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Abstract - A variety of protein assays were applied to the analysis of 25 commercial samples of
Lebanese Kishk to detect the adulteration of goat's milk with cow's milk. Polyacrylamide gel elec-
trophoretic (PAGE) methods could detect the degree of adulteration - 25 %. Using sodium dodecyl
sulphate (SOS-PAGE), reverse phase high performance Iiquid chromatography (RP-HPLC) and
anion-exchange fast protein liquid chromatography (FPLC) failed to detect the degree of adulteration
in Kishk due to a very extensive proteolysis that made the distinction of the original caseins very dif-
ficult. Moreover, the immunoassay technique (Cortecs method) had Iimited application for powder
products and cou Id not be used effectively to calculate the degree of adulteration of goat's milk
Kishk with cow's milk. © InralElsevier, Paris.

Kishk / PAGE / SDS-PAGE / RP-HPLC / immunoassay

Résumé - Le Kishk - un mélange lait/céréales fermenté et séché. 2. Test de différentes tech-
niques d'analyse des protéines pour déterminer l'adultération du lait et la protéolyse. Différentes
méthodes de détermination des protéines ont été testées pour l'analyse de 25 échantillons de Kishk
libanais du commerce pour détecter l'adultération du lait de chèvre par du lait de vache. Les méthodes
par électrophorèse en gel de polyacrylamide (PAGE) permettent la détection d'un degré d'adultéra-
tion d'environ 25 %. L'utilisation de l'électrophorèses en présence de sodium dodecyl sulphate
(SOS-PAGE), de la chromatographie liquide haut performance en phase inverse (RP-HPLC) et de la
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chromatographie liquide des protéines par échange d'anion (anion-exchange FPLC) ne permettait pas
de déterminer le degré d'adultération dans le Kishk en raison d'une forte protéolyse qui rendait la dis-
tinction entre caséines très difficile. De plus, le test immunologique (méthode 'Cortecs') présentait
une application limitée sur les produits en poudre et ne pouvait pas être utilisé avec efficacité pour cal-
culer le degré d'adultération du lait de chèvre du Kishk par du lait de vache. © Inra/Elsevier, Paris.
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1. INTRODUCTION

Kishk is a dried mixture of low-fat
yoghurt and Burghol (parboiled cracked
wheat), and usually made from goat's milk.
Information on the compositional and nutri-
tional properties of Kishk have been
reviewed by Tamime and O'Connor [44],
and the product is a good source of protein
[45]. Limited labelling data are available on
the type of milk used in Kishk-making in
Lebanon [46], and this could be against the
interest of the consumer.

Analytical techniques such as polyacry-
lamide gel electrophoresis (PAGE) and the
ratios of certain fatty acids have been used
widely in the past for detecting the adulter-
ation of cow's milk in goat's and sheep's
milk and dairy products [26-29]. The PAGE
method tends to differentiate the milk from
different mammalian species based on the
mobility of asi-casein, and the adulteration
sensitivity may be limited. Determination
of the ratio offatty acids C l2:rlC10:0 was rec-
ommended as a means of detecting the pres-
ence of cow's milk in goat and sheep prod-
ucts, and this analytical technique is still
used [31, 33, 38].

Over the past decade new analytical tech-
niques have been developed in order to
detect the adulteration of goat's and sheep's
milk products with cow's milk. These tech-
niques include: (a) modified PAGE meth-
ods which are suitable for dairy products,
especially where the milk is heated to 90 "C
for 30 s [8, 14, 15]; (b) gel isoelectric focus-
ing which is sensitive in detecting the adul-

teration levels ~ 0.5 % of cow's Y2-and
Y3-caseins [1,25,34,35]; (c) reverse phase
high performance liquid chromatography
(RP-HPLC) separates and identifies cow's
whey proteins (P-Lg A and a-La) in human,
goat, sheep, buffalo and mare products [36,
47]; and (d) capillary zone electrophoresis
measures the migration time of ast-casein
fraction of milk of different species and is
capable of detecting cow' s milk (- 8 %) in
sheep's and goat's milk [17]. However, a
wide range of immunological analytical
techniques have been developed to detect
specifie cow's or goat's protein fractions in
goal' sand sheep' s milk or in sheep' s milk,
respectively. Adulteration can be detected
at low levels, and an example of such a tech-
nique is given in the European Union (EU)
reference methods [20]. The immunoassay
methods rely on using specifie mono- or
polyclonal specifie antibodies reactive to:
(a) cow's p-Lg [16, 21, 32,41]; (b) cow's
IgG [10, Il,37]; (c) cow's x-casein [12];
(d) as1-casein [43]; (e) goat's whey protein
[22,23]; (f) Y2-and Y3-caseins [2]; (g) goat
casein [24, 39, 40, 42]; and (h) cow's
p-casein [6,7]. The sensitivity of such meth-
ods is also ~ 0.5 %. Furthermore, compari-
son of different analytical techniques to
determine the sensitivity of the presence of
cow's milk in goat and sheep products have
been reported by Amigo et al. [3,4].

The objectives of this study were to
investigate in detail the origin of the milk
used, the nutritional properties and the
microbiological qualities of 25 Lebanese
Kishk samples obtained from different out-
lets. This paper details the application of
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various protein assays to samples of Kishk
carried out in laboratories in Scotland, Ire-
land and Greece in an attempt to identify
properly those products that have been made
with cow's milk, goat's milk or mixtures of
both.

2. MATERIALS AND METHODS

2.1. Kishk sampi es

Twenty-five samples of commercial Kishk
(-1 kg each) were obtained from different retail
outlets [46]. Each sample of Kishk (-100 g) was
dispensed into sterile screw-capped containers
and despatched by airmail to lreland and Greece
using a 2nd-day delivery.

2.2. Protein analytical methods

2.2.1. Urea-PAGE (method A)

Electrophoresis in polyacrylamide (12.5 %
separation, 4.2 % stacking) gel was performed
in a Prote an II xi (Bio-Rad Laboratories Ltd.,
Watford, Hertfordshire, UK) vertical slab cell
according to the method of Andrews [5], with
modifications. The gels were stained by the
method of Blakelsy and Boezi [13]. Four stan-
dards were injected (cow, goat and sheep Na-
caseinate and wheat tlour). The milk origin was
determined by comparing us- and ~-casein bands
in the con troIs and in the Kishk samples.

2.2.2. Discontinuous PAGE (method B)

A discontinuous PAGE method was used to
detect the adulteration of goat's milk with cow's
milk in the Kishk samples as described by Ani-
fantakis and Massouras [8] with a few modifi-
cations regarding the electrophoresis conditions
and sample preparation.

The electrophoretic apparatus (model Phar-
macia GE-2/4 LS), a cooling thermostat
(OESAGA Frigastat), and a power suppl Y(LKB
2197) were used. The gels were made using a
Pharmacia kit 18 cm x 14 cm x 0.7 mm slab.
Electrophoresis was carried out at 8 "C, initially
pre-running at 150 V for 1 h, followed by final
running under constant current (60 mA) for
approximately 2 h. The proteins were fixed with
15 % trichloroacetic acid (TCA) for 30 min, and
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stained with Coomassie blue according to the
method described by EU [20]. The stained gels
were stored in 10 % (v/v) acetic acid.

The milk protein concentration of each Kishk
sample prior to electrophoresis was adjusted to
approximately 5 mg-ml.:' sample buffer assum-
ing that the yoghurt to Burghol ratio was 4: 1
(w/w). Typically, 150-230 mg of Kishk was
diluted with 5 mL sample buffer and centrifuged
at 3 000 g for 5 min. Supernatant (10-15 ilL)
was used for electrophoresis. Milk protein stan-
dards at a concentration of 10 mg-ml, -1 were also
used. Standards consisted of isolated caseins
from: (a) cheese made from cow's milk; (b)
goat's milk; (c) cheese made with a mixture of
goat's and sheep's milks; and (d) a wheat sample
(Triticum aestivum var. Chinese spring).

2.2.3. SDS-PAGE

Acid precipitates from Kishk samples and
standard goat and cow caseins were reduced with
2-mercaptoethanol and boiled for 5 min in the
presence of excess sodium dodecyl sulphate
(SOS), and separated by Phastôytem" SOS-
PAGE on 20 % homogeneous gels as described
by the manufacturers (Pharmacia Biotech, Saint-
Albans, Hertfordshire, UK).

2.2.4. RP-HPLC

Skimmed cow's and goat's milk was diluted
in 4 V of a dissociating buffer consisting of
8 mol-Lr! urea/40 mrnol-L'" bis-tris-propane,
pH 7.0, containing 0.1 % (v/v) 2-mercaptoetha-
nol, and the samples were incubated with stir-
ring for a minimum of 1 h at room temperature.
The Kishk sampi es and ground Burghol were
stirred with the dissociating buffer at a concen-
tration of 20 mg-ml, -l, and ail samples were fil-
tered through 0.2 um filters.

The Kishk samples or Burghol (50 and
20 ul., respectively) were loaded onto an Apex
C 18 WP reverse phase column (25 cm x 4.6 mm
internaI diameter; Jones Chromatography Ltd.,
Hengoed, Mid Glamorgan, UK) and the cornpo-
nent proteins were separated using a 30-50 %
acetonitrile gradient in 0.1 % tritluroacetic acid
(TFA) at a tlow rate of 1.5 mlvrnirr ' and 46 "C,
detection being at 205 nm.

2.2.5. Anion-exchange FPLC

Aqueous suspensions of different types of
Kishk (20 g·L-I) were prepared, adjusted to pH
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insoluble in water and only soluble in acidic
solutions [18], they require specifie elec-
trophoretic conditions in arder to be sepa-
rated [30]. Thus, the electrophoretic methods
used pose no problem for analysis of the
milk proteins present in Kishk.

A.Y. Tamime et al.

7.0, and warmed to 40 "C. The samples were
kept at 40 "C for 20 min and then cooled to 20 "C,
and subsequently passed through Whatman No.
54 filter paper. The filtrates were adjusted to pH
4.6 to precipitate the caseins by the addition of
equal volumes of acetate buffer (0.1 moIL-!
sodium acetate, 0.42 mol-L -! acetic acid), and
centrifuged at 1 000 g for 10 min. The pellets
were washed once with water at pH 4.6, and the
supernatants discarded.

The pellets prepared from Kishk, and control
samples of Burghol, goat and cow caseins, were
dissolved in bis-tris-propane buffer (0.005 mol-L:'
bis-tris-propane, 8.0 mol-L:' urea; pH 7.0) and
adjusted to pH 7.0. The proteins were reduced
by adding 2-mercaptoethanol (about 1~L·IO mg-'
protein) and stirring for 1 h. Samples were fil-
tered (0.2 urn) and then analysed by anion-
exchange fast protein liquid chromatography
(FPLC) as described previously [19].

2.2.6. Cortecs diagnostics casein assay

Kishk (10 g) was added to 100 mL of saline
solution, and mixed thoroughly to ensure that
the powder was fully dissolved. After standing for
a few minutes to allow insoluble material to set-
tle out, the extract was diluted 1:40 (v/v) by
adding 50 ~L to 2 mL working as say diluent
solution and mixing weil. The casein enzyme
immunoassay was carried out as described pre-
viously [9], and the absorbance measured at
405--420 nm.

3. RESULTS AND DISCUSSION

3.1. Chemical composition
of Kishk samples

The average chemical composition of
25 samples of Kishk has been reported by
Tamime et al. [46], and the protein content
ranged between 14.7 and 21.4 g·lOO g-l on
dry matter basis (DMB).

3.2. Protein assay

Kishk is a dried fermented milkiBurghol
mixture that con tains milk proteins, mainly
caseins and wheat proteins (e.g. glutenin
and gliadins). Since the wheat proteins are of
high molecular weight, positively charged,

3.2.1. PAGE methods

Adulteration of goat's milk by cow's
milk could be detected using PAGE methods
A and B. These methods separate protein
on the basis of their net charge based on the
electrophoretic mobility of us,-casein in
cow's milk. The electrophoretic assays of
sorne of the controls and Kishk samples are
shown infigure lA and B (PAGE methods
A and B, respectively).

Kishk Samples

3456789

Il-casein

B Sl !l' _ ,. Kishk Sampi es

~ ~ ~ <3 1 4 5 8 9 11 13 151718 2021 23 25

Figure 1. Polyacrylamide gel electrophoresis
(PAGE; methods A and B) assay of sorne Kishk
samples. (For sample identification refer to
Tamime et al. [46].) A: urea-PAGE (method A);
B: discontinuous PAGE (method B). (After
Tamime et al. [45].)
Figure 1. Électrophorèse en gel de polyacryla-
mide (PAGE; méthodes A et B) de quelques
échantillons de Kishk (voir Tamime et al. [46]
pour l'identification des échantillons). A: PAGE-
urée (méthode A) ; B : PAGE discontinue
(méthode B). (D'après Tamime et al. [45].)
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The results obtained using PAGE method
A suggest that milk from more than one
species was used to prepare the yoghurt,
and only the predominant species could be
identified. Kishk samples 1~6, 8~ 10, 22
and 23 appear to have been made with pre-
dominantly goat's milk mixed with cow's
milk, while samples 7, Il ~ 14 and 17 are
made predominantly from cow's milk (only
sorne samples are shown in figure lA).
However, samples 15, 16, 18~21 and 25
appear to have been made with cow's milk
only, and only Kishk sample 24 was made
from sheep's milk [45]. .

PAGE method B (figure lB) could esti-
mate the adulteration of Kishk with cow's
casein at a level either -25 %. The results
indicate that: (a) Kishk samples 1~5, 9 and
17~ 19 appear to have been made from a
mixture of goat's (~75 %) and cow's milk
($; 25 %); (b) samples 6~8, 11, 12, 14,22
and 23 were made with added cow's milk at
a level of> 25 %; and (c) only Kishk sam-
pies JO and 24 were made solely from goat's
milk, and sample 25 appears to contain no
milk proteins at ail [45].

It is ev ident from the data shown infig-
ure lB that not ail the Kishk sampi es contain

Figure 2. Sodium dode-
cyl sulphate-polyacry-
lamide gel electrophore-
sis (SDS-PAGE) assay
of sorne Kishk sampI es.
(For sample identifica-
tion refer to Tamime et
al. [46].) Slots 1,7,8,
15,22 and 20 are Kishk
samples; G: goat's milk;
C: cow's milk.
Figure 2. Électropho-
rèse en gel de polyacry-
lamide-sodium dodecyl
sulphate (SDS-PAGE)
de quelques échantillons
de Kishk (voir Tamime
et al. [46] pour l'identi-
fication des échan-
tillons). Les puits 1, 7,
8, 15, 22 et 20 sont du
Kishk. G : lait de chèvre;
C : lait de vache.
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the same amounts of yoghurt and Burghol
(i.e. ratio of 4: 1), especially samples 4, 5,
15~ 18 and 25 gave poor resolution of the
~- and as-caseins. Quantitative determina-
tion of cow's milk adulteration in these
Kishk samples was possible when the theo-
retical milk protein concentration used for
the preparation of the Kishk samples was
increased from 5 to JO mg-ml." and 15 ul,
was analysed for electrophoresis.

The results obtained by PAGE revealed
disagreements with the milk type claimed
by the manufacturers [46]. In particular,
Kishk samples 13 and 21, which were
claimed to be made entirely from goat's
milk, were found to be made exclusively
from cow's milk. In addition, sample 15,
which was supposedly made from sheep's
milk, was found to contain only cow' s milk.

3.2.2. SnS-PAGE

This technique separates proteins on the
basis of their molecular weight. Good sep-
aration of K-, ~- and as-casein components
in goat's and cow's milk was achieved using
SDS-PAGE (figure 2). However, ail the
Kishk samples exhibited extensive proteol-

lC-casein
p-casein
<X.s-casein

1 7 8 15
Kishk Samples

22 G C 20
Milk
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Figure 3. Elution profiles of reverse phase high
performance liquid chromatography (A) and
anion-exchange fast protein liquid chrornatog-
raphy (B) of sorne Kishk samples. (For sample
identification refer to Tamime et al. [46].) Sam-
pies 1, 7 and 15 are Kishk samples.
Figure 3. Profil d'é1ution en chromatographie
liquide haute performance en phase inverse (A)
et chromatographie liquide des protéines par
échange d'anion (B) de quelques échantillons de
Kishk (voir Tamime et al. [46] pour l'identifi-
cation des échantillons). Les échantillons 1, 7 et
15 sont du Kishk.

ysis, and it was difficult to differentiate the
bands due to the original caseins. Thus,
SDS-PAGE was not suitable for detecting
adulteration of goat's with cow's milk in
Kishk-making, but is useful as a means of
determining the extent of proteolysis.

3.2.3. RP-HPLC

Although good separations of the vari-
ous proteins in cow's and goat's milk were
achieved by RP-HPLC, ail the Kishk sam-

pies showed evidence of very extensive pro-
teolysis with little or none of the original
caseins being detected. An illustration of
the results using selective samples is shown
infigure 3A. RP-HPLC was, therefore, not
a suitable method for distinguishing between
Kishk samples made solely from goal' s milk
and those adulterated with cow's milk. The
high degree of proteolysis would also make
such a distinction very difficult by any other
chromatographie method.

3.2.4. Anion-exchange FPLC

Adjusting the pH of the Kishk filtrates
at pH 4.6 resulted in precipitation in 16 sam-
pIes, but not in the remaining nine. The elu-
tion profiles obtained by anion-exchange
FPLC of the precipitates showed that there
were only small amounts of protein corre-
sponding to the major components in goat
and cow casein controls, and an illustration
is shown in figure 3B. There was also an
increase in the amount of less tightly bound
proteins in ail the Kishk samples. The results
indicate, therefore, that there was extensive
proteolysis, and possibly dephosphoryla-
tion, of the caseins in the Kishk. This exten-
sive modification of the caseins, particu-
larly of the cow's <Xs1-casein, which can
normally be detected in mixtures of cow's
and goat's milk by anion-exchange FPLC,
made detection of adulteration of Kishk with
cow's milk difficult.

3.2.5. Immunoassay method

Results of the immunoassay techniques
(Cortecs method) of 25 samples of Kishk
were reported by Tamime et al. [45] and
only samples 10, 22 and 23 were made from
pure goat's milk; the rest of the samples
were adulterated with cow's milk. Com-
paring the results with those obtained with
PAGE methods A and B appeared to con-
firm that Kishk sample 10 was made solely
from goat's milk, and samples 22~25 may
also have contained only goal' s milk.
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Although the immunoassay methods can
detect adulteration of goat' s milk products at
very low concentration, the Cartecs test kit
could not effectively be used to calculate
the degree of adulteration. This may be
because: (a) this assay method may have
limited application far powder products such
as Kishk; (b) the presence of Burghol in the
product made it difficult to clarify the test
sample priar to analysis; and (c) the test kit
supply did not provide a formula to calculate
the degree of adulteration of the Kishk' s
milk expressed as percentage.

4. CONCLUSION

Urea-P AGE and discontinuous PAGE
gave relatively similar results and indicated
that the majority of the Lebanese Kishk sam-
pies were adulterated with cow's milk. This
was confirmed by immunoassay. SDS-
PAGE, RP-HPLC and anion-exchange
FPLC methods were not suitable for detect-
ing Kishk samples solely from goal' s or
cow's milk or a mixture ofboth. The extent
of proteolysis in ail the Kishk samples was
high and this suggests that antibodies reac-
tive to the specifie peptide fragments and/or
whey protein fractions would be an alter-
native method(s) suitable for distinguish-
ing Kishks made from milk from different
species of mammals.
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