH and agitation speed were kept at 32°C ± l°e, 
5.0 ± O. I and 550 rpm, respectively. 

3. In fed-batch culture 
'" 

Continuous feeding of glycerol solution (10%) 
was fed continuously during the first 10 or 30 hrs 
of fermentation period at rate of 4 or IJ3 g L· 1h· l • 
respectively. The operating condition and propa­
gation as well as microbilogical or chemical 
analyses were done as mentioned before. 

Experimental analysis 

Fifteen mature male albino rats were randomly 
divided into three groups with five animals in each 
group and housed individually in group cages. The 
rats were weighed and fed the basal daily diet, 
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which contained white corn, beans, dried bread 
and fresh water. All animals wefe administrated 
orally by a stoJnach tube as: G I (Control) sun­
flower oil (dissolving agent) only, G2 (Plant) sun­
flower oil with plant ~-carotene, G3 (Microbial) 
sunflower oil with microbial carotenoids. Doses 
were used on the basis of daily requirements of~­
carotene of rats as 2,39 mg per kilogram body 
weight NRC, (1987). The animab were weighed 
and kept under observation for a period of 28 days 
for the symptoms of toxicity and cancer. At the 
end of acute period the animals were weighed and 
the blood was collected then the animals were 
sacrificed and liver and kidney were removed for 
histological examination. 

Blood samples were withdrawn by heart punc­
ture to determine some blood parameters and 
hormones TJ (Triiodonthyronine) and T4 (Tetraio­
dothyronine) as indicators to thyroid function and 
their relation to the metabolic processes and daily 
gain. Glutamic pyruvic transaminase (GPT), Glu­
tamic oxaloa"cetic transaminase (GOT).and Alka­
line Phosphatase (ALP) as indicators for liver 
function and Urea, creatinine and uric acid as indi­
cators for kidney function. 

Chemical determination 

Carotenoids extraction and determination 

Carotenoid pigments were extracted from the 
productive yeast cells and determined according 
to the method described by Frengova el at 

. (1994). 

Triiodothyronine (TJ ) and Tetraiodothyronine 
(T4) dctcrmina tion 

T3 and T4 concentration in rats plasma or se­
rum was carrid out according to the method rec~ 

ommended by Wistom (1976). 

GPT and GOT were determined according to 
the method of Schmidi & Schmidi (1963), 
whereas ALP was determined according to the 
method of Bclfielda and Goldberg (1971). 

Urea determination: Urea concentration was 
assayed enzymatically using urease. In an alkaline 
medium, the ammonium ions react with the salicy­
late and hypochlorite to form a green colored in­
dophenol according to Patton and Crouch 
(1977). 

Creatinine determination 

Creatinin,,: in alkaline solution reacts with 
picrate to form a colored complex. The rate of 
tormulation of the complex was measured pho­
tometrically at 492 nm according to Henery 
(1974). 

Uric acid determination 

Enzymatic color test on basis of Trinder­
Reaction according to Trinder (1969) was applied 
to determine uric acid. 

Histopathological examination 

The rats were sacrificed and tissue specimens 
from liver and kidneys were fixed in 10% neutral 
buffered formalin and embedded in paraffin wax. 
Sections of about 4-6 microns in thickness were 
prepared and stained by haematoxylin and eosin 
after (Luna, 1968). 

Statistical analysis 

Afixed model was used to detect significance 
of temperature and time on carotenoids production 
(SAS, 1989) for Table (I), and different agitation 
speeds and time for Table (2). It was difficult to 
test first order interactions because of the insuffi­
cient subclass numbers significant differences 
between the levels of the factors were also de­
tected by Duncan's multiple rang test (Duncan, 
1955). A simple fixed model was used to obtain 
results ofTable (6 & 7). 

Calculation of carotenoids parameter 

Yield %, yield coefficient mg/g cell dry 
. weight, content % and productivity mgL'1 h- 1 of 
.caroter1oid pigments were performed according to 
Ramadan et"al (1985); Grothe el at & (1999); 
Lee & Chol (1998) and Lee (1996), respectively. 

RESULTS AND DISCUSSION 

I. Production of carotenoid pigments by R. glu­
fillis 32 using bioreacor 

1.1. As a batch culture technique 

Regarding to the amount of carotenoids (mg 
L-1

) produced by R. glutinis 32 at different incu­
bated temperature 25-34°C (Table 1 & Fig. 1), it 
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Table I. Effect of incubated temperature on carotenoids production by Rhodotoru!a glutinis 32 on modified medA during 72 hours incubation period using 
bioreactor as a batch culture. 

34 °C 

Carotenoid 

Cons. Yelx 

(mgr 1 
) (mgg· l ) 
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0.0 00 
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CD 
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Incubated 

temperature 

Time 

(hours) 

0 

3 

6 . 

Cell 
dry 

weight 

(gr ' ) 

0.19b 

0.33d 

0.46' 

25°C 

Carotenoid 

Cons. 

(mgr l 
) 

Ydx 

(mgg-') 

- -
0.039d 

0.078d 

O. I 18d 

O. I70c 

Cell 
dry 

weight 

(gr 1
) 

0.18b 

0.3 I· 

0.50d 

28°C 

Carotenoid 

Cons. 

(mgr') 

Ydx 

(mgg-1
) 

- -
0.042c 

0.J02c 

0.l35c 

0.204b 

Cell 
dry 

weight 

(gr') 

0.2' 

0.36b 

0.8b 

30 °C . 
Carotenoid 

Cons. 

(mgr l ) 

Ydx 

(mgg- I ) 

- -
0.054b 

O. J05b 

0.15b 

O.I3l d 

Cell 
dry 

weight 

(gr l
) 

0.21' 

0.365b 

0.60c 

32°C 

Carotenoid 

Cons. 

(mgr l 
) 

Ydx 

(mgg· l ) 

- -
O. 114' 

0.134' 

0312' 

0.223' 

Cell 
dry 

weight 

(gr ' ) 

0.20' 

0.39' 

1.0' 

9 0.55d 0.122d 0.222c 0.69c 0.155c 0.225b 0.82b 0.185b 0.226b 0.81 b 0.2 I 7' 0.268' 1.0' 0.0 00 

12 0.61· 0.168d 0.275c 0.97d 0.272c 0.280b 1.12< 0.327b 0.292' 1.23b 0.337' 0.274c 1.25' 0.0 0.0 

24 0.66d 0.207d 0.314c 1.25c 0.397c 0.318c 1.32b 0.442b 0.335b 1.27c 0.502' 0.395' 1.46' 0.016· 0.01 ]d 

27 0.71 d 0.238d 0.335c 1.30c 0.437c 0.336b 1.42b 0.493b 0.347b 1.32c 0.620' 0.470' 1.65' C 062e 0.03Sd 

30 O.SI· 0.275d 0.3AOd 1.35d 0.497c 0.368b I.54b 0.642b OAI7b 1.39< 0.758' 0.545' 1.85' 0.064· 0.035< 

33 

48 

0.89· 

0.97d 

0.31Sd 

0.31Sd 

0.354d 

0.325e 

I.5l d 

, -1.56e 

0.655c 

0.797c 

0.434c 

0.511 b 

BI.6S e 

1.82b 

0.781 b 

0.930b 

0.473b 

0.511 b 

1.87b 

2.20' 

1.02 I' 

1.385' 

0.546' 

0.630' 

2.05' 

2.2' 

0.081 e 

0.13S· 004l:~ I0.063d 

72 0.97< 0.27Sd 0.284d 1.73d 0.798c 0.461 c 2.0S< 0.927b OA46b 2.2b 1.440' 0.655' 2.3 d 0.084< 0.037· 
" 96 0.98· 0.222d ·0.227d I.73 d 0.676< 0.390c 2.07< 0.751 b 0.363b 2.2b I.3S4' 0.615' 2.3' 0.071' 0.03 Ie 

y cJx = Carotenoid yield coeffic.ient (mgg·T dry cell) 
Means in the same row within each classification having the different letters are significantly (p::OO.OO I) different. 

I 
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Fig. 1. Parameter of carotenoid produced by Rhodotorula glutinis 3:L grown on modified med.4 at differ­
ent incubated temperatures for 96 hrs incubation period using bioreactor as a batch culture. 

could be noticed that it gradually increased during 
the fermentation period, till reaching the maxi­
mum at 32°C after 72 hrs. Data also revealed that 
carotenoids concentration, yield coefficient and 
content were increased significantly (p~ 0.00 I) by 
increasing incubation temperature till reached the 
maximum being 0.655 mg g.1 dry weight and J.44 
mg L'I, 0.065% respectively at 32°e after 72 hrs. 
The highest figure of productivity being 0.03 Jmg 
L'lh'l was observed after 33 hrs at 32°C. It could 
also be stated that increasing the temperature from 
300 e to 32°e led to significant increase (p~ 0.00 I) 
the carotenoids concentration, content and produc­
tivity being 55%, 44% and 53% by R. glulinis 32 
respectively after 72 his on modified mcJ -4. 

Milhattanatavee & Kulprecha (1991) ob­
tained the highest yield of ~-carottne by yeast 
strains in productive media incubated at 25-3°C. 
Maximtim'production of carotenoid pigments. was 
produced by R. g!ufinis, L. helveticus (Frengova 
et III 1995) and R. glufinis. D. castelii Co-cultures 
(Buzzini, 2001)-after 120 hrs at 30°C. The growth 
of R. glufinis 32 and carotenoids production as 
influenced by different agitation speeds were re­
corded in Table (2). The data indicated that in­
creasing the agitation speed resulted in significant 
increase (p~ 0.001) the cell dry weight and carote­
noids concentration till reaching the maximum 
(2.8 g L" & 4.38 mgL'I) at 550 rpm after 72 hrs 
incubation period. 
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Table 2. Carotenoids production by Rhodotorula glulinis 32 on modified medA as affected by different agitation speeds during 96 hours incubation period at 0-. 

32°C using bioreactor as a batch culture. 

Agitation 
150 rpm 350 rpm (control) 550 rpm 650 rpm 750 rpm I

speed . 
Cell Carotenoid Cell Carotenoid Cell Carotenoid Cell Carotenoid Cell ':::arotenoic 

-- I 
Time dry dry dry . dry dryYClx YClx

Cons.. Cons. Y C/x Cons. Cons. YClx Cons. VCI> Cl 
~(hours) weight (mgg' weight weight (mgg' weight weight l 3{mgr J

) (mgrJ
) (mgg·1

) (mgr1
) (mg]"l) (mgg· l

) (mgr ) (mgg· l) 
~ (gr l ) I) (gr J

) (gr l
) J) (gr l ) (gr l

) 
;;0 

:;:0 0.18" - - 0.19" - - 0.20' - - 0.20' - - 0.18" 
~ 

>- .~. 
;:l 
;:l 3 0.21 d 0.015 b 0.071 < 0.24< 0.090 b 0.375 a 0.23 c O.OSb 0.348 b 0.33 ' 0.060' 0.182 c 0.31 b 0.02:' b 0.0~1 d I ::t 
~ ~ 
UJ 36 0.23' 0.057 ' 0.248 ' 0.54< O.Il7 b 0.217 b 0.76 b 0.13 ' 0.16e c 0.85 ' 0.085 c 0.100 d 0.51 d 0.041' 0.080 c 

3>­
(JQ a9 0.25' 0.062 d 0.248 c 1.02 c 0.340 b 0.333b 1.15 b 0.58 • 0.504 ' 1.20' 0.102 c 0.085d 0.80 0 0.059 d 0.074 e:::!. 
() >­cr
C/l 12 0.33' 0.087 d 0.264 c 1.23 < 0.590 b 0,480 ' 2.50' 0.97' 0.38S b 1.35b 0.132 c 0.098 d 0.93 d 0.0:'0 d 0.097 d o­
£!. tT; 

24 0.35d 0.185 d 0.529' .. l.39 b 0.680 b 0,489 b 2.65 " '.09' 0,409 c 1,40 < 0.170 d 0.121 d 1.00 c 0.116 • 0.116 c S'Ul 
~N 0­---. 

::<;27 0,43 < 0.225 c 0.523 c 1.64 b 0.985 b 0.601 b 2.70" 2.02" 0.748 ' 1.60 ' 0.284 c 0.178d 1.35 d 0.162 ' 0.120·::-­
C/l

N ~30 0045< O.277 d 0.616 c 1.85 ' 1.194 b 0.645 b 2.70' 2.49" 0.922" 1.65 • 00402 c 0.244b lAO d 0.248· 0.178 ' o 
o 3'-.l 

33 0.53 • 0.367" 0.692 b 2.01 b 1.362 b 0.678 < 2.70' 3.14 • 1-163 a 1.70 • 0.970 c 0.571 d lAO d 0.621 d 0.444 ' ~ 
;:l 
0­

,'I 

48 0.75' 0.397' 0.529 d 2.lO b 1.44 c 0.686c 2.70' 3.96 • 1467' 1.90 '_ 1.523b 0.802b 1.70 d 0.842 d 00495 • :I: 
c 
V>72 0.80' 0.551' 0.696 c 2AO d 1.65 c 0.688 d 2.80' 4.31; , 1.564 • 2.60' 2.097 b 0.807 b 2.50 c 1.265 d 0.506 " V> 
~ 

S'96 0.80 d 
0.164 • 0.205 • 2.44< 1.54 c 0.631 b 2.80' 3.36 • 1.203 • 2.65 • un b 0.601 c 2.45 c 0.623 d 0.254 ' 

Means in the same row within each classification having the different letters are significantly (p::OO.OOl) different. 
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The corresponding figures or carotenolds yield 
coefficient (YC/X), content and productivity were 
1.564 mg g,l cell dry weight, 0.156% and 0.061 
mg L,lh,l respectively (Table 2 & Fig. 2). Using 
agimtion :;peed at 550 rpm increased carotenoids 
concentration, content and productivity approxi­
mately 2.65. 2.27 and 2.65 fold, respectively than 
that produced on culture agitated at 350 rpm. 

These results are in partial agreement with 
those obtained by Martelli & Da Silva (1993) 
and Bhosale & Gadre (2001) who used 400 rpm 
for optimum "arotenoids formation in R. glufinis 
cells. 

-+- 150 rpm __ 350 rpm -'ltr- 550 rpm 

~ 650 rpm 750 rpm 
0.18 

0.16 

0.14 

0.1 

0.08 

0.06 

0.04 

0.02 ~::a:=W--It-.-=:::::a---

6 9 12 24 27 30 33 48 72 96 

6 9 12 24 27 30 33 48 72 96 

Fig. 2, Parameter of carotenoid produced by 
Rhodotorula glutinis 32 grown on modi­
tied med.4 at different agitation speeds 
for 96 hI'S incubation period u,,;ng biore­
actor as a batch culture. 

1.2. As two stage batch culture 

Data presented in Table (3) clearly show that 
carotenoids concentration, productivity and spe­
cific production ,atc v,ue decreased about 44%, 
27% and 50% on molusses medium than that ob­
tained on modified m-:dium 4 (MM-4) after 72 hI'S 
at 32°C. This may be due: to the presence of some 
inhibitory substance such as heavy metals in mo­
Jas:;es. 

'i'able 3. Caro1.enoids production by Rhodotorula 
glufinis 32 on molasses medium during 
120 hours incubation period at 32°C us­
ing bioreactor (550 rpm) as a two stage 
batch culture. 

Carorcnoids Specific 

Time in production 

hours 
Concentration Productivity 

(mgt,lh- l) 
rate 

0 0.068 0.003 

24 08113 0.034 0.107 

48 \,671 0.033 0.027 

72 2.365 0.032 0.014 

96 2.337 0,024 0.00 

120 2.01 0.016 0.00 

1.3. Fed batch culture 

In fermentation processes where cell growth 
and/or product formation is inhibited by high sub­
strate concentration or by the accumulation of a 
byproduct, substrate is intermittently fed to the 
culture system in order to maintain the substrate 
concentration below a certain level for enhance­
ment of biological and metabolic activity. So, R. 
glufinis 32 was grown in bioreactor as a fed-b..itch 
culture using continuous feeding of glycerol dur­
ing the first 10 and 30 hrs offennentation at a rate 
of 4 gL,1 h,l &- 1.33 gL-1h,1 respectively. Data 
given in Tables (4 & 5) clearly show that the 
tested strain grow exponentially during the first 24 
hrs of fermentation and gave the highest growth 
after 96 hI'S being 3,85 & 3.53 gL,1 at 4 gL-1h" and 
1.33.,gL"h" feeding rate, respectively. At the for­
mer feeding rate, the carotenoids production in­
creased gradually during fermentation period, till 
reach the maximum after 72 hrs, recorded 5.526 
mg Lo 1, 1.7 mg g'l, 0.17% and 0.077 mgL,lh,1 for 
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Table 4.	 Growth of Rhodotorula glutinis 32 and carotenoids production during 120 h incubation at 32°C 
on modified med,4 using bioreactor (550 rpm) as a fed-batch cultur~ with continuous addition of 
glycerol at a rate of 1.33 gh" 

, 
Carotenoids produced Cell dry '=lTime in weight

hours	 Concentration Y clx Content Productivity(gl"l) 
(mgl") (mgg,l) (%) (mgr'h") 

0 0.23 0.00	 ~ 
24 1.0.1 0.532 0.517 0.052 0.022 

30 1.32 0.684. 0.518 0.052 0.023 0.042 

48 2.11 0.983 0.466 0.046 0.020 0.020 

54 2.30 1.002 0.436 0.044 0.019 0.003 

72 3.02 2.134 0.707 0.071 0.030 0.042­

78 3.14 2.165 0.689 0.069 0.028 0.002 

96 3.53 1.132 0.321 0.032 0.012 0.000 

120 3,45 0.876 0.254 0.025 0.007 0.000 

Table 5.	 Growth of Rhodotorula glutinis 32 and carotenoids production during 120 h incubation at 32°C 
on modified med,4 using bioreactor (550 rpm) as a fed-batch culture with continuous addition of 
glycerol at a rate of 4 gh,l. 

Cell dry	 Carotenoids produced 
Time in weight
hours	 Concentration Y clx Content Productivity(gl"l) 

(mgl"') (mgg'l) (%) (mgt,lh") &~) 

0 0.18 0.00 
" 

24 1.65 1.116 0.676 0.068 0.047 0.125 

30 1.90 1.539 0.810 0.081 0.049 0.054 

48 2.40 2.040 0.850 0.085 0.041 0.016 

54 2.50 2.231 0.892 0.0%9 0.040 0.015 

72 3.25 5.526 1.700 0.170 0.077 0.050 

78 3.55 5.494 1.548 0.155 0.070 0.00 

96 3.85 2.895 0.752 0.075 0.030 0.00 

120 3.80 2.010 0.529 0.053 0.016 0.00 
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carotenoids concentration, yield coefficient rela­
tive to biomass, content and productivity, respec­
tively. So, this technique increased the concentra­
tion, content and productivity to 1.26, 1.09 and 
1.26 fold, respectively as compared with that ob­
tained in batch bioreactor technique. 

II. Effect	 of plant or microbial carotenoids ad­
ministration 

Ill. Thyroid hormones (T3 & T4) and daily 
gain of albino rats 

Means of Triiodothyronine (T3) and Tetraiodo­
thyronine (T4) levels (/lg/dl) of albino rats were 
illustrated in Fig. (3) for control (G.I), adminis­
trated plant carotenoids group (G2) and adminis­
trated microbial carotenoids group (G3) for 28 
days (acute toxicity studies). The statistical analy­
sis showed that the differences in T3 & T4 levels 
among the three groups were insignificant and still 
within the nonnal range. Fujimoto et al (1999) 
found that the serum triiodothyronine (T3) and 
tetraiodothyronine or thyroxine (T4) concentra­
tions were 6.0 and 40.0 flg/dl, respectively in rats. 
Biebinger et al (2007) noticed that repletion of 
vitamin A in rats with concurrent vitamin A and 
iodine deficiency had no discernible effects on 
circulating thyroid hormones. 

60 

50 

c:	 40 
o 

~~ cen 
III	 :J g ~ 30 
o o 

20 

10 

o 

I-Gl IDG2 IilG31
 

T3 T4
 
Treatments
 

Fig. 3. Serum levels of T3 and T4 in control and 
treated albino rats administrated with plant 
or microbial carotenoids for 28 days (acute 
toxicity studies). 

Fig. (4) show that rats which administrated 
with plant p-carotene (G2) has the highest daily 
gain (g) followed by rats administrated microbial 
carotenoids (G3) then the control group (G I), 
however, the difference of daily gain among the 
three groups were insignificant. These results may 
be due to carotenoids which playa role as a pre­
cursor of vitamin A. Also, Simpson (1983) who 
reported that carotenoids such as p-carotene is a 
pro-vitamin A and is necessary for growth and 
life. 

I-GI mG2 I:lG31 
3.5 

3 

2.5 

00	 1.5 

0.5 

OL----------- ­

Treatments 

Fig. 4. Daily gain (g) of albino rats, untreated 
(control) and administrated with plant or 
microbial carotenoids for 28 days(acute 
toxicity studies). 

11. 2. Liver and kidney functions of albino rats 

Overall mean GPT, GOT and ALP concentra­
tion which express liver function, and the urea, 
creatinine and uric acid mean concentrations 
which express a kidney function of the three 

'.	 groups of albino rats were shown in Tables (6 and 
7). Analysis/of variance revealed that there were 
no significant differences among groups for the 
abovementioned parameters except for GPT and 
uric acid, whert~as significant differences were 
recorded between G3 and the other two groups. 
These findings were in agreement with those ob­
tained by Naidu et al (1999) who reported that 
there were no significant differences in the activity 
of serum enzymes like alkaline phosphates, ALT 
(GOT) and AST (GPT) among control and treated 
groups fed orally R. gracilis at 0.5-6.0 g/kg body 
weight for 14 weeks. 
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Table 6. Means (± SE) of GPT, GOT and ALP treatment. Moreover, they concluded that A. 
concentrations (UlL) and daily gain (g) gracilis provided a good source of lipids, carbo­
for control and administered plant or mi- . hydrates and carotenoids. Also, the toxicological 
crobial carotenoids albino rats. studies on rats for 14 weeks did not show any ad­

verse effects. 

Treatments GPT (UlL) GOT (UlL) ALP (UlL) 

Overall mean 26.37±3.652 54.57±5.326 25729±18.59 

G I (control) 22.50±5.125b 39.25±8.790b 266.50±3764·' 

G2 (plant) J700±4.58I b 54.00±7.862·' 256.80±33.6T' 

G3 (microbial) 3800±4.584' 6740±7862' 250.4±33671' 

Within each column any two means having the same kt1er do 
not differ significantly. 

Table 7.	 Means (± SE) of urea, creatinine and uric 
acid (AU) concentrations (mg/dl) for con­
trol and administered plant or microbial 
carotenoids albino rats. 

Creatinine Uric acid 
Treatments Urea (l11g/dl) 

(mgldl) (mgldl) 

Overallmcan 39.75±3.199 o788±00395 5.78±0.794 

G I (control) 36.14±5.82·' 0.663±OO572' 4.69±O957' 

G2 (plant) 3575±5.21' 0766±O.0512"b 3.61±0856" 

03 (microbial) 46.65±5.21" 091 0±005 I2b 8.82±0856' 

Wllhlll each column any two means haVing the same letter do 
not differ significantly. . 

III. Histopathological studi~s 

The present study clearly showed that carote­
noids of either plant or microbial origin had no 
clinical toxicity or carcinogenic signs on liver and 
kidney tissues of the treated rats during the entire 
period of treatment (acute toxicity) as illustrated in 
Figs. (5 and 6). Parallel results and conclusion 
were obtained by Naidu et (Ii (1999) who reported 
that feeding high and low concentration of R. 
gracilis (freeze-dried cells) which produced caro­
tenoid pigments to both sues of albino rats for 3 or 
14 weeks had no clinical signs of toxicity or mor­
tality of the animals during the entire period of 

Fig 5.	 (a, b and c): lllustrated normal histological 
structure of hepatic lobule , central vein 
(CV), sinusoids (s) with defuse kupffer 
cells proliferations and portal canal (pc) of 
liver of control and administrated plant or 
microbial p-carotene rats. 
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Fig. 6 (a, b and c): Showed normal histological 
structure of kidney cortex with hyperemic 
glomeruli (G) and inter lobular blood ves­
sels of kidney of control and administrated 
plant or microbial B-carotene rats. . 

From the previous results concerning kidney 
functions (urea, creatinine and uric acid), liver 

functions (GOT, GPT and ALP) as well as histo­
pathological studies. It could be recommended to 
substitute plant carotenoids by microbial one for 
animal feeding, natural colorant for food industry 
as a precursor of vitamin A in foods as treatment 
of photosensitivity diseases. From the economic 
view, using microbial carotenoids instead of plant 
carotenoids will save a lot ofmoney and time. 
This recommendation rate is in line with those 
obtained by Tsubokura ef af (1999) who stated 
that the pigments may be used as additives in the 
food, foodstuff, pharmaceutical or cosmetic indus­
tries and also used either as an antioxidant, retinal 
precursor or as a yellow color. Also, Lee­
Christine ef al (1999) suggested that dietary in­
take of carotenoids influences the risk for certain 
types of cancer, cardiovascular diseases and other 
chronic diseases. 
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