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Abstract:
Cheese whey is a by-product of
dairy industries, produced in

large amounts and has a high pol-

luting load, therefore represent-
ing a significant environmental
problem all over the world. The
lactose in cheese whey can be
used as a substrate for bio-
ethanol production by microbial
fermentation. Its anaerobic diges-
tion offers an excellent approach
in terms of both energy conserva-
tion, pollution conirol, and repre-
sents the least expensive carbon
source for ethanol production.
The present study aimed to detect
the potent yeast strains that fer-
ment the lactose in cheese whey
which were isolated from whey
samples collected from different
geographic regions in Egypt.
Thirty nine yeast isolates were
isolated from which four strains
(Z-2, Z-5, Z-13 and Z-39) were
selected based on their fermenta-
tive activity, and lactose toler-
ance. Results of lactose tolerance
indicated that the selected strains
Z-2, Z-5 and Z-13 showed nor-
mal growth at concentrations of
2% and 10%, then showed lower
ability o grow at concentrations
up to 60%. On the other hand

strain Z-39 exhibted moderate
growth only at 2% while it
couldn't be observed at other
concentrations. The selected iso-
lates were identified at the mo-
lecular leve! as Pichia sp. (Z-2),
Kluyveromyces sp. (Z-5), Kluy-
veromyces sp. (Z-13) and non-
Saccharomyces strain (Z-39).
Thereafter, RAPD-PCR for the
four strains was performed using
five different primers, the results
of DNA fingerprints exhibited
distinct band profiles indicating a
clear differentiation of the four
strains. Selected strains were re-
grouped in two clusters; one of
them included Z-5 and Z-13, and
the second cluster contained Z-2
and Z-39.

Introduction:

Cheese whey is a by-product of
dairy industries which is pro-
duced as a waste stream from
dairy production facilities. This
by-product of cheese production
represents about 85-95% of the
milk volume and retains 55% of
milk nutrients, such as lactose,
soluble proteins and lipids (Be-
cerra, ef al., 2006).

The high volumes of cheese
whey that are produced from
dairy industries, in addition to its
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high organic matter control, it
can lead to a considerable envi-
ronmental problem. Ona the other
hand, the cheese whey has a high
biological oxygen  demand
(BOD) 40.000- 60.000 ppm
when dumped in sewers or dis-
posed of on the land (Ghaly and
Kamal, 2004).

The relatively high content of
lactose in cheese whey does in-
deed suggest the possibility of
bio-conversion of lactose ‘into
ethanol by yeast (Sansonetti, et
al, 2010). Saccharomyces cer-
evisiae, the yeast most utilized in
fermentations, lacks the lactose
permease system as well as the
intracellular enzyme for lactose
hydrolysis, B-galactosidase, thus
rendering it unable to ferment

lactose directly into ethanol
(Russel, 1986; Castillo, 1990,
Siso, 1996).

Kargi and Ozmihei, (2006) re-
ported that most of the Kluy-
veromyces species are capable of
fermenting lactose present in
cheese whey to ethanol. How-
ever, Zafar and Owais, (2006)
showed that it is very important
to choose a strain with suitable
physiological characteristics to
achieve a good utilization of lac-
tose from whey.
Consequently, dairy products
represent a specific environment
for the growth and selection of
different yeast species (Fleet,
1990, Viljoen, 2001; Lopandic,
et al., 2006).

The progress in molecular
biology during the last decades
opened the possibility to charac-

terize yeasts at the genomic level.
One such method is a variant of
the polymerase chain reaction
(PCR) technique based on ran-
dom amplified polymorphic
DNA (RAPD). RAPD technique
relies on the use of arbitrary
primers which are annealed to
genomic DNA using low tem-
perature conditions (Williams, et
al., 1990; Welsh and McCleland,
1991, Angela, er al, 2000;
Lather, et al, 2010). Priming at a
number of closely adjacent com-
plementary sites allows the sub-
sequent amplification of dis-
persed genomic sequences by taq
DNA polymerase enzyme
(Valério, et al, 2006). This tech-
nique detects genetic polymor-
phisms and does not depend on
prior knowledge of species-
specific sequences,

Couto, et al, {1994 and 1995)
indicated that in RAPD technique
the level of differentiation, either
inter-or  intraspecies  depend
highly on the primers used. The
RAPD assay, using selected 10-
mer oligonucleotides, allowed
the discrimination between all
species tested (Couto, et al,
1994).

The current investigation aimed
to isolate lactose fermenting
yeast strains from Egyptian dairy
products to produce bio-ethanol
and the recent molecular genetic
techniques (RAPD) were carried
out to differentiate the selected
yeast strains at the molecular
level.

Materials and Methods :
Sampling
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Samples of cheese and yogurt
whey were collected from dairy
producing centers in different
geographical regions in Egypt
and used were for the isolation of
naturally occurring yeast strains.
100 pul of each whey sample,
were spread over the surface of
plates containing YEPD medium
{0.5% yeast extract, 2% peptone,
2% dextrose, pH 4.5) supple-
mented with 0.1 gl chloram-
phenicol. The plates were incu-
bated at 28 — 30°C for 48 h. After
incubation, colonies with differ-
ent morphological characters
were selected, examined using
light microscope and purified by
streaking on the same medium.
The purified isolates were stored
on YEPD slants at 4°C (Nahvi
and Moeini, 2004),
Yeast Evaluation and Selection

Litmus milk and acid forma-
tion method was used as an indi-
cator for ethanol production due
to lactose fermentation by yeast.
Tubes containing Litmus milk
media were inoculated by a loop-
full of Yeast isolates. Tubes were
incubated at 28°C and observed
for colour changing from blue to
pink each 1h and the fast isolates
were selected.
Lactose tolerance

Lactose tolerance was exam-
ined on agar plates containing
yeast extract peptone supple-
mented with lactose (YEPL) at
different concentrations: 2, 10,
40 and 60%. A 100 pl from 10™
ditution of selected isolates were
spread on the agar plates. The
plates were incubated at 28 —

30°C for 96 h followed by count-
ing the number of viable colo-
nies, (Senses-Ergul, et al., 2007).
Isolation of genomic DNA for
PCR:

Cells used for DNA extrac-
tion were grown for approxi-
mately 24 h at 25°C in 50 ml
YEPD broth medium on a rotary
shaker at 200 rpm and harvested
by centrifugation. The cells were
washed once with distilled water,
re-suspended in 2 mi of distilled
water, and the suspension was
divided into two 1.5 ml micro-
centrifuge tubes. After centrifu-
gation, the supernatant was de-
canted, and the pillets were used
for DNA extraction which was
performed according to Harju et
al, (2004) and Hesham, ef al,
(2009) procedures
PCR amplification and gel run

RAPD profiles were gener-
ated using five decamer primers
(OPA-2, OPA-3, OPA-9, OPA-
11, OPA-15) (Martorell, et al,
2005) as shown in table (1). The
PCR was performed in a final
volume of 25 ul containing 11.0
pl dH;O, 3.0 pl 10X reaction
buffer, 3.0 pl ANTP's mix, 2.0 pl
Primer, 1.0 pl Taq polymerase,
4.0 pi MgCI2 and 1.0 pl Tem-
plate DNA,

The amplification reactions
were carried out in a thermocy-
cler under the following condi-
tions: initial denaturation at 94°C
for 5 min, followed by 45 cycles
of 92°C for 1 min, 36°C for 1
min, 72°C for 2 min, and a final
extension at 72°C for 10 min and
subsequently cooled 1o 4°C. Ten
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pl of the amplified mixture was
then analyzed wusing 1.5%
0.5xTBE agarose gei electropho-
resis (Martorell, et al., 2005).
The gel was stained with
ethidium bromide 0.01%, visual-

ized under UV light, and photo-
graphed. The molecular sizes of
DNA fragments were obtained
with comparison with a 100-bp
molecular marker.

Table (1) PCR primers used in the present study

Tageon | O o5 | s
Gg‘g’:ic OPA-02 TGCCGCGCTG 36
Cenomic OPA-03 AGTCAGCCAC 36
Omornic OPA-09 GGGTAACGCC 36
Genomic OPA-11 CAATCGCCGT 36
Cenortic OPA-15 TTCCGAACCC 36

RAPD analysis n01- when bands were visible in

Agarose gel photos were
scanned by the Gene Profiler
4.03 . A binary data matrix re-
cording the presence (1) or the
absence (0} of bands was made.
The software package MVSP
(Multi-Variate Statistical Pack-
age) was used and genetic simi-
larities were computed using the
Dice coefficient of similarity
(Nei and Li, 1979):

2*nll

Similarity =
{2*nl11)+n01+nlo

Where:

nll - designates the number of

common bands for the two com-

pared sampies,

nl0 - cases where the bands

were visible only o the first

sample,

the other sample only (Dice,
1945).
Cluster. analysis was carried out
on similarity estimates using the
unweighted pair-group method
with arithinetic average (1UP-
GMA) software. These methods
were carried out using MVSP
software  programs as in
(Youssef, 2004). The results
were then represented as a den-
drogram for allover primers. Data
analyses and dendrogram dia-
grams were also carried out.
Results and Discussion:
Isolation and screening of lac-
tose fermenting yeasts

Yeasts in the Egyptian dairy
products showed great pheno-
typic biodiversity. A total of 39
yeast isolates were obtained from
various dairy products collected
from different geographical re-
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gions in Egypt. All isolated yeast
strains were tested for colour
changes of litmus milk. Four iso-
lates were selected, three of them
were able to change color fast to
pink after 3h of incubation as an

indicator for acid formation,
which was referring to the po-
tence of the strains for lactose
fermentation, whereas the fourth
one couldn't do any change (Fig-
ure 1).

Figure (1). Hot Pink color shows acid production - indicating lactose

fermentation

Table (2) shows the characterization of the selected yeast strains, in-
cluding their origin and their molecular identification.

Table (2). Characterization of the selected veast strains

| Mo, | Source Location | Code | Genus
| 1 local Cheese Gerga | Z-2 | Pichia sp.
2 local Cheese Qena | Z-5 Khoveromyces sp.
3 local Yoghurt MNag. Hammadi | Z-13 | Khngveromyces sp.
4 Manufacture Yo- | Goy, Cairo Z-39 | Non-Saccharomyces
ghurt (Goy) i |

Several studies have shown the
wide biodiversity in yeast popu-
lation of dairy products world-
wide, (Pereira-Dias, ef al , 2000;
Alvarez-Martin, et al, 2007,
Capece and Romano, 2009). El-
Sharoud, et al, (2009), studied

and examined the diversity and
ecology of yeasts associated with
traditional Egyptian dairy prod-
ucts.

Although the veasts that as-
similate lactose aerobically are
widespread, those that ferment
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lactose are rather rare (Fukuhara,
2006), including e.g. Kluyvero-
myces lactis, K marxianus, and
Candida pseudotropicalis. (Gui-
mardes, ef al., 2010).
Lactose Tolerance

In order to study the effect
of lactose concentrations on
growth rate of the selected yeast
isolates, the YEP medium sup-
plemented with different concen-
trations of lactose 2, 10, 40 and
60% (v/v) were used and counted
according to (Senses-Ergul, er
al., 2007). As shown in Table (3)
Strains Z2-2, Z-5 and Z-13 re-
vealed good and moderate
growth on 2% and 10% respec-
tively, followed by a lower abil-
ity to grow at concentrations
above 40%. On the other hand
strain Z-39 showed moderate
growth only on 2% while did not
show any growth at other con-
centrations.
in order to reduce distillation
costs during bio-ethanol produc-
tion, it is desirable to obtain high
ethanol concentration during
fermentation, starting with high
sugar concentrations. This objec-
tive can be obtained if the yeast
has the ability to tolerate high
lactose concentration. Previously,
very few types of yeasts were
known to tolerate sugar concen-

trations of above 40% and nor-
mally at such concentrations,
yeasts grew very slowly (Benitez,
et al., 1983; Sumari, et af., 2010).
Many authors have reported in-
hibitory effects and associated
problems during the fermentation
of concentrated lactose/whey
media, particularly slow fermen-
tations and high residual sugar
when the initial lactose concen-
tration is increased above 100 to
150 g L™, or in some cases above
200 g L' (Gawel and Kosi-
kowski, 1978; Janssens, et al,
1983; Vienne and von Stockar,
1985; Kamini and Gunasekaran,
1987; Grubb and Mawson, 1993;
Dale, ef al., 1994; Silveira, et al..
2005; Zafar, et al, 2005; Ozmi-
hei and Kargi, 2007a, b, c}.
These problems have been com-
monly attributed to osmotic sen-
sitivity (due to the high lactose
concentrations) and low ethanol
tolerance {Janssens, er al., 1983,
Vienne and von Stockar, 1985;
Grubb and Mawson, 1993; Zafar,
et al., 2005, Guimaries, et al.,
2010).

Data presented in Table (3) show
the effect of the different concen~
trations of lactose on the growth
of the four selected yeast strains;
namely Z-2, Z-5, Z-13 and Z-39.
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Table {3). Ei’fétt of* d:fferknt 1agtosé cogagentratlohs on the growth of

selécted yeasts. s - e g o
Strains | Lactose Lactose ™ Lactose lectose
2% 10% 40%.... ‘60%
2 -+ ++ + +
7-5 P ++ + +
Z13 ]+ -+ F +
Z39 4+ R - -
++—+Nom1;ai growth H— Moderate growth
-+ Famt growth - No growth

Ozmihci and Kargi (2007b)
used pure culture of Kluyveromy-
ces marxianus (DSMZ 7239) to
ferment Cheese whey powder
(CWP) solution with different
CWP or sugar concentrations to
ethanol in a continuous fer-
menter.

RAPD analysis

RAPD - analysis was per-
formed to determine the variation
at the molecular level among the
four strains.

A total of five random ten-
mer primers (OPA-2, OPA-3,
OPA-9, OPA-11, and OPA-15)
were used in the current investi-
gation and the variations were
determined through the RAPD
profiles.

Each of these primers gener-
ated between 9 and 20 bands,
ranging from 149 to 1704 bp. All
the oligonucleotides tested gave

four different patterns, indicating
that they are suitable for strain
discrimination. According to Mi-
trakul, ef al, (1999) and Mar-
torell, et al, (2005), OPA-Z,
OPA-3 and OPA-9 were the best
primers to discriminate yeast
strains. On the other hand, Table
(4) illustrates also that the total
number of bands was of 85,
whereas the total number of po-
lymorphic bands was of 82 and
the polymorphism percentage
was 96%.

The results of RAPD -
analysis obtained by primers
QOPA-2, OPA-3 and QPA-9 are
illustrated in Figure (2) and by
primets OPA-11 and OPA-15 are
in Figure (3).

The description of each
primer generated bands are pre-
sented in the following:
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£33 Ih -1 -39 M

Figure (2): Agarose gel electrophoresis of RAPD products by OPA-2,
OPA-3 and OPA-9 primers.

Primer (OPA -2)

Data in Figure (2) illustrate
results of RAPD-analysis ob-
tained by this primer, which con-
tains 80% (G + C). The number
of amplified fragments generated
by this primer was 19, which
ranged in size between 149 and
1367 bp. Table (4) shows that the
polymorphic  percentage was
100%.

Primer (OPA-3)

Data in Figure (2} illustrate
results of RAPD-analysis ob-
tained by this primer. This primer
contains 60% (G + C), it reacted
with all isolates. The total num-

ber of amplified fragments which
was generated by this primer was
20. The size of these bands var-
ied among the isolates from 179
to 1334 bp. Table (4) shows that
the polymorphic percentage was
95%,

Primer (OPA-9)

The total number of bands
generated by this primer which
contains 70% (G + C) was 19
which ranged in size between
223 to 1704 bp as shown in Fig-
ure (2). Table (4) shows that the
polymorphic percentage was 89

.
.
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Figure (3} Agarsa gel electrophoresis of RAPD products by OPA-11
and OPA-15 primers.

Primer (OPA —11) RAPD analysis obtained from
RAPD — analysis using the OPA-15 primer had also 60 % (G
OPA-11 primer are illustrated in  + C), it reacted with all four iso-

Figure (3). This primer contains lates generating 9 fragments
60 % (G + C) and producedl® ranging in size between 227 and
fragments, which ranged in size 1243 bp. The number of gener-
between 258 to 1601 bp. Table ated bands varied among isolates
(4) shows that polymorphic per- from 13 to 19. Table (4) illus-
centage was 100 %, trates that the percentage of
Primer (OPA - 15) polymorphism was 100 %

Figure (3) shows the results of

Table (4) Polymorphism obtained by RAPD analysis among different

isclates .

: Total number | Number of polymorphic | Polymorphism

PAIMEL | o f bands {8) |  bands(b) -bfa * 100%
R0 (19 100
OPA-3 |20 i eaaiah 95
L e b o il | A0S -
|OPA-11 [18 fiis 106
(OPA-15 |9 Rl 100
fleim (85 T |82 SR . !

Genetic similarity matrix and phenotypically analyzed using
cluster analysis MVSP program of (Nie and Li,

Data of the pres- 1979), and pair-wise compari-
ence/absence of DNA fragments sons between the tested isolates
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of yeasts. were used to calculate
the genetic similarity. Then,

“based on the calculated genetic
similarity presented in Table (5),

an estimation of the relationship

. between different isolates was

‘concluded: Data showed also that

the lowest genetic similarity was
observed between isolate Z-2 and

+7-13,Z-5 and Z-39, 713 and Z-

39 (0%), while the highest value
was found between Z-5 and Z-13
{46.1538%) belonging to the
same genus.

Table (5): Genetic similarity values‘calculated from the DNA frag-
.. ments amplified from the different isolates of yeasts using five

. __+__ _RAPDprimers.”

Z2 Zs Z13 Z-39
22 ' 1.000000 .
zs5 0.153846 | 1.000000
Z13 0.000000 | 0.461538 | 1.000000
Z-39 0.363636 | 0.000000 | 0.000000 | 1.000000

The four isolates of yeasts were regrouped in two clusters based on the
genetic similarity given in Table (5), and dendrogram as in Figure (4).
The first group included the two isolates Z-13 and Z-2, while the sec-
ond group was represented by the other two isolates, Z-39 and Z-2.

LUPGMA

——— e 213
!
, ———— e i e 25
i Z-39
Lh_ﬂ.__,__.{
- Z-2
o2 o oz o4 Y o8 3

Nel & Li's CoefMcent

Figure (4): Dendrogram demonstrating the relationship among four

isolates of wild yeasts based on data recorded from poly-
morphism of RAPD markers.

Couto, ef al, {1994 and 1995)
indicated that in RAPD finger-
print, the ievel of differentiation,
either inter-or intraspecies, de-

pend highly on the primers used.

Moreever Sineo, er al, (1993)
indicated that RAPD/PCR analy-
sis can give important informa-

tion if analyzed for linkage stud-
ies, gene mapping or phyloge-
netic purposes.

The application of RAPD analy-
sis, by using genomic DNA from
yeast strains belonging to the
genera Saccharomyces, Zygosac-
charomyces and Kluyveromyces
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using 10-mer oligonucleotides,

proved to be a powerful tool for

yeast discrimination (Paffetti, et
al., 1995; Andrighetto, et al,

2000). Lathar, et al., (2010) re-

ported that the genetic diversity

of yeasts isolated from seventeen
different fruit can be studied by
using RAPD analysis.
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