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ABSTRACT
Camel milk and milk derived products have a growing potential in pharmacy, food and biotechnology industry. Its therapeutic value
has been investigated and documented in many studies before. The contamination of camel whey powder during manufacturing and
transportation may impact economy; re-pasteurisation could cause dramatic effect on antibodies and proteins of camel whey powder.
Radurisation (0.4 to 10 kGy) process could be a choice in sterilising camel whey powder. This study aimed to investigate the stability of
camel antibodies and proteins in whey powder before and after Gamma-irradiation. Efficacy of radiation dose on microbial content was
also studied. Four batches of hyper immune camel whey powder containing antibodies against Propionibacterium acnes were subjected to
six Gamma-radiation doses (1.5, 3, 4.5, 6, 7.5 and 9 kGy). Results revealed marked decline in the total microbial count (3-5 log cycles)
after escalating the doses of irradiation. Minor effect on antibody activity (7.4 % reduction) was observed after treating the whey by
9 kGy. Moreover, the concentration of total camel IgG was reduced by 13% using the same irradiation dose. In addition, no effect on
major whey proteins (Lactoferrin, Casein, and α-lactoalbumin) was revealed in protein identification using SDS-PAGE. In conclusion, using
9 kGy dose of Gamma-irradiation for sterilising camel whey powder is effectively reducing bacterial contamination with limited effects
on antibodies activity and protein stability.
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INTRODUCTION
Total milk production was estimated at 466 million metric
tons (mt) in 2013 (Lagrange et al., 2015); it is a major
segment of protein industry all over the world. Whey
derived from ruminant milk like cattle, sheep, goats and
camels has been used in food industry as a source of
proteins. Whey has been shown to be superior to other
protein sources in stimulating and improving muscle
protein synthesis (MPS) under both rested and post-exercise
conditions (Litwin et al., 2015). Moreover, bovine whey has
been used in infant and follow-on baby formula to mimic
breast milk and to provide all the nutritional requirements
for the growing babies (Lagrange et al., 2015). Previous
studies have reported benefits of using whey proteins for

muscle mass gain, particularly, in sarcopenia (i.e., decline
of skeletal muscle with age) (Verlaan et al., 2014).
In biotechnology, the claim is not only for the protein
content of the whey, but also for its therapeutic antiinflammatory proteins and immunoglobulins. For
example milk lactoferrin has shown many protective
and therapeutic characteristics like; ability to relieve
cold symptoms in participants with the common cold,
reduction of proliferation of cancer cells and protection
against hepatitis virus (EsmailM et al., 2008; Habib
et al., 2013; Vitetta et al., 2013). Immunoglobulin, a major
components of milk and whey, showed some therapeutic
and prophylactic characteristics against pathogenic and
poisonous substances (Nusair and Tay, 2009; Yagil, 2013).
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The rising global demand for industrial whey production
using the high cost technology of ultra-filtration and
microfiltration has declined the chances for associated
bacterial and fungal contamination. On the other
hand, contamination during subsequent processing, or
transportation is likely to occur and may cause huge
economic losses. Therefore, the need for the afterprocessing sterilisation is crucial to keep the microbial
numbers within the defined limits of global guidelines and
regulations. Gamma-irradiation, as a low-cost method for
sterilisation, has been used before to sterilise whey powder
(Ababneh et al., 2010; Kaddouri et al., 2008; Osaili et al.,
2008). The essence of gamma-irradiation sterilisation is
to damage the microbial DNA. Radurisation is a process
used to improve the shelf-life and quality characteristics of
a product by employing doses of 0.4 kGy to 10 kGy. The
process of food irradiation by Gamma has been required
by many countries’ legislations and has been used in many
food products available in global markets (Griffiths, 2010).
Camel dairy products have a growing market, as well
as satisfying competencies among other ruminant dairy
products (Table 1) (Ipsen, 2017). All camelids antibodies
demonstrate unique characters other than conventional
antibodies; the Heavy Chain Antibodies (HCAbs) lack
the light chains and the first heavy constant domains.
Nanobodies derived from camel’s heavy chain variable
region (VHH) showed good solubility and stability
characteristics and remained functionally active, even after
being exposed to harsh conditions, such as heat and pH
variations (Muyldermans et al., 2009). These antibodies
pass to camel milk during lactation period. In general,
camel milk has high levels of unsaturated fatty acids, has
anti-cancer, hypo-allergic and anti-diabetic properties
(Badr, 2013). The hypo-allergic effect of camel milk has
been linked to the low quantity of β-casein and the lack
of β-lactoglobulin protein. Other components such as
lactoferrin, immunoglobulin, lysozyme, and vitamin C were
reported to contribute to these properties (Konuspayeva
et al., 2007; Mati et al., 2017).
In this context, this study aims to evaluate the effect of
gamma-irradiation on antibodies activity, protein stability,
Table 1: Multiple commercial products based on camel milk
and whey and their origin

and microbial contamination in camel whey powder. The
study also demonstrates potential implications in associated
dairy industries.

MATERIALS AND METHODS
Experimental design

A total amount of 12 Litres of camel milk enriched with
antibodies against Propionibacterium acnes (NCTC 737)
were separately collected from four different immunised
female camels, lipids were removed by centrifugation
at 15,600 xg/0◦C for one hour (Hermile, Germany). The
skimmed milk was then warmed to 37◦C, and 100 mg/L
of Rennet (valiren, USA) was added for de-caseination.
The formed whey was lyophilized (zirbus freeze dryer,
Germany); the resultant powder was then designated as
Batch 1, Batch 2, Batch 3 and Batch 4. The batches were
stored separately in sterile plastic bottles. Batches 1-3 were
used for the microbial analysis before and after multiple
irradiation doses (0, 1.5, 3, 4.5, 6, 7.5 and 9 kGy).
Batch 4, which was collected from camel with high
titre of antibodies against P. acnes (Ahmad et al.,
2016; Al-Qaoud et al., 2014), was used for detecting
antibodies activity and protein stability after one dose
of 9 kGy. Batch 1-3 were divided into seven treatments
(3 bottles per treatment; 16.5 g per bottle) as follows:
Control 1 (exposed to 0 kGy); Group 1 (exposed to
1.5 kGy); Group 2 (exposed to 3.0 kGy); Group 3
(exposed to 4.5 kGy); Group 4 (exposed to 6.0 kGy);
Group 5 (exposed to 7.5 kGy); and Group 6 (exposed
to 9.0 kGy). Batch No.4, which was used for the activity
study, was divided into two samples as follows: Group A
(exposed to 0 kGy); and Group B (exposed to 9.0 kGy).
Gamma irradiation

The irradiation process was carried out at the irradiation
facility located in the Jordan Atomic Energy Agency
(JAEA) (Amman, Jordan) following the protocol described
in (Azzeh and Amr, 2009). Samples of batches 1-3 were
irradiated at 1.5; 3.0; 4.5; 6.0; 7.5; and 9.0 kGy in the gamma
cell (gamma facility PX-g-30 irradiator model, Russia)
at room temperature, in the presence of air. Irradiation
treatment was performed at a dose rate of 45 Gy/min;
using a 60-Cobalt source. Group B of Batch 4 was
irradiated at 9.0 kGy. After irradiation all samples were
stored at -20 ºC for further analysis.
Bacteriological analysis

Recovery of potential contamination microorganisms
was performed by the standard plate count method. In
brief, 1:10 dilution of each treatment was prepared in a
total volume of 10 ml of sterile D.H2O. Then 0.1 ml was
spread on the surface of Tryptone Soy Agar (Oxoid, UK)
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plates which were subsequently incubated at 37oC for 48
hours. Samples were inoculated in duplicates and the mean
of the total count of each treatment was calculated. Three
log reduction in bacterial counts in each treatment was
considered significant.
Measurement of IgG antibody activity in camel whey
before and after irradiation

Camel polyclonal antibodies against P. acnes (NCTC 737) were
measured using indirect Enzyme Linked Immunosorbent
Assay (ELISA) as described previously (Ahmad et al., 2016).
Briefly, 5.0 µg of bacteria OMPs were suspended in 1.0 ml
carbonate/bicarbonate solution (pH 9.6). Subsequently,
0.1 ml of the suspension was added per well in a 96-well
flat-bottom ELISA plate (Greiner, Germany). The plate
was covered and incubated overnight at 4°C. On the next
day, wells were washed with 0.15 M PBS containing 0.05%
Tween-20. A blocking buffer was prepared by mixing 2.0%
bovine serum albumin (BSA) in 0.15 M PBS. A 0.2 ml aliquot
of this blocking buffer was added per well. The plate was
incubated overnight at 4°C. Later, the wells were washed twice
using 0.15 M PBS containing 0.05% Tween-20.
Whey samples 30 mg/ml of Batch 4 were prepared in a
sterile PBS. Antibodies in whey samples were measured
at a dilution of 1/50 in 1.0% BSA/PBS. Samples were
processed in duplicates. A 0.1 ml of the diluted whey
samples were added per well and incubated for 1 hour at
room temperature. After washing, 0.1 ml of the purified
mouse anti-camel IgGs HRP Abs; previously prepared
in-house (Ahmad et al., 2016; Khaled et al., 2014), at a
dilution of 1:500 in 1% BSA/PBS, was added to each well.
Then, the plate was incubated with shaking for one hour
at room temperature. After washing the plate with PBS-T,
1 mg/ml O-phenylenediamine (OPD, Acros organics,
USA) was prepared in citrate buffer at pH 4.5. A 0.1 ml
of OPD containing hydrogen peroxide was added to
each well, and the plate was incubated for 5 minutes at
room temperature. Finally, the plate was read at 450nm
using ELISA reader (Thermo Scientific, Finland). Activity
Percent was calculated using following formula:
ActivityPercent

O.Dsample
∗ 100%
O.D sample before irradiation

Measurement of total antibody IgG concentration
(stability and degradation) in camel whey before and
after irradiation

Camel total antibodies IgG concentration was measured
using Competitive Enzyme Linked Immunosorbent
Assay. Briefly, 5µg of camel IgG (Prepared in house)
were suspended in 1.0 ml carbonate/bicarbonate solution
(pH 9.6). Subsequently, 0.1 ml of the suspension was
added to each well of the 96-well flat-bottom ELISA plate
656

(Greiner, Germany). The plate was covered and incubated
overnight at 4°C. On the next day, wells were washed
with 0.15 M PBS containing 0.05% Tween-20. Blocking
buffer was prepared by mixing 2% bovine serum albumin
(BSA) in 0.15 M PBS. A 0.2 ml aliquot of the blocking
buffer was added to each well. The plate was incubated
overnight at 4°C. Wells were washed twice using 0.15 M
PBS containing 0.05% Tween-20. Standard camel IgG
with known concentration was serially diluted and added
to wells in duplicate. Whey samples were prepared in
30 mg/ml total protein. Antibodies in whey samples were
measured at a dilution of 1/50 in 1% BSA/PBS. Samples
were processed in duplicates. The plate was incubated
with 0.1 ml of diluted whey samples and 0.1 ml of
conjugated mouse anti-camel HRP (1:2000) in PBS/BSA
(Prepared in house). Samples were stored for 2 hours at
room temperatures. After Washing with PBS-T, 0.1 ml of
OPD substrate containing hydrogen peroxide was added
to each well, and the plate was incubated for 20 minutes
at room temperature. Finally, the plate was stopped by
adding 0.05 ml of 3M HCl. Then the plate was read at
492nm using ELISA reader (Thermo Scientific, Finland).
Final absorbance of samples was plotted against camel IgG
standard curve with known concentration.
Assessment of whey antibodies and proteins

SDS-PAGE was used to determine the profile and the purity
of antibodies and proteins of whey samples before and
after irradiation. The samples were prepared in 30mg/ml
in distilled water, then diluted 1:1 and loaded into a 12.5%
running gel with 4.0% polyacrylamide stacking gel using a
Bio-Rad Mini-PROTEAN 2 system (Bio-Rad Laboratories,
USA). All samples were compared to a positive sample
of anti-acne camel whey. The gel was stained with 0.2%
Coomassie Brilliant Blue R-250 solution. The stained gel
was then washed with a mixture of acetic acid: water (1:5)
to examine the resulted bands.

RESULTS AND DISCUSSION
Total bacterial count

Total bacterial count has markedly declined after gammairradiation treatment in all batches. The total bacterial
count of Batch 1 was successfully reduced 3 log cycles.
The decline was proportionally increased as the radiation
dose increased (Fig. 1). Batches 2 and 3 showed significant
decrease after multiple doses of irradiation. 5 log cycles
reduction was observed in Batch 2 and 3 at 9.0 kGy dose.
Gamma-irradiation caused a significant decrease in
microbial count on camel whey powder. This is due
to the effect of the Gamma ray on the DNA of
the microorganisms. It is plausible that the gammaEmir. J. Food Agric ● Vol 30 ● Issue 8 ● 2018
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Fig 2. Percent activity and stability of anti-P. acne antibodies (total
IgG) in camel whey (1:50) before and after treatment of 9 kGy dose
as per ELISA. Activity percent was calculated using following formula:
O.D sa m p le
=
A ctivity %
∗1 0 0 %
O.D sa m p le b e fo re irra d ia tio n

Fig 1. Colony total bacterial count (Log10) of camel whey powder
from three different batches (1, 2 and 3). Control sample received no
irradiation. Other testing samples treated by different irradiation doses.

irradiation of the Cobalt-60 induced DNA damage
through the generated energy of 1.17 and 1.33 MeV; that
could have produced a cascade of secondary electrons.
The resulted free electrons have catalysed the formation
of free radicals, which are reported to damage microbial
DNA. Variation in the bacterial count of the treated
batches may be explained by the variation of the initial
bacterial load of the batches before radiation. Further,
health status of the udder such as subclinical mastitis
could have contributed to the variation of the bacterial
load of the samples.
In agreement with our results, de Oliveira Silva et al (2015),
reported a significant decrease in the bacterial load by two
to three log cycles in milk samples exposed to irradiation
doses of 1, 2 and 3 kGy doses, compared to the nonirradiated control sample (de Oliveira Silva et al., 2015).
Antibodies activity

Ability of camel antibodies to neutralise and capture P. acne
antigens was determined using the anti-P. acne antibodies
assay. The results revealed minor effect on the camel
antibodies activity; 9% of the activity was reduced after
irradiation. Total IgG assay, using competitive ELISA,
indicated a 13 % degradation of the camel IgG after
treating with 9 kGy (Fig. 2).
The activity of antibodies is attributed to the activity of
the antibodies binding site, which is the VHH region and
the constant heavy chain part of dromedary antibodies. In
general, camel antibodies withstand harsh conditions, such
as high temperatures during pasteurisation (65°C/30 min)
and pH variations during purification processes (Chen
et al., 2016). The 9 % decrease of the activity could have
been due to protein denaturation caused by gamma ray; the
formation of free radicals; and the generation of the kinetic
energy on the paratops of the conventional isotype (IgG1)
of camel antibodies. These results are in harmony with the
results of the total camel IgG assay; it revealed a decrease
Emir. J. Food Agric ● Vol 30 ● Issue 8 ● 2018

Stability (total IgG) was calculated by plotting samples before and after
irradiation against camel IgG standard curve. Then the percent of loss
in total IgG was calculated using the following formula:
 T o ta l A m o u n t o f Ig G B e fo re Irra d ia tio n − 


 T o ta l A m o u n t o f Ig G A fte r Irra d ia tio n
 ∗1 0 0 %
 T o ta l A m o u n t o f Ig G B e fo re Irra d ia tio n 




Each bar corresponds to the mean value of duplicate measure and the
error bars represent the mean ± SEM.

of 13% in the total camel IgG. The decrease reflects the
degradation of camel IgG which is not essential to affect
the activity of camel antibodies. Camel antibodies are very
stable and could maintain activity even after degradation.
This was reported in the VHH region of camel antibodies,
also known as Nanobodies (Könning et al., 2017;
Muyldermans, 2013). Another explanation for the loss
of the antibodies activity could be explained by a study
conducted by Dumoulin et al. to investigate the stability
and activity of camel HCAb single domain antigen binders
implementing both chemical and thermal denaturation
conditions. The results of the study showed complete
recovery of the biological activities of the camel derived
HCAb after exposure to chemical induced denaturation
factors. However, thermal induced denaturation of the
HCAb caused minor effect on the biological activities of
the antibodies. The authors attributed the stability of the
functional activity of the HCAb to the unfolding/refolding
equilibrium that conserve the thermodynamic stability of
the binding site in the antibody (Dumoulin et al., 2002).
The decrease of antibodies activity and stability in our
study could be attributed to minor loss in the refolding
ability of the HCAb.
Sds-page

Major bands in the SDS-PAGE gel denote equal density of
whey proteins; lactoferrin, Albumin, α-lactoalbumin, IgG1
and heavy chain antibodies before and after irradiation at
all radiation doses (Fig. 3).
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Fig 3. SDS-PAGE profile of camel whey from all batches (1-4) before and after different doses of irradiation. (M) denotes for SDS protein marker,
(P) denotes for Positive anti-P. acne camel whey (30mg/ml), (0) denotes for whey before treatment, (6) denotes for whey after treatment of 6 kGy,
(7.5) denotes for whey after treatment of 7.5 kGy, (9) denotes for whey after treatment of 9 kGy.

CONCLUSION
Gamma-irradiation has insignificant effect on the activity
and the stability of camel whey powder proteins and
antibodies. Thus, gamma-irradiation could be used in
radurisation and decontamination of camel whey powder
during manufacturing and transportation. Further studies are
recommended to focus on the effect of gamma irradiation
on camel antibodies complement fixation ability and other
immunological properties. Studies also are recommended on
activity of antimicrobial proteins like lactoferrin in camel whey.
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