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a b s t r a c t 

Donkey’s milk has been recognized as milk of high biolog- 

ical value and it also has the closest composition to human 

milk. However, the total protein content of donkey’s milk has 

not been adequately identified. The aim of this analysis is 

to investigate the proteomic content of that milk. Specific 

commercially available only milk was analyzed by “shotgun’’ 

proteomic methods to identify the proteins it contained in 

as much detail as possible. The application of the above ap- 

proach resulted in the identification of a total of 633 differ- 

ent proteins, which were grouped based on their molecular 

function and their biological process. Furthermore, the pro- 

teins visualized graphically according to the GeneOntology 

(GO) system. The identified proteins confirm the high nutri- 

tional value of the donkey milk, governing future steps in op- 

timizing its characteristic and uses. 
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pecifications Table 

Subject Omics: Proteomics 

Specific subject area Commercially available donkey milk 

Type of data Table, Figure 

How data was acquired 1D-nanoLC-MS/MS, bottom-up proteomics 

Dionex Ultimate 30 0 0 nanoHPLC system coupled to an LTQ Velos Orbitrap Elite 

mass spectrometer (Thermo Scientific, Rockford, IL, USA) 

PepMap ® RSLC, C18, 100 Å, 3-μm-bead-packed 15-cm column and 

2-μm-bead-packed 50-cm column (Thermo Scientific) 

Proteome Discoverer 1.4 software (Thermo Scientific), Sequest search engine 

searching the Mammalia (628 proteins) , Equus asinus (5 proteins) ∗ .fasta 

databases for milk of donkey. 

Data format Analyzed 

Parameters for data collection Commercially available pasteurized donkey milk samples from 3 different 

regions across Greece (Attika, Epirus, Macedonia) were collected and analyzed 

in order to characterize the complete protein content of the milk. 

Description of data collection 6 donkey milk samples from 3 regions across Greece (2 from each region) had 

been purchased from super-markets and bio-shops. 

Data source location Institution: Biomedical Research Foundation Academy of Athens 

City/Town/Region: Athens 

Country: Greece 

Data accessibility With the article 

alue of the Data 

• A new report on the donkey milk whey proteome. 

• The data can be used to manage future steps to optimize the characteristics of donkey milk

products. 

• The analysis of data may produce new dairy products. 

. Data Description 

Donkey milk has been recognized as milk of high biological value because of its many an-

ibacterial proteins [ 1 , 2 ]. In total 6 commercially available donkey milk samples were collected

nd analyzed in triplicate. Altogether 633 proteins were totally identified in the studied samples.

n Supp. Table 1. identified proteins are shown by their accession number and their description

ccording to 

Swiss-Prot/UniprotKB database, while all the relevant information for their identification are

ncluded. In Supp. Table 2 are presented the 5 proteins which were identified in Equus asinus

.fasta database. In Fig. 1 , identified proteins are classified based on their molecular function,

n Fig. 2 , they are classified based on their biological process and in Fig. 3 they classified ac-

ording to their subcellular localization. All figures’ data have been elaborated based on Swiss-

rot/UniprotKB database. 

. Experimental Design, Materials and Methods 

.1. Sample collection 

Representative 6 samples in total of commercially available donkey’s milk from 3 different

egions across Greece (2 samples per region) were collected in deep frozen state. After the sam-

les’ thaw, aliquots of 2ml from each milk sample were taken and stored at −20 °C until analy-

is. 
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Fig. 1. Classification of donkey milk protein groups according to their molecular function. The molecular function of many proteins has not been characterized yet. 
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Fig. 2. Classification of donkey milk protein groups according to their biological process. The biological process of many proteins has not been characterized yet. 
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.2. Sample preparation 

The samples’ working aliquots were thawed on ice and then regenerated at room temper-

ture. Next they were centrifuged at 40 0 0xg for 1 h at 4 °C, for final fragmentation in three

ayers (lipid-, whey- and casein- layer). The flowchart of the strategy followed including the

nd-process for protein identification approaches used is represented previously [3] . From each

ample the whey fraction was extracted and the protein content was determined the Bradford

ssay. 

.3. Peptide generation 

For the peptide generation, 200 μg proteins of whey fraction was treated with 100 μL sample

uffer solution (7 M urea, 2 M Thiourea, 4% CHAPS, 1% DTE), gently sonicated in a water bath for

0 minutes in room temperature. The sample is placed in an Amicon Ultra 0.5 Centrifugal Filter

evice (Merck, Darmstadt, Germany) and 50 μL of iodoacetamide solution (55 mM) is added to

he filter [4] . The solution remains at room temperature for 20 min in the dark, followed by

entrifugation for 10 min at 130 0 0xg at 4 °C. In the filter, 50 μL of Urea solution (8 M Urea, 0,1

 Tris HCl, pH 8,5) was added and the sample was centrifuged for 15 min at 130 0 0xg at 4 °C.

hen, 50 μL of 50 mM ammonium bicarbonate solution was added to the filter and the sam-

le is centrifuged at 130 0 0xg at 4 °C. Subsequently, trypsin solution 10% v/v (Roche Diagnostics,

asel, Swiss) in final concentration of 500 ng/μl is added to the sample, incubated at room tem-

erature overnight at a ratio 1 μg per 50 μg protein . After incubation the sample is centrifuged

t 130 0 0xg at 4 °C for 10 min and 40 μL of 50 mM of ammonium bicarbonate solution is added

nd the sample is recentrifuged for 15 min at 130 0 0xg at 4 °C. Finally, the filter discard, the

ubes are placed in the speedvac for 2 h and then the tubes with the pellets of the digested

ample stored at 4 °C for LC-MS/MS analysis. 

.4. 1-D nanoLC-MS/MS analysis 

A modified protocol was followed in order to enhance identification rate of extracted pep-

ides. LC-MS/MS analysis was performed exactly as described previously [ 5 , 6 ]. The pellets were

issolved in 100 μL of 0.1% formic acid in double-distilled water (phase A) for the LC-MS/MS

nalysis. The analysis of digested samples was made by using LTQ Orbitrap Elite coupled to

ionex 30 0 0 nanoHPLC System (Thermo Scientific, Rockford, IL, USA). 6 μL of sample (approx-

mately 5 μg of peptides) were loaded on a C-18 precolumn (100 m inner diameter x 2 cm;

00 Å, 3-m-bead-packed, Acclaim PepMap 100, Thermo Scientific). The procedure of the injec-

ion is automated. The mobile phase of the precolumn (A) was 0.1% formic acid in water. After 6

in of desalting the pre-column was removed online and the analytical C-18 column (75 m × 50

m; 100 ̊A, 2-m-bead-packed Acclaim PepMap RSLC, Thermo Scientific) took its place. The mobile

hase A was 0.1% formic acid in water and the mobile phase B was 99% acetonitrile in water.

he gradient elution curve was described as: 2.0% B (98.0% A) 10 min, 2.0-35.0% B (98.0-65.0%

) 325 min, 80.0% B (20.0% A) 10 min, 2.0% B (98.0% A) 10 minutes [5] . Samples were run at a

onstant 0,3μl/min flow rate. 

The data were collected in data-dependent tandem mass spectometry mode using the stan-

ard top-20 method. The Orbitrap Elite mass spectrometer is connected with a nano-spray

ource. The ionization voltage settled at 2.20 kV and the capillary temperature is set at 250 °C.

he instrument was operated in a positive ion mode and was measured at a resolving power of

0,0 0 0 with a maximum integration of 120 ms. The scans were performed in a higher energy

ollision dissociation (HCD) mode with a normalized collision energy of 36% and the full-scan

ata were acquired on the 250–1,250 m/z range. For HCD of parental ions, activation time of

.1 ms was used. Ions with m/z fraction over 2 were subjected to MS/MS analysis. Measure-

ents were performed using m/z 445.120025 as lock mass. The resulting MS/MS spectra were
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acquired with 15,0 0 0 resolving power and a maximum injection time of 120 ms. Dynamic ex-

clusion settings were set to repeat count 1, repeat duration 30 s, exclusion duration 120 s, and

exclusion mass width 0.6 m/z (low) and 1.6 m/z (high). Identification criteria were performed

using a precursor mass tolerance of 10 ppm and a 0.05 fragment mass tolerance. Trypsin was

selected as the cleavage enzyme with a maximum of 2 missed cleavage points. A false-discovery

rate threshold of 1% validated the peptide spectral matches (PSM). The minimum length of ac-

ceptable identified peptides was set as 6 amino acids. 

The ∗.raw data files were analyzed using the Proteome Discoverer software (Thermo Sci-

entific), using the Sequest search engine applying the Mammalia and the Equus asinus ∗.fasta

databases. Both of them include reviewed entries. The repeatability between the 3 repetitions of

the same sample is more than 85%, between the 6 samples analyzed the repeatability is 72%. 
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