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Utilization of date syrup as a substrate for carotenoid production
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ABSTRACT-The potential use of date syrup, for the production of carotenoids by
Rhodotorula glutinis in batch fermentation process, was investigated during 7 days. The
results revealed that carbon (glucose or date syrup) and nitrogen sources [yeast extract,
(NH4)2SO4 and NHsNOs] had a significant influence on biomass and carotenoid
production. Maximum vyield of total carotenoid production (7.94 mg/L) with carotene
content (2040 pg/g) and biomass (3.90 g/L) was obtained from R. glutinis after 7 days of
fermentation in a substrate containing date syrup and yeast extract. The highest biomass
(8.03 g/L) was obtained in the culture containing glucose and yeast extract, while the total
carotenoid content of 6.72 mg/L with 836.86 pg/g carotene was produced in this medium.
Significant differences were observed when comparing the average biomass and total
carotenoid productions in different cultures and fermentation times. Our results
demonstrated that date syrup (from low quality dates), as aby-product at a lower price,
could be profitably used as a suitable carbon source for carotenoid production by R.

glutinis.

INTRODUCTION

The agro-industrial by-products are economical sources
of carbon and nitrogen for use in fermentation process.
Date palm (Phoenix dactylifera) is one of the oldest
cultivated plants in the Middle East and North Africa
(Al-Farsiet al., 2005a). Date fruits contains, typically,
total sugars (44-88%), fat (0.2-0.5%), protein (2.3-
5.6%), dietary fiber (6.4-11.5%), minerals (0.1 to 0.916
mg/100 g date) and vitamins such as vitamin C, B1, By,
A and niacin (Al-Shahiband Marshall, 2003; Al-
Farsiet al., 2005b; Biglariet al., 2008).

Date syrup is a product obtained from matured
dates (tamar) and is used in the preparation of some
traditional and industrial foods. The date fruits and
date syrup are used for human consumption, in bakery
and ice-cream products, and for the production of
caramel color, ethanol, vinegar, and single cell protein
(Mehaia and Cheryan, 1991). Because of the large
amount of date production and also its high content of
oligosaccharide and monosaccharide, this fruit, with
its large amount of annual wastes, can be a good
choice of microbial carotenoids production.

Carotenoids are natural bioactive compounds that
play an important role in the function of all living
organisms. They are used commercially as food
colourants (yellow to red colour) and as a source in
pigmentation of fish and shellfish in aquaculture,
having crucial influence on the acceptability of many
foods. Due to their anticancer and antioxidant
properties and immune response stimulants, wider use
of carotenoids as pharmaceuticals and nutraceuticals is
expected (Edge et al.,, 1997; Hennekens, 1997).
Recently, microbial production of carotenoids has
attracted considerable interest. Yeasts in the genus

Rhodotorula synthesize carotenoid pigments produce
major pigments such as [-carotene, vy-carotene,
torulene and torularhodin (Peterson et al., 1958;
Simpson et al., 1971; Perrier et al., 1995).

Carotenoids production vyield by R. glutinisis
affected by numerous environmental and fermentation
parameters such as aeration, agitation, temperature,
pH, and the concentration of the medium components.
For effective carotenogenesis, the use of inexpensive
alternative carbohydrate sources, which typically are
the by-products of various industries and contribute to
contamination of the environment and the use of yeast
strains that produce high amount of carotenoid are
important (Frengova et al., 1994). Recent researches
have focused on the economical production of carotenoids
(Edge et al., 1997; Bhosale and Gadre, 2001; Buzzini,
2001).

The aim of this study was to examine the potential
of date syrup, an agro-industrial raw material, for the
production of carotenoids by Rhodotorula glutinis at
batch scale. In this study, date syrup was chosen as a
substrate mainly because of its high sugar and other
nutrient contents, low cost, ready availability and ease
of storage. Date syrup is an important date fruit by-
product which has not been investigated for B-
carotene production. Furthermore, to the best of our
knowledge, this is the first study investigating the
carotenoids production by Rhodotorula glutinis using
date syrup as an economical carbon source.
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MATERIALS AND METHODS

Date syrup (DS) was obtained from the local shop
(Kabkab). All media and chemicals were obtained
from Sigma, Merck and Difco companies.

Microorganism and Growth Conditions

Rhodotorula glutinis Persian Type Culture Collection
(PTCC) 5256 was purchased from lIranian Research
Organization for Science and Technology (IROST).
The yeast was maintained on a yeast and malt extract
agar slant (3 g/L yeast extract, 3 g/L malt extract, 5 g/L
peptone, 10 g/L glucose and agar 20g/L at pH 6.2 + 0.2)
at 4°C until used.

A yeast starter was prepared by adding one loop of a
24h old slant culture into 250 ml Erlenmeyer flask
containing 50 ml of yeast and malt medium containing
15 g/L glucose, 2.5 g/L yeast extract, 2 g/L malt extract,
1 g/L (NH4)2SO4, 1 g/lL KH,POs and 0.25 g/L

Table 1. Broth fermentation culture composition

MgS04.7H,0 (1) and incubating the flask at 30°C for
72 h. Yeast cells were harvested by centrifugation
(3500 rpm for 30 min), washed three times in sterile
distilled water (As20=0.5-0.75, corresponding to ca.
107cells/ml) in sterilized normal saline.

Fermentation was carried out in 250 ml
Erlenmeyer flasks containing 100 ml of sterilized
medium. The basal medium used for carotenoid
production had the following composition: 40 g/L
glucose, 2 g/L yeast extract, 3 g/L KoHPO4, 3 g/L
KH2PO4, 0.2 g/L MgS04.7H20 and 1% (v/v) Tween
80. For studies on the effect of other carbon source,
glucose was replaced by the amount of date syrup
(52.48 g/L). Similarly, yeast extract was also replaced
by the (NH4)SO4 and NH4NOs, individually (Table
1). The initial pH of the medium was adjusted to pH 6
before autoclaving. Each flask was inoculated with the
yeast starter of 2x107 cells and incubated at 30°C for 7
days at 150 rpm, without illumination. All
experiments were carried out in triplicate.

Culture

Component

NH4 NO3 (NH4)2S04

Yeast extract

Date syrup Glucose

*

[y
©

*

*

OOk, wWN
*

*

*

* Presence in broth fermentation culture
2@ Basal medium

Analytical Methods

Total sugars and reducing sugars in date syrup were
measured by the Munson and Walker method (Perrier
et al., 1995).Total soluble solids were examined using
refractometer by Brix measurement. Soluble proteins
were measured by Biuret method (Cérdova-Muruetal
et al., 2013); moisture and ash content were
determined (AOAC, 2002). Final pH of each broth
culture media was measured.

10 ml sample was taken from each flask every day.
After cultivation, the cells were harvested by
centrifugation at 3500 rpm for 30 min, washed twice
with distilled water and centrifuged again. The dry mass
was gravimetrically determined by drying centrifuged
and washed cells at 45°C to a constant weight. To extract
carotenoids, cells were first harvested by centrifugation,
washed twice with distilled water. Cells were
resuspended in dimethyl sulfoxide (DMSO) and heated
for 5 min at 55°C to break the cells and intercellular
carotenoid extracted to DMSO phase. The suspension
was then centrifuged and the supernatant was collected.
Acetone was added and mixed with pellet and
centrifuged until it became colorless.Supernatants were
collected and the absorbance was measured at 455 and
470 nm for detection of carotene and total carotenoids,
respectively. Commercial pure B-carotene (from Merck
Company) was used as a standard.

Statistical Analysis

Data were subjected to the analyses of variance(
ANOVA) and multiple comparison tests at 95% of
confidence level. All the analyses were carried out
using the statistical software, SPSS13. Means were
separated using Duncan's multiple range tests.

RESULTS AND DISCUUSION

The date syrup obtained from the local shop
contained a high concentration of sugar. It consisted
of 68.80% total sugar, 68.08% reducing sugar,
1.63% ash, 76.80 totals solid, 24.75% moisture and
0.50% soluble protein. The effects of carbon and
nitrogen source on the kinetics of growth and
carotenoids synthesis of yeast R. glutinis in 7 days
were evaluated (Figs. 1 and 2).

In this research, the same weight of glucose and
date syrup was used. Significant differences were
observed when the average biomass and total
carotenoid productions were compared in different
cultures and at different times. Whereas sugar content
of date syrup was lower, it was observed that the total
carotenoids production was higher when culture media
contained date syrup. Figs. 1 and 2 reveal that
carotenoids were produced in association with yeast
growth.

As shown in Table 2, the culture medium 6
containing date syrup and yeast extract appeared to be
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the most suitable medium for carotenogenesis (higher
than basal medium) in which carotenoid content

Biomass (g/1)

1 2 3 4 5 6
Time (day)

Fig. 1. The growth kinetic of R. glutinis in various culture
compositions: (<>): Glucose and yeast extract; (OJ):
Glucose and (NH4)2SO4; (4): Glucose and
NHsNOs; (#): Date syrup and (NHs)2SOs; (H):
Date syrup and NH4NOs; (@): Date syrup and yeast
extract

reached 7.94 mg/L/day and average -carotenoid
production rate was 2.11 (mg/L/day).

Total Carotenoids
(mg/l)

Fig. 2. Carotenoids production kinetic by R. glutinis in
various cultures (<): Glucose and yeast extract;
(O): Glucose and (NH4)2SO4; (4): Glucose and
NHsNOs; (@): Date syrup and (NH4)2SOs; (H):
Date syrup and NHiNOs; (@): Date syrup and
yeast extract

Table 2. Production of total carotenoids by R. glutinis grown in different fermentation culture, after 7days

Culture type! Fingl Total carotenoid_s (gllgliog?fljre Carotene content (ug/g Average carotenoid
pH (mg/L culture fluid) fluid) dry cells) production rate (mg/L/ day)
1 5.60+1.06° 6.72+1.47f 8.03+0.97°2 836.86+53.77 ¢ 0.77+0.05f
2 1.82+0.74¢ 3.77£1.02¢ 5.10£1.06¢ 739.22+2.78¢ 0.92+0.12°¢
3 5.90+1.212 6.89+2.414 3.00+0.88f 2295.00+16.782 1.47+0.06°¢
4 4.05+1.33¢ 7.40£0.87°¢ 3.46+0.65°¢ 2136.94+11.31% 2.30+£0.822
5 4.05+0.92°¢ 7.59+0.48b¢ 5.53+0.23" 1372.5148.99¢ 1.21+0.244¢
6 5.75+0.38% 7.94+£1.342 3.90+0.56 4 2040.21+12.62° 2.11+0.53"

* Different superscripted letters indicate significant differences (P<0.05) among the observed values.

L Culture compositions have been reported in the text.

However, thebasal medium stimulated a maximum
biomass production of 8.03 g/L which contained
glucose and yeast extract (culture mediuml).
Enhancement of the B-carotene production would be
performed by the addition of other nutrients such as
yeast extract, glucose and urea. Ammonium sulphate
as a nitrogen source was added to the growth media 2
and 4 (in which carbon sources was glucose and date
syrup, respectively) that enhanced the carotenoid
production rate to 3.77 and 7.40 mg/L/ day in culture
2 and 4, respectively. Thus, with the same nitrogen
source, date syrup had a significant effect on
carotenoid production. Minimum final pHs, total
carotenoids, carotenoid content were obtained in
culture 2 that contained ammonium sulphate instead
of yeast extract and glucose as a carbon source.
Furthermore, the addition of ammonium nitrate to
culture 5 led to the enhancement of total carotenoid
production and the organism growth was compared
with ammonium sulphate when used as a nitrogen
source in culture 4. Although the minimum biomass (3
g/L) was obtained in culture 3, the highest value of
carotene content (2295 pg/g dry cells) was observed.

Carotenoid is a second metabolite of yeast produced at
the stationary phase. With a decrease in biomass,
carotenoid production was increased. Time course of
carotenoid production in culture 6 is shown in Table 3.
About half of total dry cell weight (maximum dry cell
weight production rate after 24 h) and about one third
of total carotenoids were produced within 48 h.

As seen in Fig. 3, the growth rate of yeast was
maximum in date syrup with NH4sNO3; medium (2.33
o/L/ day) and decreased when other nitrogen sources
were used in the media containing date syrup. On the
other hand, in glucose media, maximum biomass
production rate (1.28 g/L/day) was obtained in basal
medium after 7 days. Also, the effect of carbon and
nitrogen sources on carotenoid production rate was
shown in Fig. 4. In media containing date syrup with
(NH4)2SOs and glucose withNH4sNO3 the highest
carotenoid production rates were 13.94 and 4.88
mg/g/day after 7 days, respectively. Fig 3 indicated
that the nitrogen sources associated with glucose and
date syrup had significant effects on the growth and
carotenoid production rate but there was not a parallel
relationship between them.

10



Moosavi-Nasab et al. / Iran Agricultural Research (2015) 34(1) 8-13

Table 3. Fermentation parameters of carotenoid production by R. glutinis in the culture 6 containing date syrup

Parameter Days

1 2 3 2 5 6 7
Total carotenoids
mé‘gf::tfon (mg/Ly 06920018 2.69:086° 308:086° 343+104% 504:180° 583:096°  794+225°
Produced
Carotenoids (o) B69EL450 338818447 3870+7.26° 432410629 6348:7.33° 73424238°  100+157°
Eﬁéme;g;)rate 0.690.049 2.00£0.812 0.39+001°¢ 035:0.03° 1.61+013° 079+0.15¢  2.11+0.61%
dcslggﬁrvrvf%ﬁﬁ/agy) 575:11.899 222245.98¢ 1560+12.36° 1408$1.2 3220411850 3950+1.80° 3517+15.72°
Cell growth
E;‘j:l‘)”arbiomass 120£0927 2.10+0.07°¢ 2350449 2.60+0.48° 3.10:0.83° 3.30£0.12%  3.90+2.25%
mg‘ﬁﬁ%ryce" 30.77+3.55¢ 53851501 60.26+1.07¢ 66.67+1.429 79.49+2.08° 84.62+191°  100+1.57°
Dry cell weight 120£0.042 0.90:0.12b 025:0.01¢ 0.25:0.04° 050£0.10¢ 0.2040.03°  0.60+0.61°

production rate
(g/L/ day)

* Different superscripted letters indicate significant differences (P<0.05) among the observed values.

=N W
o o ©

©
o

Growth rate (g/l day)

Date syrup
Glucose

Carbohydrate source

Nitrogen\sou rce

Fig. 3. Effect of carbohydrate and nitrogen sources on the growth rate of R. glutinisafter 7 days in date syrup

The maximum total carotenoids (7.94 mg/L) and
average carotenoid production rate (2.11 mg/L/day)
were obtained from the culture containing date syrup
and yeast extract as carbon and nitrogen sources that
were higher than those at basal medium, respectively.
R. glutinis is carotenoid producing yeast and
synthesizes B-carotene as the major carotenoid (Perrier
et al., 1995). The results (Table 3) suggest that date
syrup had the potential to be employed as a sole
substrate for R. glutinis for B-carotene production.
Maximum carotenoids production, in line with some
previous reports, occurred after the exponential phase
(Buzzini and Martini, 1999; Buzzini, 2001). In
addition, the maximum cell dry weight obtained from
date syrup (8.03 g/L) was higher than the amount
obtained from using glucose syrup (7.5 g/L), soybean
flour extract (4.8 g/L) and maize flour extract (5.2
g/L) (Buzzini and Martini, 1999). Perhaps the
difference is due to the differences of the yeast strain
used, the nutrient compositions and chemical

concentrations in the date syrup, the cultivation
condition and the B-carotene extraction method.

The results revealed that the two factors, i.e.,
carbon and nitrogen sources, had a significant
influence on biomass and carotenoid production. The
inorganic nitrogen sources investigated produced only
poor growth. In contrast to ammonium sulphate and
ammonium chloride, ammonium nitrate resulted in
distinctly higher B-carotene content, (Bhosale and
Gadre, 2001). As seen in Table 2, the maximum total
carotenoid was obtained from the date syrup medium
containing yeast extract and the glucose medium
containing NH4NOs;. However, date syrup media
containing NH4NO3; and (NH.),SO. had the highest
yeast growth and carotenoid production rate,
respectively. During fermentation, the maximum
carotenoid production seemed to occur after the
exponential phase, in good agreement with some
previous reports (Frengova et al., 1994) but in
disagreement with some other findings (Shih and
Hang, 1996).

11



Moosavi-Nasab et al. / Iran Agricultural Research (2015) 34(1) 8-13

CONCLUSIONS

The results demonstrated that date syrup as a by-
product of low quality date can be used as a good and
economical substrate for the production of yeast
biomass and carotenoids by R. glutinis but its

REFERENCES

Aksu, Z., & Eren, A.T. (2007). Production of carotenoids by
the isolated yeast of Rhodotorula glutinis. Biochemical
Engineering, 35, 107-113.

Al-Farsi, M., Alasalvar, C., Morris, A., Baron, M., &
Shahidi, F. (2005a).Comparison of antioxidant activity,
anthocyanins, carotenoids, and phenolics of three native
fresh and sun-dried date (Phoenix dactylifera L.)
varieties grown in Oman. Journal of agricultural and
food chemistry American Chemical Society, 53, 7592-
7599.

Al-Farsi, M., Alasalvar, C., Morris, A., Baron, M., &
Shahidi F. (2005b). Compositional and sensory
characteristics of three native sun-dried date (Phoenix
dactylifera L.) varieties grown in Oman. Journal of
agricultural and food chemistry American Chemical
Society, 53, 7586-7591.

Al-Shahib, W., & Marshall, R.J. (2003). The fruit of the date
palm Phoenix dactylifera L. Possible use as the best
food of the future. Inter. Journal of Food Science, 54,
247-259.

AOAC, Official Methods of Analysis Association of
Official Analytical Chemistry (2002). 17th (ed).The
Association of Official Analytical Chemistry, In,
Washington, DC.

Bhosale, P., &Gadre, R.V. (2001).Production of B-Carotene
by a mutant of Rhodotorula glutinis. Applied
Microbiology and Biotechnology, 55, 423-427.

Biglari, F., AlKarkhi, A.F.M., & Easa, A.M. (2008).
Antioxidant activity and phenolic content of various date
palm (Phoenix dactylifera) fruits from Iran. Journal of
agricultural and food chemistry American Chemical
Society, 107, 1636-1641.

Buzzini, P. (2000). An optimization study of carotenoid
production by Rhodotorula glutinis DBVPG 3853 from
substrates containing concentrated rectified grape must
as the sole carbohydrate source. Journal of Industrial
Microbiology and Biotechnology, 24, 41-45.

production was affected by nitrogen source. The best
total carotenoids production rate could be obtained
from culture contained date syrup and yeast extract as
carbon and nitrogen sources, respectively.

Buzzini, P. (2001). Batch and fed-batch carotenoid
production by Rhodotorula glutinis
Debaryomycescastellii  co-cultures in corn syrup.

Journal of Applied Microbiology, 90, 843-847.

Buzzini, P., & Martini A. (1999). Production of carotenoids
by strains of Rhodotorula glutinis cultured in raw
materials of agro-industrial origin.  Bioresource
Technology, 71, 41-44.

Cérdova-Muruetal, J.H., Garcia-Carrefiol, F.L., de los
Angeles, M.,& del-Torol, N.(2013). pH-Solubilzation
Process as an Alternative to Enzymatic Hydrolysis
Applied to Shrimp Waste. Turkish Journal of Fisheries
and Aquatic Sciences, 13, 639-646.

Edge, R., McGravy, D.J., & Truscott, T.G. (1997). The
carotenoids as antioxidants-are view. Journal of
Photochemistry and Photobiology, 41, 189-200.

Frengova, G.I., Simova, E.D., Pavlova, K., Beshkova, D., &
Grigorova, D. (1994). Formation of carotenoids by
Rhodotorula glutinis in whey ultrafiltrate. Journal of
Advanced Biotechnology and Bioengineering, 44, 888-
894.

Hennekens, C.H. (1997). B-carotene supplementation and
cancer prevention. Nutrition, 13, 697-699.

Munson, L.S., & Walker, P.H. (1906).The unification of
reducing sugar methods. Journal of the American Oil
Chemists' Society, 28, 663.

Mehaia, M.A., & Cheryan, M. (1991). Fermentation date
extracts to ethanol and vinegar in batch and continuous
membrane reactors. Enzyme and Microbial Technology,
13, 257-261.

Perrier, V., Dubreucq, E., & Glazy, P. (1995).Fatty acid and
carotenoid composition of Rhodotorula strains. Archives
of Microbiology, 164, 173-179.

Peterson, W.J., Evans, W.R., Leecce, E., Bell, TA., &
Etchells, J.L. (1958). Quantitative determination of the
carotenoids in yeast of the genus Rhodotorula. Journal
of Bacteriology, 75, 586-591.

Shih, C.T., Hang, & Y.D. (1996).Production of carotenoids
by Rhodotorula rubra from sauerkraut brine. Le besm
Wiss und-Technology, 29, 570-572.

Simpson, K.L. Chichester, C.O., & Phaff, HJ. (1971).
Carotenoid pigments of yeast. In The yeasts, Vol. 2, AH.
Rose, J.S. Harrison (eds.), Academic Press, New York, pp.
493-515.

12



VW-A OOYE (OYAE) )0l 65 0las wlados

bwgi aigiig)ls wlgi Cuar |pimgw (lagne 41 loys ol 3 )8

—— Y

i A5 V9,5 909, iy 2

oY
N (Sgmgo Ol o < guale agdl s (Sgmige 4 o

Sl 1 il o oS 53,5LaS sl o lié mlio 5 pole ik
Q‘J"‘ ‘ -z 5)‘J.o...u ‘)‘).».w oliwb sd))ijS IRUSHEY ‘UL)"—‘ 6)9‘)5 Lf"’ajf' oj)f v

Joias odiungs *

o35 Skl 5 mSglS Vg 5909, Jawgi 03505 5 Ay g LS 0y 3l eoliid Sel —o0S
ojbas) igre gke g (o 0yt b S9) ()5 gk o ol (il gl (2 5, V' (Gb ple 8
Ao s aigip S 5 0395 Cemy oy 2 (ks M U (paisel Dl 5 paigel il ez
Loogs YR+ QL o0 Canys o Yo UG/E 595 (s5ime b (VATMO/L) S 395555 alss ool
5 Shatg S aie b Gl @ Lo ol sl gliages 1339, V ploy S 3 el Vg g0,
Sl yase olas 5 S5 ol Lame 15 A YOIL 005 s o copyias o5 ol yasie o las
395 o5 Lame ol 1o a5 AYFIAS /g (o5l BIVY MGIL) S sigiis,S (fsee o5 Il po ws
Ol 39395 g g 005 Cemj g S ol iliie CuaS ladane 3 g peed ilie slaple)
4 (Ol oS b slabo 5 Do 0yt 45 ol i il ol 5l ol s o sanlive (g folins
bug adefs)lS o Gl clie (25 e e @ Wlsoe b Ced b (il Jpae (e

5 8 o3l 8,50 utdslS Vg 593,

alio wleMb|

calléo azxsty U

WWVBITO il o f b
YWAYIVIA o pmdy b6

sy slo oy
5l Jsame
L3 o

29,50 A3gi g8
oS olS Y5909,

13



