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Abstract 

 

 

 

Mare milk composition is very well documented in the research literature and it mimics in general breast 

milk content. Moreover, mare milk is well tolerated in human diet and it is an increased interest for health 

quality nutrition in the world by using other milk-borne peptides than bovine ones. Mare milk and its 

fermentation beverages are interesting products which might bring diversity and develop new industries 

from dairy mares’ farms in the proximal future. 

Mare milk containing peptides and growth factors in the whey fraction after the enzymatic activation during 

digestion prove its complex role as both nutrient with a trophic effect for the intestinal epithelium and 

nutraceutical with multifactorial bioactive effects for the human health. As nutrients are critical for neonatal 

nutrition mare milk may be important as substitute to human or cow milk for the premature or allergic to 

cow’s milk neonates. As functional food, mare milk could be important particularly for the intestinal cellular 

turnover and not the least in the case of treatment and prevention of diseases which impair the intestinal 

mucosal continuity and permeability or as adjuvant for wellbeing support. Supplementary could be 

important in the case of immaturity of the intestinal barrier for enteral nutrition of premature neonates. 

In the present thesis studies whey of mare milk was shown to have mitogenic effect in vitro in intestinal 

epithelial cell lines of rodent and human origin. Furthermore, the whey was shown to have effect on 

migration of intestinal epithelial cells in a wound healing assay. Concentration of the growth factors insulin 

growth factor I (IGF-I), epidermal growth factor (EGF) and transforming growth factors β1 and β2 (TGF- β1 

and TGF-β2) analysed in this study was not very high and seemed not to be correlated with the horses age, 

lactation time or lactation number. The highest concentration of growth factors was IGF-I. All of these 

components from the whey fraction have specific pathways of action and are coupled with cellular receptors 

in vivo. They can have mitogenic effect and migration effect on the small intestine level. 

Mare milk is an interesting complex biological fluid with potential health beneficial effects in the intestine. 
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Abbreviations 

 

ALA – α linolenic acid 

ARA – arachidonic acid 

ACE – angiotensin converting enzyme inhibitor 

Acetyl CoA – acetyl coenzyme A 

BSA – bovine serum albumin 

CMA – cow milk allergy 

CD – Crohn’s disease 

CXCR4 – Fuxin, CD 184, chemokine receptor type 4,  

CD 184 – cluster of differentiation 184 

CXCL12 – gene encoding stromal cell-derived factor 1 precursor protein (chemoattractant active on T 

lymphocytes and monocytes) 

DHA – docosahexaenoic acid 

DPP-IV – dipeptidyl peptidase IV 

DBPCFC – double blind placebo-controlled food challenge  

ECM – extra cellular matrix 

EPA – eicosapentaenoic acid 

EFA – essential fatty acids 

EGF – epidermal growth factor 

ERK – extracellular-signal-regulated kinase  

FGF – fibroblast growth factor 

GLP – glucagon-like peptide 

G-I – gastro-intestinal 

HMO – human milk oligosaccharides 

IBD – inflammatory bowel disease 

IEC – intestinal epithelial cells 

IFN - interferon 

IGF – insulin-like growth factor 
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KGF – keratinocyte growth factor 

LA – linoleic acid 

LCFA – low chain fatty acids 

Lf – lactoferrin 

LY – lucifer yellow dye 

LAB – lactic acid bacteria 

LPS – lipopolysaccharide (endotoxins from Gram – bacteria membrane) 

LNFP – lacto-N-fucopentaose 

MUFA – monounsaturated fatty acids 

MFGM – milk fat globule molecules 

MAP-kinase – mitogen activated protein kinase  

MDP – (bacterial)muramyl dipeptide 

mRNA – RNA messenger 

NANA – N-acetyl neuraminic acid 

NEEA – non-essential amino-acids 

NfKB – nuclear factor kappa B 

OAA - oxaloacetate 

PMA – phorbol 12 myristate 3 acetate 

PUFA – polyunsaturated fatty acids 

PDGF – platelet derived growth factor 

PG – prostaglandin 

P-gP – P glycoprotein 

RER – rough endoplasmic reticulum 

SCFA – short chain fatty acids 

SFA – saturated fatty acids 

SER – smooth endoplasmic reticulum 

SAMP1/YitFc mouse strain – a model of Crohn’s disease 

Tx – thromboxane  

TEER – transepithelial electrical resistance 



6 
 

TLR – toll-like receptors 

TGF – transforming growth factor 

TFF – trefoil factors 

THP – human leukaemia monocytic cell line (used for study of macrophage or monocyte functions and 

nutrient or drug transport) 

TCA cycle – tricarboxylic acid cycle (Krebs cycle) 

UVB – ultra violet B rays 

UC – ulcerative colitis 

VEGF – vascular endothelial growth factor 

βCN – beta casein 
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1. Introduction  

 

1.1 Mare milk and colostrum 

 

Appreciated and well known in ethnomedicine, mare milk and fermented mare milk kumis, trace back to the 

pastoral nomad tradition in the central Asian steppe (Carrick, 1881). 

The countries with the greater dairy mares are Mongolia, Kazakhstan, Kyrgyzstan, Tajikistan, Uzbekistan, 

Tibet and Chinese region Xinjiang. Smaller dairy farms have Europe, Belarus and Ukraine and local dairy 

breeds are representative in Eurasia, France and Belgium (Pieszka et al., 2016) . 

However, during the early and late nineties (1912, respective 1959) in Russia respective Germany more 

kumis and mare milk therapy centres for human tuberculosis were opened. In France heavy breed horses 

were preserved and nutritionally designed for milk production. The interest in mare milk production for 

human nutrition increased in Western Europe. Italy introduced the concept of using mare milk as cow milk 

substitute for allergic children nutrition (Park et al., 2017). 

Human interest in mare milk consumption is very old. Professor of Archaeological Science from Exeter 

University UK found evidence of horse domestication earlier than Bronze Age about 5000 years ago in the 

shape of bones, teeth’s and pottery with mare milk traces (Outram et al., 2009).  

Taking in consideration all of these historical information about mare milk and bringing out the importance 

of milk in general in human nutrition, because it provides 8-9 % of the dietary energy supply in Europe and 

Oceania; 19% of the dietary protein supply in Europe and 11-14% of the dietary fat supply in Europe, 

Oceania and Americas one can easily recognise the usage of mare milk in human nutrition and health and 

the necessity of its study (Burgess, 2014a, Pieszka et al., 2016). 

It is expected to have an increased demand of milk of 25 percent by 2025 in developing countries (Center, 

2016). 

Mare milk is characterised by a whitish-translucent colour, more fresh and sweeter than cow’s milk with a 

coconut flavour. It has a lower viscosity than cow’s milk because of a lower casein content. Compared to 

cow’s milk, it has a lower cholesterol and fat content (mostly MUFA and PUFA) and because of that, a 30% 
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lower calorie level (45 kcal/ 100 g) than cow’s milk. As for the Ca: P ratio of 1.7, this recommend it in human 

consumption. The safe Ca to P ratio for an infant development is 1-2:1 and the average of Ca : P for breast 

milk has the same value as for mare’s milk (Loughrill et al., 2017, Malacarne et al., 2002a). 

Colostrum in horses is the source of passive immunity from mares to foals and besides IgG contains factors 

that improve the microbiota of the digestive tract of foals and prevents septic shock. 24 hours after foaling 

the permeability of the intestinal epithelial cells to macromolecules and IgG ceases and therefore colostrum 

administration needs to be done in 12 hours postpartum for the best absorption of the IgG. The factors from 

the colostrum can delay the intestinal “closure” but no one can prolong the time when colostrum can be 

supplied to foals, it has to be done within 12 h postpartum for a complete absorption of the IgG (Raidal et 

al., 2000). 

Immunoglobulins levels in colostrum and passive foal immunization can be controlled by pre-foaling 

vaccination (homologous transfer of passive immunity) (Burns, 2007, Hurley and Theil, 2011) along with 

mares hyperimmunization in treatment of human diseases or vaccines producing (Zheng et al., 2016, Santos 

et al., 2013). IgG, IgM and IgA concentration in mares’ mammary secretions increased before foaling with 

IgG the main immunoglobulin present in colostrum before and after foaling, dropping sharply one day after 

foaling (Koke et al., 2017). 

Mares placenta is epitheliochorial with no antibodies transfer to the developing foal so the passive transfer 

of or activation of immunity is done by colostrum in the first days postpartum and it can be completed by 

amniotic fluid and finally in time by the foal’s body itself. The physiology and development of the neonate is 

influenced by colostrum factors which can be hormones, cytokines, growth factors, enzymes (Mariella et al., 

2017). 

 Colostrum contains a cocktail of pro-inflammatory cytokines namely TNFα, IFNγ, IL-6 and IL-8 which can 

determine an immune response from the foal. T cells and specifically CD8+ and CD4+ lymphocytes from the 

colostrum are produced after in vitro stimulation with PMA/ionomycin IFNγ and colostrum T cells produced 

IFNγ and IL-17 pro-inflammatory cytokines (Perkins et al., 2014). 

Total dry matter (proteins) in the colostrum was superior in the first day compared to the second day 

postpartum (96.7 ± 19.5 g/L, 63.5 ± 23.6 g/L) with the same tendency for the somatic cell count (SCC) 89 x 
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103 in the first day and 72 x 103 in the second day. There was no correlation between these values and the 

one in the blood serum of the foals concluding that the time of getting the first suckling of colostrum and the 

quantity of it is very important. The milk and serum proteins content are becoming stable after 5 days 

postpartum with a minimum for survival of 8 g/L Ig in the foals’ blood serum. Normally this process of Ig 

transfer (pinocytosis) lowers after 20 hours at 1% because the neonate enterocytes of the intestinal barrier 

are getting matured quickly being ready for the life outside the womb (Giguere and Polkes, 2005) ,  (Bobos et 

al., 2013). 

 

1.2 Milk proteins  

 

Caseins and whey proteins are components of milk protein fraction. The high supply of essential amino acids 

from the whey protein fraction 40% in mare’s milk (circa 50% in human milk and less than 20% in cow’s milk) 

and low content of caseins (40 to 45% of the total protein content) makes it similar to human milk 

(albumineaux type) and indicates it in human nutrition. Components of the whey protein fraction like serum 

albumin, α lactalbumin, β lactoglobulin, lactoferrin, lysozyme, lactoperoxidase and G immunoglobulins are 

the bioactive components of mare’s milk and confer a high biological value to this type of milk in particular 

(Pieszka et al., 2016) (Malacarne et al., 2002a, Lönnerdal, 2003) (Potočnik et al., 2011), (Kusumaningtyas et 

al., 2018), (Detha et al., 2019b). 

Kyrgyz native breed mares have an amino-acid composition of milk with a high leucine, glutamic acid and 

lysine, with almost the same percentage of amino-acids from May to August (46 – 51%) with a peak in July 

(51%). Glutamic acid is 16.8 -21.2%, leucine 8.2 – 10.1%, lysine 8.9 – 10.1% and only 0.1 – 0.7% ornithine. 

The quality profile of this amino-acids depends on lactation and grazing on meadows (Mazhitova and 

Kulmyrzaev, 2016, Mazhitova et al., 2015). 

Amino-acids profile of kumis (fermented mare milk, called airag in Mongolia) from herders of Mongolian 

steppe it is different compared to the one of raw mare milk with less abundant amino-acids for the last. The 

highest concentration is coming from one of the province (Burgan) with 21 mg/100ml aspartic acid, 33.4 

mg/100ml threonine, 55.1 mg/100ml  serine, 13.2 mg/100ml glutamic acid,, 15 mg/100ml glycine, 72.6 
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mg/100ml  alanine, 3.1 mg/100ml  cysteine, 45.6 mg/100ml  valine, 25.4 mg/100ml  methionine, 96.7 

mg/100ml  leucine, 7.8 mg/100ml tyrosine, 43.3 mg/100ml  phenylalanine, 65.5 mg/100ml % lysine, 7.2 

mg/100ml  tryptophan, 45.3 mg/100ml % proline, 50.4 mg/100ml isoleucine. Leucine was 24.5 mg/100ml 

and proline 29.22 mg/100ml in other two Mongolian provinces area. 3 mg/100ml acid aspartic, 13 mg/100ml 

glutamine, 2 mg/100ml valine, 2 mg/100ml leucine, 2 mg/100ml lysine for six days of lactation (day 6 to day 

14) (Ishii et al., 2014). 

Branched chain amino-acids (leucine, isoleucine, valine) are essential amino-acids degraded in the skeletal 

muscles not in the liver which stimulates protein metabolism and muscle protein synthesis (transamination). 

Bioactivity of BCAA comprise fat mobilisation and degradation for muscle energy, stimulation of insulin 

secretion and modulation of insulin circulation, regulation of the protein metabolism with decreasing 

catabolism in the case of trauma and increased catabolism in obesity. BCAA balances leucine kinetics, 

leucine being an amino-acid not produced by the body which is brought by food important for protein 

synthesis, in wound healing, muscle and bone tissue repair and haemoglobin formation (Database) , (Park, 

2009) .  

Equine milk protein digestion 

In the stomach (pH 2.5) equine caseins are degraded with only 30% of them left intact (for cow casein 69% 

and for human casein 39% is left intact). As for the pancreatic enzymatic digestion in human duodenum (pH 

8), bovine and equine casein are almost integral digested with a better digestibility for equine milk 

compared to cow milk. Lysozymes after gastric and duodenal digestion is more than a half percentage 

undigested in equine milk. Bovine β lactalbumin is very resistant to gastrointestinal enzymes opposite to the 

equine one. This explains the bioavailability of mare milk proteins and the similarity to the human milk 

protein digestion (Inglingstad et al., 2010). 

Casein structure with a bigger size of casein micelles can form a softer precipitate in the human stomach 

than cow’s milk coagulum and it can explain the better digestibility of equine’s milk compared to cow’s milk 

(Malacarne et al., 2002a) (Uniacke-Lowe, 2011), (Uniacke-Lowe et al., 2010, Potočnik et al., 2011). 

Oligosaccharides like NANA (N-acetylneuraminic acid), galactose and N-acetyl galactosamine are 

glycosylated with k caseins making it resistant to chymosin digestion and this together with a high proline 
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content can confer antibacterial effect and additional prebiotic because mars milk oligosaccharides are 

digested only by bifidogenic or lactobacilli. This explains the bioactive role of most of the protein 

components from mares’ milk. (Zivkovic and Barile, 2011),(Uniacke-Lowe, 2011). 

 

 

1.3 Milk fat and oligosaccharides 

 

 

Phospholipids, triglycerides and cholesterol droplets are coated with a 3-layer molecular structure named 

milk fat globule membrane MFGM which contains an internal protein layer, a phospholipid membrane and 

an external layer of glycoproteins. On the surface of MFGM is a branched oligosaccharides layer to help 

binding lipases and milk fat digestion. MFGM is derived from the mammary secretory cells. There is a similar 

globular structure in human and equine fat milk globules. PUFA, MUFA, SFA and EFA (ALA and LA) content is 

similar in human and mares’ milk but PUFA are in greater amount in mare’s milk compared to cow’s milk 

because of the FA enzymatically saturation in the rumen in the case of cows (different type of digestion for 

ruminants and monogastric) (Park et al., 2017), (Pieszka et al., 2016). 

 Mare’s milk is rich in essential fatty acids linoleic acid and linolenic acid (α linoleic acid, an omega 3 fatty 

acid and γ linolenic, an omega 6 fatty acid) which cannot be produced by humans so they are required in the 

diet. Linoleic acid (LA) is a precursor of eicosanoids (prostaglandins, thromboxane, leukotrienes, 

prostacyclin), important in the inflammatory responses, pain, fever, blood clothing, blood pressure. (Calder, 

2013), (Di Cagno et al., 2004). 

Mare’s milk is richer in phospholipids compared with both human and cow’s milk. For example, 

phosphatidylserine (mare milk 16%, human milk 8%, a double content for mare’s milk), 

phosphatidylethanolamine (31% vs 20%) but less in phosphatidylcholine (19% vs 28%) and 

phosphatidylinositol (trace vs 5%) and with sphingomyelin proportion, the same for mares and human milk. 

Sterols - cholesterol proportion is almost the same for cow and mare milk and for mare milk higher than that 

for humans (Malacarne et al., 2002b). 
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In conclusion, the fat profile of mare milk it is quite similar to human milk ( like the protein content ) with 

richer number of phospholipids and the exclusive presence of omega fatty acids group which, of course adds 

more nutritional value to horse milk. 

Oligosaccharides, not a major nutritional carbohydrate from mares’ milk, have a slightly different role. Two 

of the oligosaccharides found in mares’ and human milk HM-3b and HM-5b inhibits bacterial growth and are 

Bifidobacterium prebiotics. 16 oligosaccharides from mares’ colostrum of different breeds have been 

screened and they have 63% structural homology with human milk bioactive oligosaccharides (Difilippo et 

al., 2015). 

As for HMOs (human milk oligosaccharides, low lacto-N- fucopentaose (LNFP) III was associated with cow 

milk allergy (CMA) at 18 months age infants 6 weeks and 12 weeks of age gastroenteritis and respiratory 

tract inflammation was reduced in the case of higher LNFP II concentration). Less frequent infectious 

diseases at 2 years old was in the case of fucosyloligosaccharides. HMOs are only 1% intestinal absorbed so 

they are found intact in the colon. Besides HMOs’ prebiotic role (competition for nutrient supply), they 

mimic mucosal intestinal receptors with antimicrobial, antiviral and antiprotozoal effect (Entamoeba 

histolytica – amoebic dysentery and amoebic liver abscess) (Doherty et al., 2018). 

Eighty percent of breast-fed infants from HIV positive mothers are still HIV negative. Not only the intestinal 

mucosa but also upper respiratory mucosa is protected at breast-fed child’s against otitis (Pseudomonas 

aeruginosa, Hemophilus influentzae, Streptococcus pneumoniae) or RSV (respiratory synovial viruses) due to 

sialylated HMOs (Sia), glycoproteins and glycolipids contents in the breast milk. There is a high demand of Sia 

in pre and postnatal  brain development for Sia gangliosides and poly Sia glycoproteins (Bode, 2012). 
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1.4 Milk lactose and kumis  

 

 

 

In 1253 William Rubruquis, a missionary monk wrote about trying for the first-time fermented mare milk 

during his travelling to Tartary region in Russia. He found it very savoury, with the taste of the almond milk 

and besides that induces relaxation and it is a good diuretic. In 1859 Dr. N. V. Postnikof started using kumis 

in a special institution for the treatment of dyspepsia, phthisis, chronic bronchitis, laryngitis, haemopthisis, 

and anaemia, tuberculosis and chronical pulmonary diseases, in a special sanatorium near Samara Russia. His 

success spread the rumours to entire Russia and surroundings. The increase in appetite with weight gaining 

and a stimulatory effect for the entire metabolism explain the fact that, the nutritive value of this product it 

is high enough to assure the replacement of the digestive waste eliminated (less faeces) along with 

neutralising the urine and a better digestion and absorption of food taken with kumis or after it. This 

explains physiological effect of kumis.  Hyperaemia by vasodilation and increased blood supply of the 

mucous layer of the respiratory and digestive track comes with a better sleep consecutive with the relief of 

the symptoms for all of these above mentioned respiratory chronical diseases. The clinical outcome with the 

improvement of the symptoms of the chronical diseases is explained by lactic acid, alcohol and carbonic 

dioxide combined action. In this way kumis has a beneficial effect in the therapy of pulmonary diseases 

(Carrick, 1881). 
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Table 1 - Lactic acid bacteria (LAB) content in kumis, after (Park, 2009) 

Type of kumis LAB (starter) 

predominant 

content 

% of lactose to LAB 

conversion 

Milk acidity (pH) 

“strong” Lactobacillus 

bulgaricus 

Lactobacillus 

rhamnosus 

80-90% 3.3 - 3.6 

“moderate” L.acidophillus 

L.plantarum 

L.casei 

L.fermentum 

50% 3.9 - 4.5 

“light” Streptococcus 

thermophilus 

Streptococcus 

cremoris 

< 50% 4.5 - 5 

  

The milk carbohydrate lactose, together with milk proteins, is secreted by reverse pinocytosis in Golgi 

apparatus of the cell of mammary gland and is higher in mare milk than in human and cow´s milk (mare 

milk is sweet) and it helps in colonisation of neonate intestines with microflora, which can digest it 

(Davies Morel, 2003), (Park, 2009). 

In the studies by (Doreau et al., 2009) it was showed that that feeding mares with mostly concentrate diet 

increased the lactose content in milk compared with milk from horses fed a forage diet. This explains the 

different chemistry of the horse milk based on its diet. 
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Besides the prophylactic purpose for malnutrition, stress or anaemia, after surgery to help recovery, kumis is 

indicated as treatment in some diseases of the pulmonary tract, inflammatory bowel diseases and allergy. 

Indication is one glass of milk per day increasing it gradually, until ½ litres daily. Local communities (Kazakhs, 

Mongolians) during summer drink up to 10-15 litres daily. (Hui, 2006). 

High nutritional value of mares’ milk based on essential amino-acids’ content for milk proteins (glutamic 

acid, glutamine, arginine, cysteine, valine, proline, threonine, glycine, alanine, lysine) confer fermented milk 

more amino-acids (2-10 times more) during kumis maturation. 

Lactobacilli and yeasts from fermented mares’ milk use milk lactose as energy source with lactic acid and 

alcohol as fermentation by-products (Carrick, 1881), (Nurtazin et al., 2016). 

Traditionally, fresh raw mare milk is mixed with pre-existent old kumis by fermentation carried by LAB-lactic 

acid bacteria (Lactobacillus casei, Lactobacillus lactis subsp. lactis, Lactobacillus delbrueckii subsp. bulgaricus) 

and yeasts (Saccharomices unisporus, Kluyveromyces fragilis) for about 8 h, to produce fermented mare 

milk, kumis. Pure cultures of LAB and yeasts is used for the industrial kumis production (Batt and Tortorello, 

2014). The process of fermentation brings flavour, taste and improves the digestibility of the product besides 

the fact that without the pathogenic bacteria which are inhibited for growing in the process, the shelf life is 

assured. At the industrial scale, production of kumis is controlled using starter culture of lactic acid bacteria 

(LAB) and yeasts. Lactose content being higher than cows’ milk (63,7g/kg), its fermentation gives rise to 

increased lactic acid (0, 7-1, 8 %) and alcohol (0, 6-2, 5 %) (Behera et al., 2017). 

Nomadic milking makes kumis a source of income for many traditional minority groups for example Xinjiang 

Kazakhstan (960.000 horses in 2005) with the best in quality and taste kumis during autumn when there is a 

perfect condition of temperature (20-25֯ C) for the fermentation process (Boca Raton, 2011).  

Kumis is already a functional food in China. Bacteriocins (organic acids, H2O2, cholic and deoxycholic acids, 

alcohol) resulted from LAB e.g. Lactobacillus fermentum SM-7 and yeasts (Saccharomyces cerevisiae, 

Candida sp.) fermentation processes showed to have antibiotic effect against Gram negative (E. coli) and 

positive (Staphylococcus aureus) bacteria and decreased cholesterol activity at a low ph. Cholesterol co-

precipitate and assimilate at a low pH cholic acid, L. fermentum SM-7 showing in this way to reduce 

cholesterol by 66.8%. Moreover, in hyper-lipidemic diet induced mice, total serum cholesterol, LDL 

cholesterol and atherogenic index decreased, serum HDL cholesterol did not increase and it was a good liver 

to body weight ratio compared to high fat induced diet mice (Dong Pan et al., 2011). 
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Lactobacillus plantarum J 23 from Chinese traditional yoghurt, was found out to be a bacteriocin strain with 

sensitivity to proteinases K and E and trypsin. Cu2+, Ca2+, K+, Zn2+, HCl inhibited its activity and Fe2+, alcohol 

and Mn2+enhanced its activity. The most important point, this strain has anti – Listeria monocytogenes 

(foodborne pathogen) activity (Zhang et al., 2018). 

Lactobacillus acidophilus -La-5, Bifidobacterium longum and strains of Lactobacillus plantarum from a 

traditional Egyptian yoghurt, showed anti-Staphylococcus aureus, anti- E. coli O 157-H7 and anti-Listeria 

monocytogenes activity, decreasing by four times these foodborne pathogens inoculated in yoghurt. The 

storage of yoghurt for 15 days at 4 ֯ C lowered only by 8% Bifidobacterium longum strains colonies and only 

by 6.5% colonies of Lactobacillus acidophilus (El-Kholy et al., 2014). 

 All of this shows the importance of LAB studies in kumis and other fermented milk products for human 

health. 

Kumis, being a probiotic product because of the LAB and yeasts components improve the intestinal 

microflora, has an antibiotic effect, can produce free fatty acids important in human metabolism  and CLA 

(conjugated linoleic acid) from linoleic acid with a role in reducing carcinogenesis, obesity and diabetes and 

stimulates vitamin group B synthesis important for the energy balance , nervous system, skin disorders 

kidneys and liver function (Park, 2009). Its bioactivity is beneficial for human health in general and the role of 

mare milk and kumis as functional food is treated in another chapter of the actual project. 

 

To sum up, mare’s milk chemistry, it is similar to human milk and quite different from cow’s milk. This can 

be a clue for future investigation with focus on mare milk and human health and the next point “Growth 

factors and bioactive components in mares’ milk” can further point out the importance of mare milk not 

only in human nutrition but in the prevention and treatment of diseases. 
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Table 2 - Milk composition for 100 g of milk with the inspiration from (Burgess, 2014b), can clearly show the 

similarity of mare milk composition compared to human milk composition 

 Cow milk Human milk Mare milk 

Total fat(g) 3.3 4.4 1.6 

Total protein(g) 3.3 1 2 

Lactose(g) 4.7 6.9 6.6 

Calcium(mg) 112 32 95 

Iron(mg) 0.1 traces 0.1 

Magnesium(mg) 11 3 7 

Potasium(mg) 145 51 51 

Sodium(mg) 42 17 16 

Cooper(mg) traces 0.1 0.1 

Niacin(mg) 0.13 0.18 0.07 

Riboflavin(B2) (mg) 0.2 0.04 0.02 

Thiamin(mg) 0.04 0.01 0.03 

Vitamin C(mg) 1 5 4.3 

 

 

 

 

1.5 Growth factors and bioactive components in mares’ milk 

 

 

Growth factors are signalling molecules between cells that can also be found circulating the intestinal 

tract when ingested in food and secreted by different cells like endothelial cells, fibroblasts, mesenchymal 

cells, smooth muscle cells, mast cells or blood cells like macrophages, neutrophils or platelets. They can 
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exist in food such as bioactive peptides in milk like EGF, TGFβ, IGF I and are involved in intestinal wound 

healing by stimulating different intestinal cells (chemotaxis and attract cytokines). The importance of 

growth factors includes intestinal growth (hence the name) and may influence IBD and gastro-intestinal 

anastomotic healing. Their receptors are located in the mucosal cells on the basolateral membrane and 

when the intestinal permeability is increased (pathological state or physiologically after passing the 

colostrum) the receptors can shift to the luminal (apical) membrane of the mucosal intestinal cells 

(Rijcken et al., 2014), (Macdonald et al., 2000). 

Under the pathological conditions, growth factors are used in applications for patients with inflammatory 

bowel diseases (IBD), after intestinal surgery or helping wound healing for those with unsuccessful 

surgery because of the immunosuppressive, inflammatory disorders or prolonged steroid therapy 

(anastomotic leakage) (Rijcken et al., 2014). 

Physiological anastomotic healing is a three phases process modulated by cytokines and growth factors 

where breaking down and building up the tissue in the wound site needs to be in balance. Exudative, 

proliferative and reparative phases have as purpose mucosal and submucosal wound healing where an 

elastic mechanical resistant mesh layer rebuild the intestinal barrier. The first phase (1-4 days)  is 

dominated by platelets, macrophages and the cocktail of inflammatory cytokines and growth factors (IL-

1,IFNγ, TNFα,PDGF,TGFβ) , the second stage (up to 2 weeks) it is still orchestrated by growth factors 

(VEGF,IGF I, bFGF, TGFβ)  and fibroblasts with angiogenesis plus granulation tissue formation and the last 

much slower phase (14-180 days but it can last for years) is conducted by growth factors like PDGF and 

FGF with remodelling of the collagen mesh, cross-linking of the fibres and their maturation (Rijcken et al., 

2014). 

In the case of the physiological conditions, mucosal layer integrity has to be a balance between 

production, migration and elimination (apoptosis) of intestinal mucosal cells (mucosal turnover) and milk 

growth factors has been proved to be ligands for the receptors on the mucosal intestinal cells with 

signalling apoptosis of the cells or crypts renewal. Milk and colostrum have both growth factors and 

bioactive peptides, which can enhance cell proliferation, mucosal mass function and maturation 

(Macdonald et al., 2000). 

One can’t separate systemic growth factors from the mammary growth factors or those who are found in 

human milk and mammals’ milk for example horse, but for sure it can be clear that different stages in 
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development of the body needs them and that’s why milk is useful in foal nutrition and human nutrition 

likewise in all the stages of development starting with neonates and ending with elderly people. 

The influence of both systemic growth factors and mammary growth factors (EGF, FGF, TGFβ) and its 

mitogenic bioactivity on the mammary gland and on the cell level have been tested in vitro, confirming 

their modulatory role for the mammary growth in the pubertal period bringing to reality the fact that 

growth factors act together with hormones like oestrogens and growth hormone (GH) for the growth and 

development of mammary gland. A 3D collagen gel in vitro model of mammary epithelial cells from 

prepubertal heifers (a young cow that never have had a calf before) was used to demonstrate the role of 

growth factors in mammary growth and researchers concluded that FGF2 and TGF-β1 have a stimulating 

effect at low concentration and inhibitory effect at higher concentration while FGF1, EGF and IGF growth 

factors families have a stimulatory effect on these cells (Purup et al., 2002). 

A general description of the growth factors present in mare milk and their activity in human health is 

presented below in Table 3. Review of (Rijcken et al., 2014) was used for inspiration together with the 

book chapter 7 (Park, 2009) and (Murray et al., 1992),(Marjanovic and Hopt, 2011) and (Said, 2018). 

 

Table 3- Growth factors in mare milk and their activity in humans 

Growth factor Origin Effect 

EGF epidermal 

growth factor 

Macrophages, platelets, 

fibroblasts, epithelial cells, 

neutrophils, salivary glands, 

Brunner’s glands of duodenum, 

Paneth cells in the crypts,  

in mare milk colostrum and first 

week milk, 

in human breast milk 

Via EFG(ErB-1) receptor 

dimerization and tyrosine 

kinase activity on the cell 

plasma membrane; 

Stimulatory mammary cell 

effect; 

Angiogenesis, cell migration 

and proliferation, ECM 

synthesis, intestinal wound 

healing  
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IGF insulin-like 

growth factor 

Hepatocytes, epithelial cells, 

neutrophils, fibroblasts, 

mesenchymal cells 

Angiogenesis, migration and 

proliferation, ECM synthesis, 

central nervous system 

protection (CNS), growth 

promotion and cell 

development 

TGF-β transforming 

growth factor beta 

White blood cells Inhibition of ECM degradation, 

ECM synthesis, migration, 

proliferation, intestinal 

mucosal restitution 

FGF fibroblast 

growth factor 

Endothelial cells, smooth muscle 

cells, mast cells, keratinocytes, 

fibroblasts 

ECM synthesis, migration, 

proliferation, angiogenesis, 

remodelling 

PDGF platelet 

derived growth 

factor 

Platelets, endothelial cells, 

fibroblasts, macrophages 

ECM synthesis, migration, 

proliferation, angiogenesis 

 

 

Bioactive compounds of milk contain a variety of substances like vitamins (A, D3, E, K2 ,C, B1, B2, B3, B6, B12, 

nicotinic, pantothenic, folic acids and vitamin C) lipids, lactose and oligosaccharides, growth factors and 

cytokines, minerals, enzymes and milk proteins – casein and whey proteins (α s-1 , α s-2 , β and k caseins and 

whey proteins -α lactoglobulin, lactoferrin and β lactoglobulin) which are called bioactive peptides , BPs. 

(Pieszka et al., 2016) (Lucarini, 2017)). BPs are inactive and encrypted in protein sequences and by enzymatic 

proteolysis (gastrointestinal digestion, in vitro hydrolysis or fermentation using starter cultures or enzymes 

from plants or microorganisms), BPs are released and activated and they have modulatory effects and act as 

regulatory compounds of some physiological processes like opioid, mineral – binding, immunomodulation, 

anti-hypertensive effects (Uniacke-Lowe et al., 2010). 

In Table 4 an overview about the bioactivity of milk is giving with focus on those components presents in 

mares’ milk. 
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Table 4 - Bioactivity of mare milk - inspired (Schanbacher et al., 1998) 

1. Gastro-intestinal development and function  

• Lower gastric and intestinal motility with slower 

emptying rate; 

• Greater absorption of amino-acids, minerals and 

electrolytes from the milk; 

• Hyperaemia and increased blood flow to the 

intestinal level (antihypertensive effect); 

• Intestinal cell proliferation (intestinal wall 

turnover) 

• Growth of intestinal track 

2. Antibacterial-antiviral activity 

• Bacteriostatic- iron binding competition with 

bacteria 

• Viral adherence 

• Bactericidal against Enterobacteriaceae – gut 

protection  

3. Probiotic activity 

• LAB and Bifidobacterial intestinal growth 

stimulation  

4. Immunomodulatory 

• Passive immunity and immunity development 

 

• CD4+ (T helper cell) development 

• NK cells activation 

• Humoral immune response activation, 

phagocytosis 

Casomorphins (β casein) 

Casomorphins (β casein) 

 

Casokinins (ACE I) (casein) 

Lactoferrin 

GF (IGF I, TGFα, EGF) 

Lactoferrin 

 

 

Lactoferrin 

 

Lactoferrin, K casein 

IgA, IgG, IL-1, IL-2, IL6, IFNγ, 

TGFα, TGFβ 

 

Lactoferrin 

Growth factors: IGF I, TGFα, 

TGFβ, EGF 
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Table 5 give a better understanding about the whey proteins fraction in the composition of milk from mares, 

humans and cows. For inspiration it was used a comprehensive review by (Potočnik et al., 2011) who cited 

reports from literature between 90s’ and 2000. 

Table 5 - Whey fraction composition of mare milk 

Whey proteins Mare Human Cow 

α lactoglobulin % mean 9.89 30.26 8.38 

Β lactoglobulin % mean 30.75 20.10 - 

Ig % mean 19.77 18.15 11.73 

Lysozyme % mean 6.59 - 1.66 

Serum albumin % mean 4.45 7.56 6.20 

Lactoferrin % mean 9.89 30.26 8.38 

 

To conclude, growth factors are a part of bioactive peptides from the mare milk, particularly present in 

the whey fraction and their physiological effect for human or horses’ body is evident after the enzymatic 

acid action and with receptor activation pathways which can be generally pinpointed in vitro using cell 

culturing models for the intestinal epithelium. 

 

 

 

 

• Inflammatory response activation to bacterial 

endotoxins) 

5. Infant development 

• Organs (e.g. liver) development 
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1.6 Mare milk as a functional food 

 

International Food Informational Council defines functional food as “Foods or dietary components that may 

provide a health benefit beyond basic nutrition and may play a role in reducing or minimizing the risk of 

certain diseases and other health conditions.” Functional food or nutraceuticals have besides the nutritional 

effect, a bioactive function being a growing industry of prevention and slowing the progress of diseases, 

improving the quality of life.  It comprises probiotics and prebiotics which help in food intolerance or 

sensitivity prevention, lowering the food allergies. Their effects can be gathered together as protection of 

the bones, low cholesterol (anti-obesity or obesity prevention) content, immunomodulation, antioxidative, 

antimicrobial and antihypertensive (Boye, 2015). 

The physiological effects of probiotics have direct influence of the lactacid bacteria and yeasts on the 

organism named probiotic effect and an indirect effect via their metabolites named biogenic effect. Sixty five 

percent of the world functional food market is represented by probiotics.  

Food labels are important for the consumers to make good healthy choices and for manufacturers to 

communicate their nutritional and health benefits. Either way they do it, nutrition content claims has to be 

made together with structure-function claims and health claims if the case. Health claims has to inform 

about the physiological role of the nutrient and its composition relevant to its role acceptable by the 

competent authorities of that country when and where the product is sold. It was shown that split claims 

with a health message on the front of the package and a more detailed one on the back for example, it has 

better an outcome. Regulatory agencies have to check and allow nutrient profiles scoring systems in order to 

choose nutrition and health claims with both negative and positive nutrients named on the pack and also 

nutrient density. Food legislation is variable in different countries but all have to align to the same standard 

rules to be followed by functional food/food to a common international code, namely Codex Alimentarius 

(Latin “food law”) for consumer protection regulated by Food and Agriculture Organisation - FAO of the 

United Nation and the World Health Organisation -WHO (Park, 2009). 
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In USA only more than 60 therapeutic peptides have been approved by FDA, 140 in clinical trials and 500 in 

pre-clinical animal testing or at in vitro studies level. Multifunctional peptides with a plus of functionality like 

wound healing for example, e.g. GLP-1 agonists group, have a great commercial impact and focus for the 

pharma industry (Fosgerau and Hoffmann, 2015). 

Functional food research connects nutrition and health as not only a consistent part of public health but also 

one important part of the pharmaceutical industry and mare’s milk has a large variety of components with 

bioactive function in a convenient proportion for the human health for preventing diseases (Mills et al., 

2011). 

Next there is an enumeration of each type of bioactive component groups which can be found in mare’s milk 

and their effect for human health. 

In a study by (Chen et al., 2010) it was found that in kumis one bioactive peptide, P1 (βCN(f217-241)) with 

ACE inhibitory (antihypertensive) activity comprising 27 amino-acids but in general in milk bioactive peptides 

can have an antibacterial-antiviral effect or cyto-modulatory, opioid or mineral binding, antioxidant or 

dipeptidyl peptidase 4 inhibitors (anti-diabetes type 2) (El-Salam and El-Shibiny, 2013, Sharifi-Rad et al., 

2015). 

Phospholipids (MFGM components in mare milk) regulates the inflammatory reaction in the human body. 

Sphingomyelin and sphingolipids are the components of the myelin sheath with the role in the myelination 

process and with importance for the neurobehavior for the premature babies. Sphingolipids metabolites 

ceramides and sphingosines (e.g. sphingosine 1 phosphate) are messengers for cell growth, proliferation, 

differentiation and apoptosis as well as lymphocyte circulation and angiogenesis as part of 

immunomodulation.  

Essential fatty acids (EFA) (linoleic and α linolenic acid) transform in the liver in LCPUFA (EPA, DHA, ARA) 

which are cell membrane components with an inhibiting role of pro-inflammatory cytokines production. 

LCFA by cyclooxygenase and lipoxygenase pathways become eicosanoids (PG), thromboxane (Tx), 

leukotrienes and lipoxins. Eicosanoids are mediators for diseases like thrombosis, cancer, atherosclerosis, 

asthma or rhinitis. ALA’s final metabolite DHA docosahexaenoic acid, is abundant in central nervous system 

in the composition of phosphoglycerates together with arachidonic acid (ARA). DHA has its peak in the last 
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trimester of foetal development and in the first half year after birth when the brain develops. EFA inhibits 

tuberculosis bacteria growth which is not the case for the cow milk fat where they can grow. Administration 

of ALA (α linolenic acid) in human diet improved skin roughness in atopic eczema when the conversion of LA 

to ALA is poor during atopic dermatitis. This illustrates once more the importance of fat components in mare 

milk for human health. 

β-lactoglobulin (β-Lg) (absent in humans) can bind hydrophobic molecules like retinol, steroids and long 

chain fatty acids; it can also bind cell surface receptors and it has enzymatic regulation role and also a role in 

the neonatal development of passive immunity. It can be carrier for resveratrol and folic acid. 

α-La, equine α-lactalbumin is a part of the enzymatic complex which regulates lactose synthesis in the breast 

gland and lactose absorption in the intestine. It has anti-inflammatory and antinociceptive functions and its 

proteolytic digest release 3 peptides with bactericidal properties against G + bacteria. 

Lysozyme hydrolytic enzyme breaks the bacterial wall by cleavage of the glycoside bond and it has an 

antiviral activity by inactivating the viral toxins. 

Lactoferrin is a glycoprotein that binds iron with bacteriostatic (binding iron and delaying the growth of 

bacteria), bactericidal (binding lipopolysaccharides A from the porins of the cell wall of Gram – bacteria) and 

viricidal effect. Anti-inflammatory, anti-tumoral and immunomodulatory effects by inhibiting pro-

inflammatory cytokines like TNF α, IL1β, IL6. Lf is upregulated in diseases like inflammatory bowel disease, 

neurodegenerative diseases, arthritis. 

The most important peptide from the digestion of Lf is lactoferricin with bactericidal, viricidal, anti-fungal 

and anti-protozoa activity and more specific anti-tumoral by apoptosis in THP1 human monocyte leukemic 

cells. 

Immunoglobulins the natural defence against infection, IgG in humans is transferred to foetus in utero 

through placenta and IgA is present in colostrum, as for mammals, they need colostrum to assure the natural 

defence system – IgA is present in equine milk and IgG in colostrum. IgA is a minor presence in colostrum. 

Free oligosaccharides (glycans found in mare milk bound to k casein) have a role in gut microbiome’s 

development in early life of mammals and infants ( (Karav et al., 2015). 
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(Contarini and Povolo, 2013); (Haeggström et al., 2010); (Colombo et al., 2016); (Orlandi et al., 

2003),(Orlandi et al., 2002, Olivry et al., 2001) (Vincenzetti et al., 2007),(Uniacke-Lowe et al., 2010); (Karav et 

al., 2018). 

To sum up all of this components and subcomponents of mare’s milk can regulate physiological processes in 

human body or can stop the pathological processes from spreading from it. 

However, for scientifically proving the use of mare’s milk as a functional food many more studies need to be 

performed both in vitro and in vivo.  

Mare milk EFA diet was administrated for 6-8 weeks in rats and researchers (Fotschki et al., 2016) concluded 

that mare milk increases non-specific resistance to antigens like sheep 5%  erythrocytes after 8 weeks of 

administration. Antimicrobial studies continued using raw milk and heated mare milk to check for the effect 

on Salmonella thyphimurium gene expression with positive antibacterial effect for the raw milk against 

Salmonella thyphimurium together with an anti-proliferative effect of the same raw milk against 

adenocarcinoma cancer colon cells, Caco2 cells (Corredig et al., 2015).  

This time Salmonella enteritidis (Detha et al., 2019a) was used to study the antibacterial effect of mare milk 

(specifically whey) explaining the importance of the whey fraction bioactive peptides (lactoferrin and 

lysozyme) for mare’s milk bactericidal effect against G negative bacteria. 

Oral administration of mare milk gave negative reaction to the allergy skin prick test in a double-blind 

placebo controlled orally challenge (DBPCFC) using Ig-E mediated milk cow allergy (CMA) subjects- 25 

children around 36 months old. 96% of the children had no allergic reaction to orally administrated mare 

milk, only one child having a positive reaction. In this way, mare milk can be used safely in infants and 

children’s nutrition, especially for those with CMA explaining mare milk immunomodulatory effect in general 

(C Curadi et al., 2001). 

Mare milk as a functional food is an interesting research subject of a great importance in human health. 

 

 



29 
 

 

1.7 Mammogenesis and lactogenesis 

 

 

 

To understand the content of bioactive components in mare milk and its production it is important to 

understand the background of development of mare’s mammary gland, how it starts producing milk and 

how this process results into lactation and further on how lactation can be regulated. 

Mares have 2 pair of glands one larger and one smaller, each pair being on both sides of the medial line that 

ends in a single teat, two quarters exit via one teat. The parenchyma is made of lactiferous ducts and 

alveolar tissue (one layer of lactating epithelial cells) with role in milk secretion which groups into lobules 

and lobes and two gland cisterns. The teat opening has a sphincter (rosette of Furstenberg) to prevent milk 

leakage between suckling. 

Myoepithelial cells (milk ejection, “myoepithelial basket”) and nerve supply surround the alveolar tissue 

together with a capillary and lymphoid system which supply with milk precursors and give the hormonal 

control. The blood supply of the mare udder (two external pudendal arteries) contain precursors of the milk 

components which diffuse through the basal membrane into the lactating epithelial cells from the alveoli. 

Chemical reactions generate fat, protein and lactose components of the milk and the liquid is secreted from 

the alveoli to the lumen and further away to be delivered. Fat, lactose and non-essential amino acids of the 

milk are synthesized inside the epithelial cells of the mammary gland (alveolar tissue). 

Nitrogen, non-essential amino acids and essential amino acids are incorporated into proteins. The non-

essential amino acids are synthesized within the cells and build up into proteins within the ribosomes of RER 

(rough endoplasmic reticulum) during mRNA translation. The essential amino acids pass unchanged the basal 

membrane of the lactating cells together with the non-essential ones and are all incorporated into proteins. 

Glucose and galactose are enzymatically (α-La and galactosyltransferase) converted into lactose in the 

secretory vesicles of Golgi apparatus. Lactose cannot diffuse from Golgi apparatus and creates osmotic 

pressure disbalance which becomes stable by water coming into the cells and in this was milk as a liquid is 

formed during the osmotic pressure regulation (Morel, 2015); (Wu, 2018). 
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Amino acid transport system helps in the uptake of amino acids and covalent chemical reactions help for 

bounding them into proteins in the RER. The proteins (milk proteins, membrane bound proteins and 

enzymes) are moved to Golgi apparatus where post-translational processing take place. Lactose and milk 

proteins in the secretory vesicles (pinocytosis vesicles) are transported in the alveolar apical lumen by fusion 

of the vesicles with the apical membrane and an opening is made for the discharge of them in the alveolar 

lumen. The process is called reverse pinocytosis.  Casein is secreted as micelles inside Golgi apparatus and it 

associates with Calcium and Phosphorus. 

Milk triglycerides are synthesized in SER (smooth endoplasmic reticulum) as droplets that will fuse into 

bigger lipid globule toward the apical membrane in the alveolar lumen. Milk fat globules are made by 

glycerol and short chain fatty acids derived from free fatty acids and glucose. Glucose C absorbed in the 

lactating cells is chemical converted into Acetyl Coenzyme A (CoA) and Malonyl CoA in the cytosol of the 

cells. Malonyl CoA and several enzymes form free fatty acids and short chain fatty acids are transported in 

the alveolar lumen by pinocytosis. 

Immunoglobulins (Ig= bodies of Donne) are not synthesized inside the lactating cells but they pass the 

epithelial cell barrier from the blood by receptor binding to the basolateral membrane and endocytic 

transport vesicles which fuses with the apical membrane of the cells and are internalized in the alveolar 

lumen. 

Iron bound to Lactoferrin is secreted with proteins by reverse pinocytosis. 

Free ions (Ca, Mg, P, Na, K) and lactose increase the osmotic pressure and water from the cells flows into the 

milk and brings all of the components together fat, proteins and carbohydrates as raw milk (Hurley, 2009), 

(Morel, 2015). 

From the birth to puberty mammary gland growth (fat and connective tissue) is isometric with the body 

growth and during puberty is allometric with the body growth and after puberty is cyclic depending upon 

dioestrus phase with the lobular-alveolar development which is short and high progesterone levels which 

will suppress lactogenesis. Puberty for horses is at one, one and a half years old in order for them to develop 

their entire genetic potential. Progesterone secreted by corpus luteum on the ovary together with prolactin, 
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oestrogen and somatotropin stimulates mammary ductal growth and differentiation into lobular-alveolar 

system. 

During lactation, epithelial cell division on the parenchyma increases until the maxim productivity is reached 

with the size of the udder is returning to the non-lactating state which was post-weaning (Husvéth, 2011). 

 

 

1.8 Lactation and galactopoiesis (lactation regulation) 

    1.8.1 Lactation 

 

 

Lactation is the process of milk secretion, passive cisterns withdrawal and active ejection from the alveolar 

tissue (Husvéth, 2011). 

The mare udder has a low capacity of less than 2 litres of milk and for this reason the foal needs to be fed 

with milk several times a day and the milking process is also repetitive, 5-7 times a day with 2-3 hours break 

(Salimei and Fantuz, 2012). 

It lasts in general one year with an early, mid and late lactation time. 2-3 months post-partum the mare milk 

yield increases (10-18 l /day for Thoroughbred; 14-17 l/ day for draft mares and 8-10 l/day for ponies). After 

three months the foal will not depend only on milk for its nourishment, grass and hay will continue its diet. 

Consecutive, yield drops off will be seen and of course the weaning process (normally humans are weaning 

the foals at six months of age) before the due of delivery of the next foal if the mare is pregnant again. 

All the nutrients from the mare milk decline during lactation encouraging the foal to get the nourishment 

from elsewhere (Husvéth, 2011), (Hurley, 2009) (Morel, 2015). 

 

 



32 
 

   1.8.2 Galactopiesis (lactation regulation) 

 

The maintenance of the lactation requires functional alveolar cells and an efficient milk ejection reflex. 

The pituitary gland hormones STH, ACTH, TSH, insulin, parathyroid hormone serve in the process of lactation 

regulation (Husvéth, 2011). 

An important role in the maintenance of lactation is played by the constant milk removal either by foal 

suckling or by mechanical milking removal knowing the fact that if the milk will stay longer inside the 

mammary gland it will have a negative feedback for lactation and galactopoiesis will fail to work properly. 

For the production animals galactopiesis is understood more like a milk yield management of course with 

human intervention with hormonal products which can help keeping the milk flow even without the need of 

the foal (Morel, 2015). 

 

 

2. Cell culture and milk bioactive components 

         2.1 Cell culture using intestinal cells and milk 

 

 

The cellular level mechanism for bioactive components in (mare) milk interaction with epithelial intestinal 

cells is the base for linking nutrition, molecular biology, diseases mechanism and public health. 

Cultured cell lines can generate their own extra cellular matrix (ECM) important in cell line sub-culturing and 

adherence of cells to the plastic bottle substrate, for 2D cell monolayers. Cell differentiation in cell cultured 

consists of cell proliferation and is induced by an increased density of cells, a high cell to cell and cell to 

matrix interactions (integrins α, β linked with matrix molecule receptors for the transmembrane proteins -

fibronectin, laminin and collagen by RGD -arginine- glycine- aspartic acid motifs). Integrins and cadherins 

(cell adhesion molecules) interact with vinculin, another transmembrane protein, generating a signalling 
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pathway to the nucleus. On the other hand, a high density of cells and cell to cell contact inhibits cell 

proliferation, producing less spreading and morphological changes of cells. However, a low density of cells 

plus growth factors (EGF, PDGF, FGF) supplements can induce cell proliferation and controlling this critical 

point helps having reliable and strong scientifically results from using cell culturing both for food safety and 

public health (Freshney, 2005).  

Cell models in general can be used in the cosmetic and pharmaceutical industry and their culturing being 

improved by modern technique, cell models have been standardised and validated (cell lines) so they can be 

used in large settings, being cost efficient and avoiding animal testing ethical concerns. Being mini-biological 

models, cell lines are useful for research in general. Food safety and microbiology, metabolism and nutrition 

and toxicology can beneficiate from using intestinal cell models (Langerholc et al., 2011). 

A similar in vivo environment can be mimicked by using in vitro cell culture inserts (trans wells) in cell culture 

monolayer to check for the transcellular transport of drugs. This can be useful in studying the time transfer 

of therapeutic drugs from the plasma blood to milk and to created cellular models for therapeutic drugs 

metabolism (Athavale et al., 2013). 

Caco-2 monolayer monoculture model of human intestinal barrier, do not produce mucin layer and 

therefore can’t be a good model for mucin producing Goblet cells. Furthermore,  a low paracellular 

permeability and a low cellular permeability in general is based on an overexpression of P-glycoprotein, an 

efflux membrane transporter (Amin, 2013). In order to improve that, it was necessary to add HT29-MTX cells 

in a trans well co-culture. Rhodamine 123 was used to check for the cellular efflux proving the existence of 

tight junctions between the cells and verapamil HCl to block P-gp and lucifer yellow (LY) as a marker for the 

paracellular transport. A transport buffer (TB) was used to show the cells permeability and TEER parameter 

being determined afterwards. After 7 days of co-culture transepithelial resistance (TEER) increased at its 

peak with the two cell lines monolayers seeded one after the other- HT29-MTX 2 days after Caco-2 cells 

(Béduneau et al., 2014).  

Caco-2 cell were co-cultured with THP-1 cells differentiated with PMA (phorbol 12 myristate 13 acetate) - to 

mimic the intestinal barrier for both physiological state or inflamed condition (IFNγ, LPS). PMA differentiated 

THP-1 cells have been used as a macrophages model and together with Caco-2 cells, gave the possibility to 

study different state of the intestinal integrity (Kämpfer et al., 2017). 



34 
 

These cell models can probably be used to study the whey bioactive peptides from mare milk and their 

effect on intestinal barrier. 

Bioactive substances in milk like growth factors, whey proteins, caseins and its metabolites, minerals or 

vitamins, and their effect for animal or human gastro-intestinal tract cells (different cell lines) can be tested 

in order to improve human health and diagnostic of human diseases. Different assays using cell functions can 

be of use and have been tested for cow milk. Mammary gland cell lines can be used to test bioactive 

components from milk or fermented milk linking different diseases of mammary gland with the nutritional 

implication for diagnostic or treatment (Purup and Nielsen, 2011). 

Milk bioactive compounds can be useful in future for treatment, prevention or just for improving nutrition 

and wellbeing. The focus on cow milk can or was shifted to other products like camel milk proteins or food 

matrix dairy proteins and its proteolysis metabolites in vitro so the researchers could prove once again the 

importance of milk bioactive components for human health by showing anti-inflammatory and antioxidant 

effect of these bioactive peptides for human health. They used mostly in vitro proteolytic digestion by 

different enzymatic equipment combined with RP-HPLC for fractioning the resulted peptides to scientifically 

conduct their studies (Rafiee Tari et al., 2019), (Ibrahim et al., 2018). 

A two-compartment cell model mimicking the human intestine using Caco2 cell line (Caco2 cell surface 

peptidase for peptide hydrolysis) together with RP-HPLC and MS/MS peptide sequencing were used to test 

some peptides resulted from in vitro digestion found in human k casein and bovine β and k casein and prove 

their antioxidant effect. Caco2 cells were treated with H2O2 to create the oxidative stress and after the 

peptide’s pre-exposure, the antioxidant effect was measured using glutathione and thiol groups (redox 

signalling role) enzymatic reduction as parameters for the antioxidant effect. The tested peptides showed 

protection against oxidative stress for Caco2 cells and a role in signalling pathways of the cellular oxidative 

stress (Tonolo et al., 2018). 

The two-compartment system have a microporous membrane where the epithelial intestinal cells prior 

polarised (IEC-6, IEC-18, FHs 74 Int) or transformed cell lines of cancer origin like Caco2, T84, HT-29 (which 

can differentiate into small intestinal cells and propagate) can grow, above which is the apical -lumen side 

and below which is the basolateral – intestinal content side. This system has been used in different studies 
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to show the human and bovine-milk derived bioactive substances (Cencic and Chingwaru, 2010), (Takeda et 

al., 2004), (Purup et al., 2006). 

The gastro-intestinal tract is a target organ for milk and milk products because it is the point where pre-

digested peptides and components from whey/raw mare milk/fermented mare’s milk enters the intestinal 

lumen having their positive action for the human body by absorption of its active amino-acids and micro 

components into the blood. Furthermore, therapeutically drugs transport and their residual excretion into 

the mammary gland and milk, together with the metabolism of new food matrices or products, can be 

tested using epithelial intestinal cell-based models (Purup and Nielsen, 2011). 

 

2.2 Advantages and disadvantages of using cell culture  

 

 

One of the advantages for using cell-based models for searching of novel bioactive substances in milk and 

not only, can be that several concentrations of treatments or bioactive compounds can be tested at the 

same time on different and specific cells. Moreover, different cell functions can be checked to see the effect 

of this substances for the human physiology. Examples for this cell functions that can be tested are, 

morphology, metabolism, signalling pathways, gene expression, apoptosis, cell viability and migration.  

Another reason can be the costs which are less than for using animal models and avoiding their sufferance 

and respecting the 3Rs principle (replacement, reduction, refinement) for animal welfare used in 

experiments (Purup and Nielsen, 2011) (Langerholc et al., 2011). 

For the fact that milk components and metabolites are reaching the intestinal barrier, generic epithelial 

intestinal cell lines are proper for studies with milk as the main focus. Their main quality is that these cells 

are simple, robust, repeatable interlaboratory data can be obtained from using them in experiments and not 

the least, they have a high-scale testing feature (Langerholc et al., 2011). 

Cultured cells change the microenvironment from in vivo to in vitro and this is one of the major 

disadvantages of using them for testing in vivo processes. The hormonal and growing stimuli are lower in 
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vitro than in vivo, no cell-matrix interactions are seen, low heterogeneity and 3D spatial distribution of cells 

in vitro is missing, being replaced with a 2D plastic cell culturing bottles monolayer which can migrate and 

proliferate as undifferentiated cells. On the other side the culturing conditions (incubation temperature, gas 

phase, media culture, added supplements for cell growth, cell density and adhesion plus heterotypic cell 

interactions on the culture bottles) can be fair enough controlled based on the desire and usage of the 

experiments. More than that, 3D cell culture can be created from 2D monolayer on collagen gel, gelatine 

sponge or other matrices with filter well inserts (Freshney, 2005). 

Nevertheless, in vitro systems cannot copy in vivo conditions which are more complex or which require 

homeostasis regulation and a dynamic metabolism, signalling and interaction between organs and the 

human body as a whole. Furthermore, beforehand researchers need to plan the experiments in a manner 

that they will get a high throughput testing and of course data, good predictive and results interpretation, to 

choose the right target organ (cell line) with the established cell line giving reproducible results conform with 

the human physiology. Taking into account the possible cell dedifferentiation process which can occur during 

sub culturing the cell line it is necessary to have the right cell growth medium under the right incubation 

condition during the right amount of time. As for the milk samples to be analysed, they need to reflect the 

end-points to be measured and avoid cytotoxicity and lack of selectivity of the bioactive components in the 

fraction that will be the active treatment for the cell-based chosen (Purup and Nielsen, 2011). 

In order to develop good cell-based models for diseases one might be opened to try alternative cell-based 

models coupled with translational medicine reports where clinical practice has the main role. 3D co-culture, 

organ on-a-chip systems, usage of induced pluripotent stem cells prove to be a multilevel plan with a 

combination of scientifically data from genetics, imaging, engineering, molecular biology, immunology, 

computer science and medical marketing domains. Principles of physiological relevance and disease-relevant 

assays in preclinical models are proposed to work cost efficiently if financial investment in drug research and 

personalised medicine is added (Horvath et al., 2016). On the other hand, cell-culturing it is a repetitive set 

of procedures with steps which cannot work on an ideal model or where the conditions can’t change every 

assay performed in different laboratories settings. This is an important factor to be taken into account when 

using in vitro cell culturing models testing. 
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3. Wound healing and the role of milk  

          3.1 Wound healing 

 

 

Mucosal intestinal healing (proliferation and differentiation) and epithelial restitution (migration) is required 

to the wound site to stop the chaotic inflammatory process. Epithelial barrier function is affected and 

commensal bacteria are transferred in the intestinal wall with hyperimmune response from T cell and 

subsequent chronic inflammation of the intestinal wall. Intestinal bowel diseases (IBD) have this general 

pathogenesis scenario. Cellular microscopical level of epithelial intestinal barrier restitution in the gap 

produced by the wound requires a balance between proliferation, migration and differentiation of intestinal 

epithelial cells (IECs) (Neurath and Travis, 2012). 

 Regulatory growth factors and peptides (chemokines like CXCR4, CXCL12, defensins, cytokines IL-1β, IL-6, IL-

22, IL-2, trefoil peptides, TGFα, TGFβ, EGF, FGF, KGF, IGF-I and IGF-II, HGF), soluble peptides and cytokines 

and TLR (toll-like receptor) signalling pathways are working together in the process of intestinal wound 

healing.  

From the human intestinal lining point of view, this signalling process in wound healing can be explained by 

TFF peptides’ (trefoil factor family) action from the apical membrane of the epithelial intestinal cells 

together with mucins glycoproteins in an independent TGF-β signalling. Trefoil 3 factor regulation prevents 

apoptosis of the intestinal epithelial cells. In a TGF-β depending way IECs migration is activated by FGF, EGF, 

VEGF, GLP-2, HGF growth factors and IL-1, IL-2, IFN-γ with TGF-β activation and synthesis. Epithelial cells 

restitution is depending on several regulatory peptides which activity can be enhanced, glycoproteins like 

mucins which form a protective gel for the intestinal barrier together with phospholipids 

(phosphatidylcholine) and short chain fatty acids (SCFA) in a form of hydrophobic pre-epithelial layer. The 

epithelial lining is a simple unstratified epithelium brought together by tight junction with a turnover of 24 to 

96h. IECs proliferate and differentiate as a functional villus layer in the crypts. TLR signalling enhance the 

innate immunity and regulates IECs homeostasis. TGF-β and EGF stimulate IECs proliferation 5 to 10 times 

higher than IL-2, HGF and FGF in in vitro studies (Neurath and Travis, 2012) (Sturm and Dignass, 2008). 
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 TLR9 recognises CpG motifs on bacterial DNA and stimulates innate immunity in IL-12 and IFN production 

with wound healing. On the surface of myeloid cells (macrophages, immature dendritic cells and osteoclasts) 

is receptor Trem2 and this signalling pathway activates IL-4 and IL-13 production and mucosal healing. 

Proliferation of IECs is enhanced by NfkB pathway activation. NfKB gut immune responses is activated by 

bacterial muramyl dipeptide (MDP) on NOD2 intracellular receptor encoded by CARD15/NOD2- IBD1 gene. 

This gene is associated with CD in humans. Wound healing signalling at the epithelial level is not the least 

regulated by TGFα signalling with ERK1 and ERK2 kinases and mitogen activated protein kinase activation 

(MAP-kinase). Mucosal intestinal healing is a part of the three types of necessary healing of the intestinal 

wall important in IBD (Inflammatory bowel disease like ulcerative colitis -UC and Crohn’s disease- CD) 

namely ultrastructural, functional and histological healing, an essential key in the treatment of CD and UC. 

Despite the fact that intestinal mucosa represents less than 15% from the intestinal wall, mucosal healing is 

associated with a good prognostic for IBDs which last a life time. Reducing hospitalisation, surgery risk and 

preventing relapse, mucosal healing is a therapeutic endpoint in clinical trials. Newly approaches to 

understand IBD pathogenesis using mouse models like Tnf ΔARE/+, SAMP1/YitFc of CD ileitis is important for 

studying the mucosal healing and advanced targeted drug technologies (biologics or monoclonal antibodies, 

computational biology) are of a great importance for this all-life time diseases. (Neurath and Travis, 2012, 

Sturm and Dignass, 2008),(Cominelli et al., 2017). 
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                                                                                    days    

Simplified wound healing picture of the stages of superficial epithelial layer repair in the case of small 

injuries. After (Dignass and Sturm, 2001) 

  

 

3.2 The role of milk in wound healing  

 

The cows’ whey milk showed growth stimulation on human intestinal cells based on lactation phase and in a 

range of concentration up to 10%. The growth stimulation of the intestinal cells decreased during the first 

week postpartum, being high in colostrum and increased in mature milk (higher than in colostrum).However 

no correlation between IGF-I, TGF-β1, TGF-β2 and IGFBP concentration variation and growth promoting 

factor of the whey on human small intestine epithelial cells couldn’t be found (Purup et al., 2006). 

Epithelial cell migration and proliferation was stimulated in an in-vitro study using low concentration casein 

(casein glycomacropeptide and casein phosphopeptide) and whey protein (with α Lactalbumin) preparation 

products based on cow milk (Li et al., 2018). 
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Genomic prediction model of IBD (Peters et al., 2017) and a System Pharmacology network computational 

model for IBD can be of great help for new biomarkers as therapeutic targets ,a mark of personalised 

medicine using quantitative models (Balbas-Martinez et al., 2018) that could use mare milk and personalised 

medicine in intestinal wound healing. 

A randomised placebo-controlled, double-blind, cross-over intervention study on adolescents with IBD was 

done using orally mare milk of 250 mL daily. Abdominal and extraintestinal pain was released, no dramatic 

symptomatology with less medication to reduce it was observed and less blood in the faeces was observed 

after the mare milk intake. Blood, urine and faeces parameters were unchanged along with CD and UC’s 

activity index. They concluded that consumption of a glass of mare milk daily improved the clinical state of 

patients with CD and UC (Schubert et al., 2009). 

 

 

4. Mare milk in human health  

 

 

4.1 Previous studies of beneficial effect  

 

Mare milk variate composition with a big nutritive value and an important bioactivity for human health 

can be considered a functional food and both in vitro testing and in vivo testing using human subjects 

have started to be cited in the scientific literature in order to demonstrate it. 

Milk functional peptides are released by its digestion and can have an angiotensin-converting enzyme 

inhibition (ACE) role (antihypertensive) or dipeptidyl peptidase IV (DPP-IV) inhibition role or maybe an opioid 

activity, antioxidative, antimicrobial, antithrombotic, immunomodulating or mineral binding role in the 

human body (Nielsen et al., 2017a). DPP IV have been tested in clinical trials for type 2 diabetes keeping the 

activity of GLP-1 and GIP after the food intake and blood glucose control through insulin secretion 

stimulation (Flatt et al., 2008). 
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Gene expression (hilA, ssrB2) of Salmonella Typhimurium was tested using raw mare’s milk and moreover 

its effect on Caco2 cells proliferation. All mare milk supernatants had a decrease effect on S. Typhimurium 

gene expression and a decrease in Caco2 cell proliferation (Corredig et al., 2015). 

A Milk Bioactive Peptide Database – MBPDB for human milk and animals’ milk 

(http://mbpdb.nws.oregonstate.edu/) was created based on the literature review with 944 entries, 76% 

cow, 11% human, 7% goat, 5% sheep, 1% buffalo, camel, rabbit, donkey, yak and pig. Other databases based 

on bioactive peptides exists as well like MilkAMP (antimicrobial peptides), AHTPDB (milk peptides with ACE-

inhibitory activity) and BIOPEP (sensory peptides and amino-acids). ACE and antimicrobial peptides (327) are 

the most abundant ones in the literature, 64 have DPP-IV-inhibitory activity, 25 opioid, 41 antioxidant, 10 

anti-inflammatory, 70 miscellaneous, 14 anti-cancer and 9 immunomodulatory (Nielsen et al., 2017a). 

In Germany at Institute of Animal Breeding and Genetics of Justus Liebig University Giessen  

(Sames et al., 2018) was performed an in silico analysis using BIOPEP of mare milk digested with trypsin, 

chymotrypsin and pepsin and from whey proteins β-lactoglobulin 1 and 2 ,α-lactalbumin, αS1-casein, αS2-

casein, β-casein and κ-casein of mare´s milk they discovered 17 bioactive peptides with antihypertensive 

effect, among them IVR (αS2 casein), HHL (αS2 casein), EY (αS1 casein) and VY (βlactoglobulin 1 and 2) being 

most abundant and with the greatest effect as antihypertensive substance in very low concentration. It was 

observed also that the genetical variance of whey proteins do not affect the ACE-inhibitory activity of mares’ 

milk. 

At the Department of Animal Diseases and Veterinary Public Health, Faculty of Veterinary Medicine in 

Kupang Indonesia, A. Detha and her team (Detha et al., 2019b) showed the antimicrobial activity of mares’ 

milk against Salmonella enteritidis. Lactoferrin and lysozyme from Sumba mare’s whey milk inhibits S. 

Enteritidis with an inhibition zone similar (around 19 mm) to penicillin. Equine milk contains double lysozyme 

(3% of the total whey proteins) compared to human milk and much greater than cows’ milk. This gives it a 

high resistance to bacterial growth and protection against enterically inflammation (Fox and Kelly, 2006). 

Mare milk in cosmetics – in Slovenia 2012 was tested a tonic and a cream based on mare milk for three 

different ages ladies with dry skin for two months along with placebo treatment. Multiskin Test Centre 

MC 750and Visioface Quick tested different skin properties like elasticity, pH, pores, moisture, dark spots 

of the face skin. Wrinkle and dark spots reduction, a good moisture and face skin elasticity was observed 
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using mare milk products during two months. There is no information about the products, only the fact 

that they are based on mare milk and they are a tonic and a cream and this study was presented to a 

Dermatology Congress in 2014. It was stressed out the need for clinical studies in dermatology and 

certified products based on mare milk which can economically improve dairy horse breeding in Slovenia  

(Gavric, 2014) . 

Furthermore, from fermented milk had positive scavenging tests (ABST+, DPPH) and had inhibited melanin 

production in B16F10 melanoma cells. Topical treatment with NS8-FS in hairless mice SKH-1, reduced UVB 

skin photodamage, epidermal dehydration and activated BFE2L2 pathway and antioxidant enzymes in 

oxidative stress (Rong et al., 2017).  

Allergy to mare’s milk it happens not so often  (Fanta and Ebner, 1998), (Gall et al., 1996),(Doyen et al., 

2013, Verhulst et al., 2016) and mostly CMA (cow milk allergy) is implied among infants and children 

(Businco et al., 2000, C Curadi et al., 2001, Heine et al., 2017, RANGEL et al., 2016), (Host, 2002) 

In Kazakhstan, in 2017 another study using mare milk and yogurt made of mare milk was tested and 

accepted to meet the nutritional needs in the diet of 12-23 months old children (milk) and for 2-11 years 

old children for the care of yoghurt made of mare milk. Omega 6, omega 3, vitamin C content from both 

raw milk (15-34%, 15-23%, 39,6-57,3%) and fermented mare milk (4,3-14,5%, 6,4-12%, 23,8-31,7%) was 

bringing a good percentage of the daily recommended necessary dose (V. Yakunin et al., 2017). 

Mare’s milk chemical composition it is supposed to influence human epigenetics with a focus on aging, 

the review is in Russian (Grishina, 2018). 

Because of the lipid profile of mare milk, it can be used mixed with mineral water and herbal tea for 

balancing the fat metabolism in the human body being proposed to help as therapy in atherosclerosis- 

application patent number RU20120115603 20120418, applicant GIL MUTDINOVA LIRA TALGATOVNA 

[RU]. 

Low molecular-weight peptides from mare’s milk together with a low % of protein and a high quality of 

free amino-acids made researchers from Kazakhstan to propose the use of mare’s milk for sports 

nutrition production (protein hydrolysates with the addition of antioxidants and vitamins A, C, E). The 

product (rich in active peptides and hypo-allergic fermentation protein hydrolysates) was tested on mice 

subjected to daily swimming physical effort for one month. The results showed a decrease in bloods’ 
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lactate and urine an antioxidant enzymes activation and a reduction in the concentration of lipid 

peroxidation residues(Yakunin et al., 2016). 

Due to its balanced composition and nutritive value, mare’s milk can be used in different percentage with 

cow’s milk to make ice-cream observing that the combination of these two types of milk added amino-

acids (proline, valine, histidine, methionine, proline etc.) and minerals improving ice-cream nutritive and 

biological value (Akanova et al., 2017) 

 

Casein and whey proteins from milk of different animals (cow, sheep, mare, donkey, camel and goat) 

were tested with another cell line, namely MCF7 (breast cancer cell line) combined with in silico 

bioinformatic tools to show the anticancer effect of milk. The anticancer activity was explained by high 

positive and negative charges and a high α helix structure and it was evident for the mare milk together 

with donkey and camel. Sheep and goat milk did not show antiproliferative cellular activity. Caseins from 

mare milk showed the highest cytotoxic activity explained by the high percentage of α helix casein 

followed by camel whey proteins. The highest anticancer activity of mares ‘milk casein was observed 

followed by camel, donkey and cow caseins with no effect for sheep and goat milk. Casein structure was 

primarily implied for the anticancer activity of the bioactive peptides from mare milk (Shariatikia et al., 

2017). Human leukaemia cells lines Raji and CEM-SS viability tests were performed to prove the cytotoxic 

effect of milk from various species inclusive human and mares milk and 10 % mare milk showed 

statistically significant cytotoxic effect against human leukaemia cell lines among cow, human and goat 

milk (Rahmat, 2006). 
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4.2 Mares’ milk in clinical studies 

 

 

Table 6 Mare milk studies in clinical trials after(GCP)  

Clinical trial 

no. 

Type of 

product 

Disease Parameters End of 

completion 

NCT03669835 Sublimated 

mare milk 

supplement 

(dried powder 

of mare milk) 

along with the 

standard 

treatment 

(Kazakhstan) 

Hepatitis C 

for 18-65 

years old 

patients  

- liver function, 

- the degree of liver 

fibrosis, 

-change in the gut 

microbiota, 

- changes in the immune 

status, 

-phospholipids of the 

lymphocyte membranes  

(every two weeks, up to 

week 8) 

01.11.2020 

NCT03657836 

 

 

 

 

 

 

Acute 

bronchitis for 

4-5 years old 

patients 

- changes in intestinal 

microbiota, 

- changes in the immune 

status biomarkers, 

- changes of stool quality 

and frequency (up to 60 

days) 

 

01.12.2020 

NCT03664596 NASH 

(non/alcoholic 

steatohepatitis 

- changes in the liver 

indicators, 

01.06.2019 
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16-60 years 

old patients 

- degree of steatosis and 

fibrosis by 

fibroelastometry and 

ultrasound, 

- changes in blood 

biochemistry results 

(cholesterol, glucose) 

and weight, 

- general symptoms of 

NASH  

(for two months every 

two weeks)  

NCT03665519 Biliary 

cholangitis 

(primary 

biliary 

cirrhosis) 

18-75 years 

old patients 

- changes in liver 

function, 

- asthenia intensity, 

- liver histology, 

- hepatic 

encephalopathy 

changes, 

- inflammatory 

biomarkers changes 

(erythrocytes 

sedimentation rate), 

- presence of cholestasis 

and stage, 

- changes in prothrombin 

time, fibrinogen and 

albumin, 

01.07.2020 
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- changes in LDL and 

total protein, 

- changes in platelet 

count, 

- anaemia, 

- hepatic hypertension 

(for 4 months) 

 

NCT03594877 Psoriasis (gut 

microbiome 

role) 

30-45 years 

old patients 

- changes in stool 

microorganism 

composition, 

- changes for intestinal 

inflammation 

biomarkers, 

- vitamin D level 

changes, 

- changes in PASI 

psoriasis indicator 

30.01.2020 

NCT00753805 

Double blind 

placebo-

controlled 

crossover trial 

Mare’s milk 

250 ml daily 

for 16 weeks, 

4 weeks 

washout 

period and 

placebo drink 

(Germany) 

Atopic 

dermatitis 

(AD) 23 

patients 18-54 

years old 

- SCORAD test after 

4,8,12,16 weeks and 

stool samples, 

- immunological 

parameters – Ecp, SE 

selectin, MDC, IL-16, CRP 

at 16 weeks, faecal 

microbiota test. 

Completed 

NCT00940576 Mare’s milk 

250 ml daily 

for 8 weeks 

Chronic IBD 

(Crohn’s 

disease and 

- Score of Crohn’s 

disease and Ulcerative 

colitis, 

completed 
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and placebo 

drink 

(Germany) 

Ulcerative 

colitis) 10-54 

years old but 

mostly 

adolescents 

- extraintestinal pain 

control for 8 weeks 

 

 

5.  Aim 

 

The aim of this project was to study the whey of mare and its growth factors on the viability of two epithelial 

cell lines and furthermore to check the wound healing's effect of the mare’s milk’s whey using one of the cell 

lines. Six mare milk sample were collected at about four to six months of lactation (late lactation time) and 

used for the assays. Female horses were warmblood type used for riding, jumping and dressage. Moreover, 

a quantification of some of the growth factors from the whey of colostrum and the whey of mare milk was 

done trying to explain the trophic effect upon cellular epithelial intestinal lines both in the case of the 

mitogenic effect and wound healing. 

 

 

6. Hypothesis 

 

We hypothesised that peptides and growth factors from the whey of mare’s milk will help wound healing in 

an IEC-6 – based model for wound healing and moreover, different concentrations of mare milk can enhance 

proliferation of these cells together with human small intestinal cells FHs 74 Int showing the beneficial role 

of mare milk in human metabolism and health. In this way, a proof of bioactivity of mare’s milk or mare’s 

milk as a functional food can be implied from the point of human health with the focus on the gastro-

intestinal tract. 
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7.  Materials and methods  

                

Mare milk was obtained from six heathy mares, warmblood type, riding horses bred for dressage and 

jumping show with none used for competition. Milk sampling was done six times but it was analysed for two 

of the milking time, one during month 4-5 and one during months 6-7 of lactation (milking samples one and 

four). One of the mares was at its first lactation (4 years old) and the others were older than 10 years and at 

six, five and third lactation time.  

For the colostrum study, samples were collected from five mares (4 Thoroughbred and 1 warmblood) mostly 

used for breeding foals. 

The milk whey was prepared and analysed as neutralized acidic whey. 

Cooled milk, after centrifugation and fat layer removal was acidified to pH 4.2 by titrating acetic acid 5M, in 

this way, casein was precipitated from the whey fraction. After another round of centrifugation and removal 

of the casein layer, the acidic whey was neutralized by adding sodium hydroxide 3M to reach 7.4 acidity. A 

final centrifugation was done and the supernatant was sterile filtrated. The vials were kept at -80˚C before 

using.  

Mare colostrum was analysed as neutralised acidic whey of colostrum using the same method as for the 

mare milk samples and the vials were kept at -80֯ C before usage. 

No scratch wound assay was performed using colostrum. Colostrum as neutralised acidic colostrum was 

analysed for cell viability using IEC-6 cells.  

The cell-based model used was first IEC6 cells (DSMZ, ACC 111, Braunschweig, Germany) rat small intestine epithelial cells 

and second, FHs 74 Int cells (ATCC® CCL-241™), human small intestine epithelial cells. 

As endpoint measurements in general was used the cell viability assay, AlamarBlue® BioSource, AH diagnostics, 

Aarhus, Denmark for two cell lines, both small intestinal epithelial cell lines from rats and humans and the cell migration 

scratch wound assay only for the rats’ intestinal epithelial cell line. The effect was calculated after one hour of exposure to 

the florescent dye. 
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Cell viability AlamarBlue® assay was further performed for 5 colostrum samples from different mares (H1-H4 four mares 

Thoroughbred breed and H5 one Warmblood mare from the stud department of Aarhus University – Foulum (used for 

breeding foals) to check the viability effect of colostrum on intestinal epithelial cells. 

 In addition, ELISA  and TR-FIA  assays were performed by the laboratory assistants from Animal Science Department at 

Aarhus University Foulum to measure the concentration of growth factors for the first 6 mare milk samples and for the 

next 5 colostrum samples (different animals than the first 6).  

 

 

                                                                                                                        Centrifugation 1000-4000 x g 

                                                                                                               

                                                                                                                                          9000 x g 

                                                                               Casein (discarded)          Whey - acid precipitation, neutralisation, 

                                                                                                                                                                                                  sterile filtration 

                                                                                                                                      Whey fraction                               

             Mare milk fractions, in the lab experiment for the actual project it was used neutralised acidic whey (without fat and 

casein fraction) 

 

 

7.1 Cell viability using IEC-6 cells  

 

 

Monolayers of IEC-6 cells (rat small intestine cells) from P7 to P11 (first time milking samples) and from 

passage 13 to 20 (fourth time milking samples) were cultivated and treated with different concentration 

Raw mare milk 

Fat 

(discarded) 

Milk fat globule 

membrane                                                

MFGM 

 

Skimmed milk- High speed centrifugation/ultracentrifugation 
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of whey of mare milk (0.05, 0.1, 0.25, 0.5, 1, 2.5, 5 and 10%) from 6 mares with different age and lactation 

number at 2 different sampling time points (see Table8 from the Appendix section). To check if the assays 

were correct, controls were used every time a negative and a positive control. 

Cell viability assay, namely AlamarBlue® using IEC-6 cells was done three times for all six samples of whey 

of mare’s milk for both milk sampling time and relative values of the means were calculated. 

Culture media as growth media for IEC6 cells was used Dulbecco’s Modified Eagle Medium (DMEM 11960-044; Gibco, Life 

Technologies, Nærum, Denmark) supplemented with 10% foetal calf serum (FCS, 10%; Cambrex Bio Science, Copenhagen, 

Denmark) plus sodium pyruvate (11360/039 100mM, Gibco Life Technologies), Glutamax (Gibco Life Technologies), and 

penicillin and streptomycin (P0781 100mM, Sigma-Aldrich A/S, Brøndby, Denmark) on 37°C and 5% CO2 atmosphere 

incubator. For cell culturing it was used 25 cm2 and 75 cm2 cell culture plastic bottles depending on the number of cells 

needed for an assay and how many assays on the same time are needed to be done.  

Culture media as dilution media for the whey samples in the concentration range, was almost the same as the growth 

medium but without foetal calf serum. 

Foetal calf serum or foetal bovine serum is normally obtained from the calves’ blood after coagulation and centrifugation 

with the red blood cells, fibrin and clothing factors discarded. It contains bovine serum albumin (BSA), hormones, growth 

factors, minerals, amino acids, fatty acids, glucose etc. It is useful for the cell’s growth and it has less antibodies and more 

growth factors than non-foetal serum.  

IEC6 cells from DSMZ (Braunschweig Germany AC 111) (passage 9 to 22) were plated into 96 wells plates 5000 cells per 

well per 100 µL in culture media for 24 hours (50000 cells per ml).  

In order to get the right number of cells per well, there is need of sub culturing the cells and counting. Sub 

culturing has been done when the cells in monolayer were 80-90 % confluent. After thawing them out, they 

require at least 2 passages before usage. 

A cell line is grown (culturing the cells for maintenance) in several passages under a pattern until it stopes. At 

the beginning a lag phase is seen after seeding and a log phase comes right after the lag phase when cells 

suffer an exponential growth. When the cell density (cell/cm2 substrate) or cell concentration (cell/ml of 

specific growth medium) exceeds the capacity of the medium or of the plastic cell-culture bottle surface, the 

process of growth decreases or it stopes and the cells can be divided or growth medium can be changed if 
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they are still having space to grow. Everything is done before the confluence is obtained and with a medium 

change every two days (Wang, 2006). 

In this case, for sub culturing or passage the cells, the small plastic cell culturing bottles of 25 cm2 were used 

to grow the cells together with the culture medium (5ml) incubated at 37°C with 5% CO2 for up to 96 (48-96 

hours) with the growth medium changed after 24 hours. The growth media was discarded and the cells were 

washed twice with PBS (Dulbecco Phosphate-Buffered Saline DPBS 14200-067 Gibco Life Technologies) 

without CaCl2 and MgCl2 to remove any FCS left in the medium before trypsinisation. For loosening the cells 

from the bottom of the plastic bottle, 2 ml of 0,05% Trypsin-EDTA (25300-062 Gibco) was added to the cells 

for 2 minutes. Trypsin is a serine protease which cleaves proteins from ECM and detached the cells from the 

bottom of the plastic cell culture bottles. Trypsin cleaves arginine and lysine amino-acids on the C- termini 

and is inhibited by the FCS proteases. 10 % FCS from 5ml of growth medium stopes the reaction of cells with 

trypsin and EDTA so the cells don’t risk to be over-digested by trypsin, keeping them morphologically intact 

and good for usage further in the viability cell proliferation experiment. EDTA binds Ca2+ and Mg2+ ions and 

helps detaching the cells from the plastic substrate After centrifugation for 5 minutes at 0.5 rpm, the 

supernatant is discarded and the cells are re-suspended in 5 ml growth medium ready for counting. As for 

counting, 10 µl of re-suspended cells is being mixed with trepan blue dye, non-toxic, and pipetted in 50 cell 

counting chamber slides (Countess Invitrogen) and the counting (per ml of cells in culture medium) was done 

using an automated counting system, by Countess life II FL. Knowing the cells number per ml, it was 

determined the ml of cells plus growth medium needed for each 96 well plate. 

After plating, the second day (after 24 hours) when the cells attach to the plastic bottom of the wells and they spread 

evenly on the entire surface , they are washed with phosphate-buffered saline (Gibco by life technologies; 14080-048) 

supplemented with CaCl2 and MgCl2 and Sodium hydroxide 0,3 M and incubated for 72 hours (days necessary for the cell 

proliferation on the wound site as in the model designed by Dignass et al.2001 ) at 37°C, 5% CO2 with whey samples 

diluted in culture medium without FCS (200 µl per well) in concentration of 10%, 5%, 2.5%, 1%, 0.5%, 0.25%, 

0.1% and 0.05%. Culture medium with FCS was used as negative control and without FCS (dilution medium) 

as positive control. Water 200 µl per well was added to the edges of the plates to avoid static electricity.  

To quantify cells proliferation was used AlamarBlue® fluorometry assay on Envision Multilabel Reader 2103 

(Perkin Elmer). Resazurin, a non-fluorescent (λabs=604 nm) compound from AlamarBlue in contact with the 
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cells in the mitochondria, if cells are viable, is being metabolized to resorufin which is fluorescent 

(λabs/λem=571/585 nm) and can be quantified. 

Alamarblue were diluted 1 to 10 with PBS plus CaCl2 and MgCl2 is added as 110 µl per well after the culture 

medium removal. 

Reading the plates using Envision Multilabel Reader 2103 was done after incubation of 1 hour, 2 hours and 3 

hours with AlamarBlue but the data used for the statistical analyses was the measurement of the 

fluorescence after one hour because the effect was more consistent. The data was processed using 

Microsoft Excel and SAS version 9.4 mixed model for statistical analyses. 

 

 

7.1.1 Reagents 

 

For the growth medium it was used DMEM 11960-044 (Dulbecco’s Modified Eagle Medium, with high 

glucose and no glutamine); 10% FCS (foetal calf serum), 0.44% Na-pyruvate; 0.88% penicillin and 

streptomycin and 1% Glutamax. Sodium pyruvate is a source of energy (carbon source) being an 

intermediate in glycolysis process. Penstrep contains penicillin and streptomycin antibiotics essential to keep 

the cell culture media free of bacterial contamination. 

Glutamax by Gibco is a dipeptide formed by L-alanine and L-glutamine, another energy source for the cell 

growth. It has the advantage of being more stable in solution than L glutamine and it is good for cells which 

are growing fast. Hydrolysis of this dipeptide release the two amino-acids for the cell usage in TCA cycle or 

protein synthesis  (Thermofisher). 

Dilution medium had almost the same composition without FCS and it was used for the dilutions 

(concentration range of the whey of mare milk used as treatment for the IEC-6 cell line). AlamarBlue® 

(Invitrogen by Thermo Fisher Scientific) the dye used for the cell viability test (5000 cells, a non-toxic variant 

of MTT 3-(4,5- Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a colorimetric assay for cell viability. 
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Resazurin is the dye from AlamarBlue and inside the mitochondria, it is reduced to resorufin during REDOX 

processes which is pink and fluorescent and the number of the viable cells is direct proportional with the 

colour intensity of it measured by Envision software (Envision Multilabel Reader 2103- Perkin Elmer).  

Trepan blue dye (Invitrogen by Thermo Fisher Scientific) was used for the automated cell counting using 

Countess FL II. 

FCS (foetal calf serum) South America Bio Whittaker used as supplement for improved cell growth. 

Trypsin plus EDTA (25300-062 by Gybco) is important for the cell detachment essential for cells sub 

culturing. 

PBS without CaCl2and MgCl2 (PBS-/-) Dulbecco Phosphate-Buffered Saline DPBS 14200-067 Gibco Life 

Technologies for sub culturing the cells. 

PBS with CaCl2and MgCl2 (PBS +/+) Dulbecco Phosphate-Buffered Saline DPBS 14080-048 Gibco Life 

Technologies for washing the cells from the FCS residues. 
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  7.1.2 Plating and dilution schema  

 

 

Table 7 Whey dilutions samples used as treatment for the IEC-6 cells the dilutions were plated in 4 replicates 

for each of them and for calculation an average was considered. At the beginning a plate using FCS in the 

same range of concentrations was used for calibration 

Concentration Amount Dilution media amount 

10% 250µl FCS/mare whey sample 2250µl  

5% 1000µl 10% 1000µl 

2,5% 1000µl 5% 1000µl 

1% 250µl 10% 2250µl 

0,5% 1000µl 1% 1000µl 

0,25% 1000µl 0,5% 1000µl 

0,1% 250µl 1% 2250µl 

0,05% 1000µl 0,1% 1000µl 

0% = negative control  1000µl 

Positive control = growth medium, Negative control = dilution medium 
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Plate 1 

An example of a plate – using one from the total 6 whey milk samples 

 1 2 3 4 5 6 7 8 9 10 11 12 

A    H2O   H2O      

B 
 

NC 0,05% 0,1% 0,25% 0,5% 1%  2,5% 
5% 10% PC 

 

 

C  NC 0,05% 0,1% 0,25% 0,5% 1% 2,5% 5% 10% PC H2O 

D H2O NC 0,05% 0,1% 0,25% 0,5% 1% 2,5% 5% 10% PC  

E 
 NC 0,05% 0,1% 0,25% 0,5% 1% 2,5% 5% 10% PC  

F    H2O    H2O     

G             

H             

Whey samples dilutions plated in 96 wells 5000 cells/100ml/well, 2 controls positive and negative control, 

negative control was used to check the results 

 

 

 7.2   Cell viability using FHs 74 Int cells  

 

 

FHs cells monolayers were cultured and treated with the whey of mare milk from passage 7 to passage 

11. Two pre-passages were used before the assays.  

For culturing FHs cells (ATCC CCL-241, FHs74 lot 1914408), a growth medium special for them (DMEM 

42430 -025) was used with bovine Insulin I 5500 (10 mg/ml)  and human EGF (50 ng/µl) supplementation 

as well as penicillin and streptomycin antibiotic mix, FCS -South America DE 14-801F, Glutamax 100x 

35050 200 mM, NCTC 135 41350-26 medium with salts which influences amino-acids solubility, amino-
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acids and vitamins to support the epithelial cell growth, Non-essential amino-acids (NEAA) 11140-035 

important as well for the cell cultures, Na-pyruvate 100mM 11360-039, oxaloacetate (OAA).  

To be cell-available, components from the cellular culture needs to be in solution together with the cell 

being cultured. 

When the cell culture developed the right confluency (70% - 80 %) the usage of an inverted phase 

contrast microscope assessed that, the sub culturing (passaging) the cells in fresh medium to create a 

new fresh pool of cells and to plate the 96 wells plates to assess for cell viability AlamarBlue® (2000 

cells/100µl/well with four replicates, three controls and eight dilution of the whey of mare milk, like in 

the schema). AlamarBlue dye was diluted 1+10 with PBS plus Ca2+ and Mg2+ and incubated with the cells 

after treatment adding for one hour. 

After thawing the cells, two passages were used before beginning to assess for cell viability and 

proliferation. Cell viability was assessed three times for all six horses on both lactation time (at month 4-5 

and 6-7 respectively). 

Dilution medium was different from the growth medium based on the insulin and EGF content much 

lower than for the growth medium (100 times lower). 

The same dilutions and plates were used for the FHs cells assay with an extra positive control for a self-

control of using the right medium for culturing and dilution of the samples as well as for assuring correct 

results at the end. 

Envision Multilabel Reader 2103 by Perkin Elmer was used to quantify cell viability like for IEC-6 cells (with 

AlamarBlue dye 1/10 with PBS with Ca2+ and Mg2+ salts) one-hour incubation at 37 ֯ C and 5% CO2), excel 

and SAS 9.4 for the data interpretation. 
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Visual cell culture assessment 

(inverted phase contrast microscope) 

                                                                                        70-80% confluent 

 

                                       Used medium removal, cell washing twice with PBS without Ca2+ and Mg2+ 

                                                                                         (for FCS residues elimination) 

                                                                                                        

 

                                                   Trypsinisation (trypsin + EDTA) – for the cell detachment 

                                                                                       

                                                                                          Incubation 2 minutes 

                                                       Microscope examination of cell detachment 

                                                                                       

                                                                                   Stop trypsinisation with FCS from growth medium 

                                                                 Resuspension in fresh growth medium 

                  Add trypan blue dye and 10 µl resuspended cells into the counting chamber (Countess) 

                                                               Automated cell counting (Countess II FL) 

      Pipette the right number of cells into fresh medium in 25 cm2 or 75cm2bottles and plate 96 wells 

plates with 2000 cells per well                                                                       

    Incubation for 1 day at 37 ֯ C 5% CO2 for 96 wells plates or for up to 4 days to reach 70-80 % confluency 

for the fresh pool of cells based on the time planed for the next assay 

 

               A schematic protocol for sub culturing the cells and cell plating for AlamarBlue® viability assay                                                                                             
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7.2.1 Reagents 

   

Dulbecco Modified Eagle Medium 42430-025 with high glucose and L glutamine, with red phenol as a 

cellular metabolism indicator dye was used as a growth medium for the human epithelial intestinal cells 

CCL-241(FHs 74 Int cells) supplemented with bovine Insulin I5500 Sigma/Aldrich A/S Vallenbæk Strand, 

Denmark, human recombinant EGF Austral Biologicals San Ramon CA, USA, FCS 10% -South America DE 

14-801F, NCTC-135 41350-26 with L-glutamine, Invitrogen A/S, non-essential amino-acids 100x 11140-035 

Invitrogen A/S and oxaloacetate (O-7753 Sigma Aldrich A/S) together with the same supplements as for 

IEC-6 cells but in different quantity (Glutamax 100x 35050 200mM, Na-pyruvate and PenStrep P-0781-

antibiotic solution). 

PBS with and without calcium and magnesium and trypsin with EDTA were the same as for the other cell 

line used for the study. 

The dilution-treatment medium contained lower insulin (Insulin I 5500 0.I mg/ml) and EGF human (5 

ng/µl) and no FCS compared with growth-pre-treatment medium (Insulin I 5500 1 mg/ml, EGF human 50 

ng/µl). 

The laminar flow bench was used for the experiments, alcohol 70% to spray on the surfaces, 75 cm2and 

25cm2plastic cell culture bottles and vacuum aspirator for the cell culture and 37 ֯C and 5% CO2 incubator. 

Disinfection of the flow bench and incubator was performed one a month for safety consideration 

considering working with cells and to avoid a possible contamination. 

AlamarBlue dye 1/10 diluted using PBS with Ca2+ and Mg2+ salts were used for cell viability assay, reading 

the plates on Envision Multilabel Reader Perkin Elmer after one hour. Excel and SAS 94 were used for the 

data interpretation using PROC MIX model. 
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7.2.2 Plating and dilution schema  

 

 

Table 8 Whey dilutions samples used as treatment for the FHs 74 Int cells, the dilutions were plated in 4 

replicates for each of them and for calculation an average was considered 

NC =DM,PC1 = GM,PC2 = DM + FCS 10% 

 

concentration amount Dilution media amount 

10% 250µl FCS/mare whey sample 2250µl  

5% 1000µl 10% 1000µl 

2,5% 1000µl 5% 1000µl 

1% 250µl 10% 2250µl 

0,5% 1000µl 1% 1000µl 

0,25% 1000µl 0,5% 1000µl 

0,1% 250µl 1% 2250µl 

0,05% 1000µl 0,1% 1000µl 

0% = negative control  1000µl 
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Plate 1 

 

An example of a plate – using one from the total 6 whey milk samples 

 1 2 3 4 5 6 7 8 9 10 11 12 

A    H2O   H2O      

B 
 

NC 0,05% 0,1% 0,25% 0,5% 1%  2,5% 
5% 10% PC1 

 

 

C  NC 0,05% 0,1% 0,25% 0,5% 1% 2,5% 5% 10% PC1 H2O 

D H2O NC 0,05% 0,1% 0,25% 0,5% 1% 2,5% 5% 10% PC1  

E 
 NC 0,05% 0,1% 0,25% 0,5% 1% 2,5% 5% 10% PC1  

F 
 PPC2 PC2 PC2 PC2   H2O     

G             

H             

Whey samples dilutions plated in 96 wells 2000 cells/100ml/well, 2 positive controls and 1 negative control, 

negative control was used to check the results 

 

 

7.3 Cell migration – scratch wound assay 

 

Wound healing model using 2D monolayer of rat epithelial intestinal cells (IEC-6 cell line P13 to P20) was 

done 2 times using this cell line using the two times of milk sampling, the same as for the cell viability 

assay. The migration distance was measured after performing the scratch of the cell culture monolayer as 

time point 0 and adding the whey dilutions (0,5%, 1%, 5% and 10%) and after 6 hours of incubation with 



61 
 

the dilutions (37 ֯C, 5%CO2). This wound healing model is a simple reproducible and non-expensive test for 

intestinal cell migration model. 

Having the cells sub cultured and counted like described earlier (IEC-6 cells), 27 x 104 cells (1ml of cells, dilution medium 

and BSA 10%) in each well of 12 wells plates (Nunclon Delta surface 150628 Thermo Scientific) were used for this assay. 

Concentration of 10%, 5%, 1% and 0.5% were done by diluting the whey samples with culture medium without FCS and 

10% bovine serum albumin (BSA) and incubated with the cells for 24 hours in duplicate. The wells were marked with 4 

lines in two different colours to simplify the counting. Eight measurements correspond for one well and one picture. The 

positive control was growth medium with 10% FCS and the negative control was growth medium without FCS (dilution 

medium). 

The scratch was done in each well using a 10 µl pipette tip and pictures (photomicrographs) were taking using a camera 

Leica digital camera (DFC 4500-00550003316) connected with an inverted microscope (Leica DMIL) immediately after the 

surface scratch and 6 hours after adding the whey treatment in order to calculate the migration length after the whey was 

added knowing that for wound healing is necessary some hours for the epithelial cell proliferation to the wound site to 

clear the superficial interrupted epithelial intestinal cell barrier.  

 

 

Figure 1 The representation of one well with two consecutive measurement area with 4 

measurements for each area. The blue line represents the scratch line right in the middle of the well 

corresponding to a further cellular migration. 
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0 h                                                                                                                        6 h

 

Figure 2 Example of one of the wells at 0 and 6 hours after adding the diluted whey treatment and the scratch, 

each well had 8 measurements of the length line of cells migration 

 

Using LAS V4.9 by Leica Microsystem software, the measurements for every each well of the 12 wells plates 

was assessed with 8 measurements of the line length in µm per well for both time frame 0h after the 

treatment ad and the scratch is performed and after 6h of incubation at 37 ֯ C and 5% CO2. 

Microsoft excel was used to get the data namely the measurements of the difference of lengths (migration 

length) and plot the graphs and SAS version 9.4 for statistical analyses of the data in a proc mixed model. 

 

 

   7.3.1 Reagents 

 

 

The 12 wells plates were used for the scratch wound healing assay pre-seeded with 270.000 cells in each 

well. 

Growth medium used as a pre-treatment for scratch wound assay on IEC-6 cells was the same as for the 

IEC-6 cell proliferation assay – DMEM 11960-044, 10% FCS – South America DE 14-801F, 0.44% Sodium 
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pyruvate 11360-+39 100 mM, 0.88% Pen Strep P3539, 1% Glutamax 100X 35050. The dilution medium is 

having been used together with the treatment to check the IEC-6 cells migration effect of the whey of 

mare milk supplemented with 10% bovine serum albumin (BSA A1662). The concentration range of the 

treatment medium and whey of mare milk was 0.5%, 1%, 5% and 10% in duplicate. The positive and 

negative control was added for having the quality control of every assay supplemented with 10% bovine 

serum albumin (BSA). 

 

 

 

   7.3.2 Plating and dilution schema  

 

Table 9 Whey dilutions samples used as treatment for the IEC-6 cells, the dilutions were plated in 2 

replicates for each of them and for calculation an average was considered 

 

 

 

 

 

 

 

 

 

The dilutions are ready for plating after they get mixed with BSA 10%, namely 2450 µl of both dilutions 

and controls and 50 µl BSA 10%. Furthermore, they get warmed in the heating cabinet at 37 ֯ C before 

plating them on the cells. 

 

 

 

 

Conc. % Amount whey Amount dilution media 

10 500µl mare whey 4500µl 

5 1500µl mare whey 10%   1500µl 

1 300µl mare whey 10% 2700µl 

0,5 300µl mare whey 5% 2700µl 
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Plate 1 

 

An example of a plate – using one from the total 6 whey milk samples 

NC PC 0,5% 0,5% 

1% 1% 5% 5% 

10% 10% NC PC 

Whey samples dilutions plated in 12 wells 270.000 cells/100ml/well, 1 positive control and 1 negative 

control also in duplicates, negative control was used to check the results 

 

 

 

7.4 Cell viability using IEC-6 cells and whey of colostrum 

  

 

The whey of colostrum was prepared using exactly the same method as for the milk and for cell culturing, 

dilutions, plating and reading the plates it was indicated the same protocol as for the milk and IEC-6 cells. 

Fat was removed after the sample centrifugation. Casein was precipitated and discarded. Samples were 

analysed as neutralised acidic whey of colostrum as sterile filtrated vials kept at -80֯ C before usage. 
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                                                                               Colostrum 

                                                                                           Centrifugation 5000 x g  

                                                              Fat removal 

 

                                                                     Skimmed colostrum 

                                                                           Ultracentrifugation     9000 x g      

 

                                                          Whey of colostrum fraction + casein 

                                                                  Acid precipitation using 5M acetic acid  

                                                                                  pH 4.2 

 

                                                                        Acidic Whey fraction 

                                                                     Neutralisation using 3M potassium hydroxide  

                                                                                  pH 7.4 

                                                    Neutralised acidic whey colostrum of mares 

                                                                        Ultracentrifugation 9000 x g 

                                                                         Sterile filtration 

                                                                   Colostrum neutralised acidic whey vials 

                                                            kept at -80֯ C before usage 

 

IEC-6 cells monolayers were incubated with whey of colostrum from 5 mares (see Table 9 from the 

Appendix) in the same concentration range (dilutions 0.05%,0.1%,0.25%,0.5%,1%,2.5%,5% and 10%) for the 

same amount of time namely 3 days (which in vitro mimics the in vivo step of cell proliferation for the 

intestinal wound healing process (Sturm and Dignass, 2008)) as for the whey of mare milk samples and the 

results were rad on Envision Multilabel Reader 2103 Perkin Elmer to test the cell viability. Relative values of 

the means were calculated, controls were used in order to have correct assays all the time. 
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7.4.1 Reagents 

 

IEC-6 cells 5000 per well (96 wells plates) from DSMZ ACC 111, from passage 10 and 12 used after two 

consecutive pre-passages. 

The growth medium used was specific to IEC-6 cells and the same as the one used to check their viability 

using the whey of mare milk samples. DMEM 11960-044 supplemented with 10% FCS – South America DE 

14-801F, sodium pyruvate 11360-039 100 mM, PenStrep P0781 and Glutamax 100X 35050. Growth 

medium was changed every two days and it was used as positive control. Dilution medium is similar to 

growth medium but without FCS supplement. PBS with and without Ca2+ and Mg2+ salts for AlamarBlue 

dye dilution 1/10 and cells washing before adding the whey treatment and without salts for cells washing 

when passaging. Trypsin and ETDA it’s useful for the cells detachment from the plastic bottles when sub-

culturing (passaging). Trypsinization (2ml for a small 25 cm2 bottle and 4 ml for a big 75 cm2 bottle) for 2 

minutes at 37֯ C. Trepan blue dye was used to count the viable cells using Countess II. AlamarBlue dye 

1/10 diluted with PBS with Ca2+ and Mg2+ salts were used for the cell viability assay – reading the plates. 

For the dilutions of the whey of colostrum was used growth medium without FCS. Dilution medium was 

used as well as negative control for every assay. 

 

 

 

7.4.2 Plating and dilution schema  

 

Table 10 Whey colostrum dilutions samples used as treatment for the IEC-6 cells the dilutions were plated in 

4 replicates for each of them and for calculation an average was considered.  

Concentration Amount Dilution media amount 

10% 250µl FCS/mare whey sample 2250µl  

5% 1000µl 10% 1000µl 

2,5% 1000µl 5% 1000µl 

1% 250µl 10% 2250µl 
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0,5% 1000µl 1% 1000µl 

0,25% 1000µl 0,5% 1000µl 

0,1% 250µl 1% 2250µl 

0,05% 1000µl 0,1% 1000µl 

0% = negative control  1000µl 

Positive control = growth medium, Negative control = dilution medium 

 

 

Plate 1 

An example of a plate – using one from the total 5 whey colostrum samples 

 1 2 3 4 5 6 7 8 9 10 11 12 

A    H2O   H2O      

B 
 

NC 0,05% 0,1% 0,25% 0,5% 1%  2,5% 
5% 10% PC 

 

 

C  NC 0,05% 0,1% 0,25% 0,5% 1% 2,5% 5% 10% PC H2O 

D H2O NC 0,05% 0,1% 0,25% 0,5% 1% 2,5% 5% 10% PC  

E 
 NC 0,05% 0,1% 0,25% 0,5% 1% 2,5% 5% 10% PC  

F    H2O    H2O     

G             

H             

Whey colostrum samples dilutions plated in 96 wells, 5000 IEC-6 cells/100ml/well, 2 controls positive and 

negative control, negative control was used to check the results 
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7.5 Growth factors in mare milk and colostrum 

 

 

Given the fact that is an in vitro assessment of the whey of mare milk and colostrum, the composition of 

these two can be influential upon the cell viability / proliferation and migration of the used cell lines for 

the experiments. Growth factors play a fundamental role in both human and animal physiology and 

development. IGF-I, TGFβ1, TGFβ2 and EGF were the growth factors measured both in the late lactation 

mare milk and colostrum of mare milk. 

The laboratory assays used for determining the growth factors concentration in whey of mare milk and 

colostrum were TR-FIA (for IGF-I) and ELISA (for TGF-β1, TGF-β2 and EGF) and the plates reader was 

Envision Multilabel Reader 2103 by Perkin Elmer. Measurements were done in duplicate. 

TGF-β1 and TGF-β2 were quantify by Quantikine ELISA DB100 and DB250 R&D Systems, Minneapolis MN, 

USA using TGF-β1R II and a polyclonal specific antibody TGF-β1 and TGF-β2 antibody pre-coated 

microplates and TGF-β2 antibodies conjugated to horse-radish peroxidase. 
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8. Results  

 

 

Effect of whey of mare milk on IEC-6 cells viability  

 

 

All of the figures are correspondent with the relative values of the results of cell viability from all of 6 

samples for both time milking. All of the whey samples showed an increase in cell viability of IEC-6 cells 

compared with the negative control which is considered to have no effect. This is a positive effect of the 

whey of mare milk on IEC-6 cell line viability in vitro. No negative effect (inhibition of IEC-6 cells viability) 

was observed. 

Ten percent concentration (P< 0.0001) of the whey of mare milk for the first time milking increased IEC-6 

cell viability with up to 110% (sample no. 2 and 3) to 120% (sample no. 1). Ten percent of whey of mare 

milk from sample no. 4 increased cells viability with 100% during the first-time sampling. Samples no. 7 

and 5 had an increase of cells viability with 40% and 60% respectively. Sample no. 5 and 7 gave cellular 

viability stimulation effect using a different range of whey concentration during the first-time milking. 

Ten percent concentration (P< 0.0001) of the whey of mare milk for the fourth time milking samples 

increased IEC-6 cell viability with 30% (sample no.5) to 100% (sample no. 1) (see table 11 from the 

Appendix). 

Sample no. 1 gave the maximum increasing viability effect on IEC-6 cells using 10% concentrated whey 

fraction for both time milking (100-120%) compared with the negative control (P< 0.0001). Sample no. 2 

(110% - 90%), 4 (100% - 80%) and 3 (110% - 60%) followed closely sample no. 1 based on cell viability 

enhancement compared with the negative control. Sample no. 7 had the minimum increasing viability 

effect on IEC-6 cells using 10% concentrated whey of mare milk of 40% first time milking and 70% for the 

fourth time milking (P< 0.05) compared with the negative control. Sample no. 5 had a 60% increasing 

viability effect on the same cell line using 10% whey (P< 0.0001) and down to a half, namely 30% viability 

increasing on the IEC-6 cell line the fourth time milking compared with the negative control. Sample no. 7 

had a 30% increasing of the cell viability the fourth time milking compared with the first time compared 
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with the negative control. Samples no. 1, 2 and 4 for the fourth time milking increased the cellular 

viability of IEC-6 cells line 20% less than the first time and sample no. 3 with 50% respectively compared 

with the negative control. The only sample which gave an increase of cell viability greater for the fourth 

time milking than the first time was sample no. 7 compared with the negative control (see table 11 from 

the Appendix). 

Almost all the whey samples (except sample 5 and 7) have doubled IEC-6 cell viability in concentration of 

10% (P<0.0001) compared with the negative control (see table 11 from the Appendix). 

If a mean of both milk samples is considered, then, sample no. 5 and 7 showed an increase of cell viability 

for around 50% and sample no. 1, an 110% increase compared with the negative control. 

 

Statistical analyses have been done using SAS 9.4, a PROC MIXED DATA model for cell viability using both 

cell lines, IEC-6 and FHs 74 Int with CLASS assay time sampleid conc. replicate; MODEL relviab= time conc 

conc.*time/PDIFF=all adjust= tukey; Where sampleid=1,2,3,4,5,7.  
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Figure 3 Effect of 6 whey of mare milk samples on cell viability of IEC-6 cells. Results are from 3 experiments 

with 4 replicates showed as mean values ± SEM relative to the negative control. Different lowercase letters 

show significant differences from the negative control at P < 0.05 

 

For sample no. 1 during the first-time milking, the cell viability stimulation had an ascending growth 

compared with the negative control with a relative value from 1 (NC) to 2 (10% whey) so a growth of cell 

viability of 100%. Whey of mare milk from the first sample on both time milking, have doubled the cells 

viability of rat small intestinal cell line. During the fourth time milking, the ascending growth of cell 

viability of IEC-6 cells was more regular and linear compared with the first-time milking sample using the 

whey concentration range from 0.05% to 10%. Both time frames stimulated the cell viability for up to a 

mean of 110% when using a concentration of 10% whey.  

 

 

 

Figure 4 Effect of 6 whey of mare milk samples on cell viability of IEC-6 cells. Results are from 3 experiments 

with 4 replicates showed as mean values ± SEM relative to the negative control. Different lowercase letters 

show significant differences from the negative control at P < 0.05 
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Whey of mare milk (from 0.05% - to 10%) increased rat epithelial cell viability compared with the negative 

control by using the second sample. A concentration of 1% whey gave also a doubled cell viability by using 

sample no.2. Concentrations of 2.5% and 5% were having closer to 100% (doubled) cell viability 

enhancement effect. A concentration greater than 0.5% whey of mare milk increased the cellular viability 

with almost 100% the first-time milking. The fourth time sampling milk had an upward growth effect of 

cell viability with a plateau of 80% growth compared with the negative control at 2.5% to 10% whey.  

 

 

 

Figure 5 Effect of 6 whey of mare milk samples on cell viability of IEC-6 cells. Results are from 3 experiments 

with 4 replicates showed as mean values ± SEM relative to the negative control. Different lowercase letters 

show significant differences from the negative control at P < 0.05 

 

A concentration greater than 0.5% whey of mare milk from sample no. 3 had a cell viability growth of 90% 

for the first-time milking. Fourth time milking using sample no. 3 had a plateau of 60% growth of cell 

viability with 5 to 10% whey fraction. 
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Approaching the doubling of the cell viability growth with increasing the concentration of the whey of 

mare milk was seen for almost all of the 6 samples (except sample no. 5 and 7). 

 

 

Figure 6 Effect of 6 whey of mare milk samples on cell viability of IEC-6 cells. Results are from 3 experiments 

with 4 replicates showed as mean values ± SEM relative to the negative control. Different lowercase letters 

show significant differences from the negative control at P < 0.05 

 

Whey of mare milk greater than 0.5% approached doubled cell viability growth on IEC-6 cell line using 

sample no. 4. First time milking whey showed an irregular upward growth of cellular viability compared with 

the fourth time milking which had a steadier growth with increasing the whey concentration on the cells. 
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Figure 7 Effect of 6 whey of mare milk samples on cell viability of IEC-6 cells. Results are from 3 experiments 

with 4 replicates showed as mean values ± SEM relative to the negative control. Different lowercase letters 

show significant differences from the negative control at P < 0.0001 

 

First time milking whey samples (1% to 10% whey) had a lower and steadier growth effect on the rat 

intestinal epithelial cells then the rest of the samples reaching a plateau of 60 % growth. Concentration of 

0.05% and 0,1% whey of mare milk sample 5 had no effect on the cells.  

Concentration of 0.25% and 0.5% whey had only 10% increase of the cell’s viability. A value of a half of this 

growth was showed with the whey of milk sample from the fourth time milking. 
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Figure 8 Effect of 6 whey of mare milk samples on cell viability of IEC-6 cells. Results are from 3 experiments 

with 4 replicates showed as mean values ± SEM relative to the negative control. Different lowercase letters 

show significant differences from the negative control at P < 0.001 

 

A plateau of 40% of increased cell viability was reached by the whey of sample no. 7 on the first-time 

milking sampling and a 60% increase of the cell viability was showed during the second assays using the 

fourth time milking sample. 

First time milk had a slower and lower increase of the cell viability compared with the fourth time and 

with the rest of the samples except sample no 5 which had a slower and lower growth the first time. 

 

Can be considered that samples no. 5 and 7 mirror each other with the increase cell viability of IEC-6 cell 

line but with a reversed time frame for first- and fourth-time milk sampling. 
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Effect of whey of mare milk on FHs 74 Int cells viability  

 

 

As for the cell viability assay using human epithelial intestinal cells (FHs 74 Int cell line), the results 

showed a close resemblance to that using IEC-6 cell line but way much greater cell viability increase from 

20% for 0.05% whey for one of the samples to 210% for 10% whey and 250% 5% whey for another one of 

the samples. In the case of human intestinal epithelial cell line, the viability increased with up to 250% so 

3 ½ time compared to negative control (P<0.0001). 

This is an almost triple effect on cell viability of the intestinal cell line after 3 days of cellular incubation of 

the 10% whey fraction samples (mean of 172.45 %). 

 

 

 

  

Figure 9 Effect of 6 whey of mare milk samples on cell viability of FHs 74 Int cells. Results are from 3 

experiments with 4 replicates showed as mean values ± SEM relative to the negative control. Different 

lowercase letters show significant differences from the negative control at P < 0.0001 
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Sample no. 1 had a greater increase cell viability for the fourth time sampling compared to the first time. An 

increase of up to 180% was showed for 10% whey for the fourth time sampling and 160% for 10% whey for 

the first-time sampling. 

 

  

Figure 10 Effect of 6 whey of mare milk samples on cell viability of FHs 74 Int cells. Results are from 3 

experiments with 4 replicates showed as mean values ± SEM relative to the negative control. Different 

lowercase letters show significant differences from the negative control at P < 0.0001 

 

Sample no. 2 started to show a great increase of the cell viability using 0.5% - 10% whey fraction on the 

both time sampling but more for the first-time sampling. An increase of 250% cell viability was seen by 5% 

whey fraction, 240% by 10% whey on the first sampling and 180% for 5% and 10% whey fraction for the 

fourth time sampling. 

The fourth time sampling had a much lower increase effect on the human intestinal epithelial cell line 

compared with the first-time sampling. 
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Figure 11 Effect of 6 whey of mare milk samples on cell viability of FHs 74 Int cells. Results are from 3 

experiments with 4 replicates showed as mean values ± SEM relative to the negative control. Different 

lowercase letters show significant differences from the negative control at P < 0.0001 

 

Sample no. 3 showed a cell viability increased with 40% to up to 180% first time sampling and 30% to up to 

80% for the fourth time sampling.  

The fourth time sampling had a much lower increase effect on the cell viability using the whey of mare milk 

fraction. 
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Figure 12 Effect of 6 whey of mare milk samples on cell viability of FHs 74 Int cells. Results are from 3 

experiments with 4 replicates showed as mean values ± SEM relative to the negative control. Different 

lowercase letters show significant differences from the negative control at P < 0.05 

Sample no. 4 showed a more linear increase of the cell viability compared with the first three samples on 

both time sampling. A peak of 200% (triple effect) was seen on the fourth time sampling for 10% whey 

fraction. The fourth time sampling had a sharper increase of the cell viability of the 10% whey then the first-

time sampling yet in general the cell viability increased lower and slower than the first-time sampling. Both 

time sampling had a plateau of low and steady increase for the less concentrated whey dilutions (0.05% - 

0.5%). This plateau was seen as well for the other first 3 samples. 
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Figure 13 Effect of 6 whey of mare milk samples on cell viability of FHs 74 Int cells. Results are from 3 

experiments with 4 replicates showed as mean values ± SEM relative to the negative control. Different 

lowercase letters show significant differences from the negative control at P < 0.05 

 

The pattern of a plateau of low and steady increase of cell viability for less concentrated whey was kept 

for sample no. 5 (0.05% - 0.5% whey with 20% - 40% increase) for both time sampling. From 1% to 10% 

whey the cell viability increased from 60% to up to 170% (first time sampling) 150% (fourth time 

sampling). 
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Figure 14 Effect of 6 whey of mare milk samples on cell viability of FHs 74 Int cells. Results are from 3 

experiments with 4 replicates showed as mean values ± SEM relative to the negative control. Different 

lowercase letters show significant differences from the negative control at P < 0.05 

 

Concentrations of 0.05% to 0.5% whey from sample no.7 showed a steady low increase of cell viability of 

20% to 50% for both time sampling. First time sampling had peaks of 210% increase of 10% whey and the 

fourth time sampling 140% increase of 10% whey fraction. The triple effect of 10% whey is showed on the 

first-time sampling. A mean of 175% increase of cellular viability can be observed for 10% whey on the 

both time sampling. 

Concentrations of 2.5%, 5% and 10% whey gave a greater cell viability (more than double) first time 

sampling than the fourth time. 
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Effect of whey of mare milk on IEC-6 cells migration 

 

 

The figures are correspondent with the average values of the results of cell migration from all of the 6 

samples for both time sampling. Both time sampling was analysed twice with 2 replicates and average 

values of the migration length ± SEM was used to evaluate the migration of the IEC-6 after 6 hours of 

incubation with the whey of mare milk in concentration of 0.5%,1%,5% and 10%. 

Sample no.3 represents a mare of 15 years old, at its 6th lactation time, days 117 and 179 respectively 

after foaling. As for sample no.4, the oldest mare from the group, 17 years old and 3rd lactation time, 

migration of the intestinal cells was increased by 20% using a dilution of 5% whey of mare milk (not 

significant increase). Sample no.7 represented by the whey of the youngest mare from the group (4 years 

old, first lactation) showed an increased migration of the rat enterocytes cultured in monolayers of 70% 

at 122 days postpartum and 40% at 178 days of lactation (P<0.05). 

Statistical analyses have been done using SAS 9.4 PROC MIXED DATA model with CLASS assay time 

sampleid conc replicate; MODEL relmigration= time conc time*conc./SOLUTION influence OUTPM=stat; 

RANDOM=assay; LSMEANS time conc conc*time/PDIFF=all adjust=tukey; Where sampleid=1,2,3,4,5,7. 
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Figure 15 Effect of 6 whey of mare milk on migration of IEC-6 cells. Results are from 2 experiments with 2 

replicates showed as average values ± SEM relative to the negative control. Different lowercase letters show 

significant differences from the negative control at P < 0.05 

 

The whey fraction of the first sample in concentration of 5% increased the migration of the cells with 50% on 

both time sampled milk. A concentration of 0.5% had almost a similar trend with the 5% whey fraction. One 

percent whey gave a cell response migration in the wound after 6 hours of 20% increase during the both 

time sampled milk. The maximum concentration of 10% whey in sample no 1 increased cells’ migration after 

6 hours with 40% the first-time sampled milk and a half less, 20% after 2 months on the fourth time milk 

sampled of the horse milk during late lactation. 

 

 

Figure 16 Effect of 6 whey of mare milk on migration of IEC-6 cells. Results are from 2 experiments with 4 

replicates showed as mean values ± SEM relative to the negative control. Different lowercase letters show 

significant differences from the negative control at P < 0.05 

 

 

Both time milk sampling had 0.5% and 1% whey inhibitory effect on IEC-6 cells in intestinal wound healing 

in vitro cell model. The whey fraction in concentration 5% and 10% increased the cell migration with 30% 
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and 40% for the first-time milk sampled but at the second time cellular migration was inhibited with 10% 

for 0.5%, 1% and 5% whey. 

 

 

 

Figure 17 Effect of 6 whey of mare milk on migration of IEC-6 cells. Results are from 2 experiments with 4 

replicates showed as mean values ± SEM relative to the negative control. Different lowercase letters show 

significant differences from the negative control at P < 0.05 

 

 The whey of the third mare milk sample in concentration of 5% increased the cell migration with 110 % 

during the first-time milk sampling (more than double positive effect). First time as well, 10% of the whey 

of sample 3 stimulated the cell migration with 90%. The fourth time milk sample increased the cell 

migration with minimum 10% (0.5% whey) and maximum 60% (1% whey) and 40% for both 5% and 10% 

whey fraction. One percent whey of sample 3 increased cell migration of IEC-6 cells with 20% on the first-

time sampling and 60% on the fourth time sampling. Whey 5% had the maximum effect on cell migration 

after six hours, in average 75%, so more than a half, compared with the negative control. The wound 

between the intestinal epithelial layer became smaller with a half of the length of the wound in six hours 

after the whey treatment on the cells. 
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Figure 18 Effect of 6 whey of mare milk on migration of IEC-6 cells. Results are from 2 experiments with 4 

replicates showed as mean values ± SEM relative to the negative control. Different lowercase letters show 

significant differences from the negative control at P < 0.05 

 

First time milk sampled increased the cell migration process with up to 20% due to a whey concentration 

of 0.5% and 5%. Fourth time milk sampled increased the cell migration with 20% only due to a whey 

concentration of 5% and no effect was seen by using 0.5% and 1% whey. First time milk sampled of 1% 

and 10% whey fraction had no effect on the IEC-6 cell migration after 6 hours. Five percent of whey of the 

sample 4 had the constant increase of cell migration of 20% for the time frame of sampling as for 1% 

whey had no effect on cell migration for the time frame of sampling. 
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Figure 19 Effect of 6 whey of mare milk on migration of IEC-6 cells. Results are from 2 experiments with 4 

replicates showed as mean values ± SEM relative to the negative control. Different lowercase letters show 

significant differences from the negative control at P < 0.05 

 

As for sample 5, first time sampling of 10% whey increased cell migration with 20% and 1% with 10% and 

5% was neutral, with no effect. Concentration of 0.5% whey inhibited the cell migration with 10%. 

Fourth time milk sampled of mare milk number 5 had 10% whey the most active for the migration of rat 

intestinal cell line, increasing the cell migration after 6 hours with 60%. All 4 concentration of the whey of 

mare milk 5 had an increase of cell migration during the fourth time milk sampled. The fourth time milk 

sampled had a better effect on intestinal cell migration compared with the first time with 2 months 

before. 
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Figure 20 Effect of 6 whey of mare milk on migration of IEC-6 cells. Results are from 2 experiments with 4 

replicates showed as mean values ± SEM relative to the negative control. Different lowercase letters show 

significant differences from the negative control at P < 0.05 

 

 

Sample 7 had the whey second most effective (after sample 3) for helping intestinal cellular migration in 

the cell model of scratch wound healing model. Ten percent of the way had increased the wound healing 

with 70% after 6 hours during the first-time milk sampled (the only significant increase) and 30% on the 

fourth time and 0.5% and 1% on both time frame sampling close the wound by increasing the cell 

migration with 20%. 
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Effect of colostrum of mare milk on IEC-6 cells viability  

 

Samples 2 and 3 had a steady upward increase effect on IEC-6 cells viability in vitro for maximum 260% - 

280% (5%, 10% whey) from 100%, 120% (0.05% whey). For sample 1, 0.25% to 5% whey increased rat 

enterocyte (IEC-6) viability with up to 310% - 300% (fourth time effect). Five percent doubled the cell 

viability and 10% whey inhibited cell viability with 40%. Sample 1 was the only one from all 5 colostrum 

samples which inhibited IEC-6 cell viability in vitro. Sample 4 had a constant increase of cell viability for up 

to 320% (fourth time effect) and sample 5 had the greatest cell viability stimulation for up to 630% (7 

times more viable cells compared with the negative control). 

Statistical analyses has been done using SAS 9.4 , a PROC MIXED DATA with CLASS sampleid assay conc 

replicate; MODEL reviab=conc/SOLUTION influence OUTPM=stat; RANDOM=assay; LSMEANS 

conc/PDIFF=all adjust=tukey; Where sampleid=1,2,3,4,5. 

 

 

Figure 21 Effect of whey of 5 mare colostrum samples on cell viability of IEC-6 cells. Results are from 2 

experiments with 4 replicates showed as mean values ± SEM relative to the negative control. Different 

lowercase letters show significant differences from the negative control at P < 0.0001 

The minimum effect on cell viability had 5% whey from colostrum sample 1, double increased the number 

of viable cells (100%). Concentration of 0.25% and 0.5% whey of colostrum had a maximum cell viability 
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increase by 310% (fourth time effect). Ten percent whey of colostrum inhibited cell viability by 40%. If 

increased from 1% to 5% concentration, the whey of mare colostrum started to have a lower cell viability 

compared with the lower concentrations of it (0.05% - 0.5%). 

 

 

Figure 22 Effect of whey of 5 mare colostrum samples on cell viability of IEC-6 cells. Results are from 2 

experiments with 4 replicates showed as mean values ± SEM relative to the negative control. Different 

lowercase letters show significant differences from the negative control at P < 0.0001 

 

Whey 0.05% concentrated from sample 2 increased the cell viability with 100% (double effect) which was 

minimum and 10% concentrated. No inhibition of viable cells was seen for this sample. Whey with a 

concentration of 0.5% and 1% had a 200% increase of cell viability (triple effect). 
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Figure 23 Effect of whey of 5 mare colostrum samples on cell viability of IEC-6 cells. Results are from 2 

experiments with 4 replicates showed as mean values ± SEM relative to the negative control. Different 

lowercase letters show significant differences from the negative control at P < 0.0001 

 

Ten percent of the whey of colostrum 3 had the same increase of cell viability with the second sample (260% 

increase) (triple plus effect). Cell viability increased when the whey concentration increased from 0.05% 

(110% increase) to 10% whey (260% increase). 

Figure 24 Effect of whey of 5 mare colostrum samples on cell viability of IEC-6 cells. Results are from 2 
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experiments with 4 replicates showed as mean values ± SEM relative to the negative control. Different 

lowercase letters show significant differences from the negative control at P < 0.0001 

 

One percent whey of colostrum sample 4 increased the cell viability with 320% (fourth plus effect) and 0.1% 

concentration of whey with 300%. Less concentrated whey of colostrum gave a greater effect. Ten percent 

whey had 200% increase of the viability of the cell line. No inhibitory effect was seen in the case of this 

sample. 

 

Figure 25 Effect of whey of 5 mare colostrum samples on cell viability of IEC-6 cells. Results are from 3 

experiments with 2 replicates showed as mean values ± SEM relative to the negative control. Different 

lowercase letters show significant differences from the negative control at P < 0.0001 

 

The same pattern with lower concentrated whey of colostrum which greater increased the cellular 

viability was the case for sample 5. Cell viability increased from 0.05% concentrated whey 360% increase, 

to 2,5% whey of 630% increase with reducing the cell viability increase for 5% whey and 10% 

concentrated whey to 390% and 170% respectively.  
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Growth factors’ measurement and their possible effect on cell migration and proliferation 

 

IGF -I ranged from 4.8 ng/ml to 9.4 ng/ml first time and from 7.7 ng/ml to 10.5 ng/ml the second time 

sampling. Greater values for IGF-I the second time later in lactation have been seen. The lower values were 

for samples 2 and 4 and the highest for 5 and 7 in both cases (milk sampling 1 and 4). The growth factors 

presence is independent of age and lactation time and number. 

TGFβ1 and TGFβ2 was less than 30 pg/ml for all the 6 mares for both milk sampling and EGF < 25 pg/ml for 

the whey of mare milk at both time points of lactation (see Table 28 and 29 from the Appendix). 

However, colostrum had the highest amount of growth factors. IGF-I in colostrum ranged from 11.4 ng/ml 

(H2) up to 106 ng/ml (H3). TGFβ1 had a lower range than IGF-I in colostrum, from 2.9 ng/ml (H1) to 6.2 

ng/ml (H3). TGFβ2 was again highest 6.2 ng/ml for H3 and the lowest 1 ng/ml for H5. In the case of EGF, 

which showed very low values, the highest one was for H4 543 pg/ml and for the rest less than 63 pg/ml (for 

the whole overview of these growth factors in colostrum see Table 30 in the Appendix). 

 

 

 

9. Discussion and conclusion 

 

 

The choice of using IEC-6 cell culture monolayer for this study came because of the need to have a robust 

and replicable model to test for specific cellular endpoints like intestinal cell viability and proliferation 

along with integrity of the 2D monolayer in the case of wound healing mimicked scratch model. The 

choice proved to be scientifically reliable to stress out the importance of bioactive peptides from the 

whey fraction of mare’s milk for the intestinal barrier of epithelial cell lining. The need of using FHs 74 Int 

human epithelial intestinal cells came because it can create a view about the importance of mare milk for 

human health opening a path of future scientifically studies and research in this particular field using and 

marketing mare milk and its products as a food niche product. 
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Some characteristics of IEC-6 cell line is worth of mention considering the fundamental of laboratory tests 

used for the current study. They represent a mix of proliferating (crypt region) cells and differentiated 

non-proliferating cells (villus region). Crypt intestinal cells when matured, develop a brush border at the 

luminal side and a columnar shape. These cells are growing in monolayers showing their epithelioid trait, 

have a polygonal shape with microvilli, Golgi apparatus and tight junction as ultrastructure. With a diploid 

karyotype, they develop growth inhibition when seeded too dense hence they have a good adherence on 

the plastic wall of the bottle and a good covering when plated dense enough. They are cultured by 

incubation at 370 C with low CO2 5% (Quaroni et al., 1979). 

FHs 74 Int cells are human small intestine cells (ATCC® CCL241™) from normal tissue, non tumorgenic, 

with expressed EGF receptor, negative for keratin by immunoperoxidase staining. Similar to IEC-6 cells 

but a longer shape and with special culturing conditions regarding the growth medium composition 

(insulin and EGF addition) (see the cells in the Appendix Figure 46 and Figure 47).  

Both epithelial cell lines were having a positive effect in contact with the whey fraction of mare milk. 

The positive effect on intestinal cell viability of the whey bioactive fraction of mare milk can of course be 

further studied using more complicated cell models and algorithms but the main idea is that the bioactive 

peptides enclosed in the whey fraction in vitro give a proliferative effect of the epithelial intestinal layer 

necessary for the gut physiology and metabolism. In the case of diseases and intestinal dismicrobism which 

affects the human intestinal barrier cell viability enhancement it is of course very important. Growth factors 

alone couldn’t explain this effect and of course they are not present only those growth factors analysed in 

this study present in the mare milk or colostrum composition.  

A database for bovine milk bioactive peptides already exists and its biological functions are diverse and 

treated individually (Nielsen et al., 2017b). 

Rat small intestine epithelial cell line (IEC-6) were used in a cell-based model for proliferation and wound 

healing together with different bovine whey protein powder made as casein enzymatic hydrolysates 

(Purup et al., 2018) with stimulation of migration and cell proliferation in low concentration as effect for 

the casein hydrolysates showing the importance of casein digestion for releasing the functional bioactive 

substances from the milk. 
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For the first time (in this study) the whey fraction of mare milk and colostrum was tested in vitro to check 

the viability of intestinal epithelial cells in culture monolayers and it opened the perspective of 

investigation of mare milk properties. 

For all 6 horses the tendency is to enhance the cell viability (from 30% to up to 120-100%) for both sets of 

samples (time 1 and 4) after 3 days of incubation with the whey of mare milk. This is showing the fact that 

rat epithelial cells viability is enhanced by the components of the whey of mare’s milk from the mid to 

late lactation. However, milk was sampled not so early during lactation but IEC-6 cells showed an 

increased viability in contact with different concentrations of the whey solution. 

The importance of using human intestinal cells for in vitro studies using active whey of mare milk draw 

the line of the positive role of mare milk both in human intestinal health and for neonatal to infancy 

development of the human intestinal barrier. 

Cell viability was stimulated more than 3 times after 3 days of incubation of human intestinal epithelial 

cell line with one of the whey of mare milk. As in general, a mean for all 6 whey of mare milk samples 

gave for the first time sampling a peak of 186.6 % increase of cell viability and for the fourth time 

sampling a peak of 158.3 % increase of the cell viability (see Table 25 in the Appendix). 

In general, all six-sample increased cellular migration compared to the negative control. For the first time 

milking, sample 1 and 2 gave 40% increased migration at 10% dilution of the whey samples (not 

significant increase). The peak was 110% for the first-time sampling and 60% for the fourth time sampling. 

Concentrations of 5% and 10% whey gave the maximum increase of the cell migration in general.  

Sample no. 2 concentration 0.5% and 1% (first time sampled milk) and 0.5%, 1% and 5% (fourth time 

sampled milk) had 10% inhibitory cell migration effect. First time sampled milk no. 5 concentration 0.5% 

had 10% inhibitory effect on cellular migration of the rat small intestinal epithelial cells. 

Sample no.4 - 1% for both time sampled milk had no effect on the IEC-6 cell migration in the in vitro cell 

model of scratch wound healing. Sample 5 5% had no effect on migration of IEC-6 cells in the cell model 

of cellular migration after 6 hours of cellular contact with the whey of mare milk. Almost none of the 

results was significant compared with the negative control except for the 10% first time sampled milked 

no.7 which increased cells’ migration with 70% (P<0.05).  

Mares being used in this present study were not of a significant representative or great number neither 

represent a group of age or dairy specialised horses, but their late lactation milk being analysed as 



95 
 

neutralised acidic whey showed wound healing properties and enhanced proliferation of the intestinal 

epithelial cells important in mucosal wound healing and in the studies of human intestinal inflammation. 

Other cell culture scratch models had been used in the literature, important for the study of pathogenesis 

of inflammatory bowel diseases for drug research and development, for example in Turkey 2017 (Erol et 

al., 2018). 

Additional in vitro inflammatory conditions were created using Cytomix (TNFα, IFNγ, IL-1β) and LPS and 

cell migration was photomicrograph from 2 to 2 hours up to one day. Nitric oxide synthase 2 (iNOS) and 

cyclooxygenase-2 (COX-2) protein expression confirmed the inflammation.12 h serum starvation was 

used to stop the cell proliferation. After scratching 75 cm2 bottles were incubated with LPS and Cytomix 

for another 12 hours, supernatants cell lysates after cold and detergent treatment were measured at 

spectrophotometer (Erol et al., 2018). 

The present study didn’t have the purpose of showing a cell model for wound healing for the perspective 

of pharmaceutical industry but testing an intestinal wound healing model using whey of mare milk to 

show the complexity of mare milk as a functional food and the consecutive positive impact of consuming 

it for human health. 

The cell culturing didn’t require a cell proliferation inhibition step because the cells were prior twice 

washed with PBS with Ca2 and Mg2 to extract the traces of FCS from the cell supernatant. However, IEC-6 

cells were cultured and incubated for 24 hours before adding the treatment and performing the scratch 

until they got just enough confluent and covered evenly the bottom of the plastic cell culture bottle and 

avoided the contact inhibition when plated too dense.  

Migration of the cells is time restricted to hours (this study considered 6 hours) because the intestinal 

epithelial layer in case of small injuries needs minutes to hours for the phase of cell migration before cell 

proliferation and maturation which takes days and weeks (Sturm and Dignass, 2008). 

Human intestinal cell viability is regulated by Wnt - β catenin signalling pathways and p38 is a necessary 

ligand for the EGF stimulation of cell migration and proliferation (intestinal restitution) within a MAPK 

signalling pathway. P38 activation in conjunction with EGF switch the intestinal restitution from 

proliferation of the cells to migration. The intestinal balance is kept through these pathways of cellular 

signalling and different ligands modulation or antagonists (DKK-1 for Wnt β catenin pathway) can 

influence the wound healing process and intestinal epithelial cell viability (Koch et al., 2009, Frey et al., 
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2004). Considering the fact that 10% whey of mare milk stimulated cell viability on both epithelial 

intestinal cells line and IEC-6 migration in general, in the case of the whey of colostrum it was unusual to 

observe a 10% whey of colostrum inhibition of the cell viability. Probably, some components from the 

colostrum in concentration of 10% could modulate the cells proliferation switching cell viability to 

inhibition which can be corelated also with apoptosis activation. 

A fewer constant cells migration was an effect of IEC-6 cells in wound healing model. Some of the whey 

samples concentration gave a less substantial cell migration, had no effect, or even inhibited cell 

migration (see the results section) even though the same cell line had an increased viability using the 

whey treatment proving the mechanism of cell migration is depending on the bioactivity of the whey 

(composition), time of contact (hours for migration and days for cell viability). More concentrated 

bioactive components in the colostrum can bring the cells in contact with some milk-borne ligands, 

receptors antagonists for cell proliferation which can modulate apoptosis and proliferation with negative 

effect on the cell viability switched from the greater cell viability general trend. However, some 

components of the whey fraction can have a direct effect on cell viability or migration in vitro and some 

of them can have a more complicated modulation effect which requires further studies. 

 This study showed the mare’s milk mid to late lactation whey fraction increased cell viability on 2 

epithelial cell line (IEC-6 and FHs 74 Int) and migration on one cell line (IEC-6) in vitro. Moreover, whey of 

colostrum in general, increased cell viability on IEC-6 cell line in vitro. 

Colostrum had a greater stimulatory effect on cell viability compared to the whey samples knowing that the 

colostrum is essential for mammals’ neonates being rich in nutritional and bioactive factors. 

General trend for IEC-6 cell proliferation measured as cell viability in vitro was stimulation, an increased 

cell number could be detected visual (check the photomicrographs in the Appendix) and be measured 

using fluorometry. 

In the case of sample no. 1 which in concentration of 10% whey of colostrum inhibited cell viability with 

40%, 0.05% whey increased IEC-6 cells viability with 170% and 5% with 100% but the photomicrographs 

can show the cell morphology quite different, 5% whey of colostrum treatment made the cells looking 

more like 10% whey of colostrum treatment on the cells, with cellular debrides and less viable cells with 

unchanged morphology (see Appendix). 
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In the case of sample no. 3 and 4, cell viability increased direct proportional with the concentration range 

of the whey of colostrum and the cells can be seen in the Appendix section as well for some of the 

concentration treatment. 

Some cell debrides and less cells can be seen in the Figure 41 10% sample no.4 (200% increase cell 

viability) compared with Figure 39 2.5% sample no. 4 (270% increase od cell viability) and Figure 40 5% 

sample no. 4 (280% increase of cell viability). 

More concentrated whey of colostrum, 2.5%, 5% and respectively 10% whey of colostrum for samples no. 

4 and 5 had a tendency to a less increased effect on the IEC-6 cell viability compared with the other 

concentration (less concentrated whey of colostrum). This tendency can be observed on the 

photomicrographs which appears to have less cells and some cellular debrides for the last 3 concentration 

range of the treatment added to the cells in vitro (see the Appendix). 

For example, Figure 43 correspondent to sample 5 2.5% concentration which gave the highest cell 

viability increase of 630% looks different than Figure 44 correspondent to sample 5 5% concentration of 

whey of colostrum which showed less cells and some cellular debrides and increased IEC-6 viability with 

390%. Figure 45 with 10% whey of colostrum, sample no.5 showed 220% less viable cells compared with 

Figure 44 5% concentrated whey of colostrum. The more concentrated the colostrum is the less viable 

cells and more debrides are showed in the case of sample no. 1, 4 and 5. This direct cellular effect can be 

seen mostly for the colostrum whey fraction which composition is different than the mature milk in 

general (Csapó-Kiss et al., 1995). 

Previous studies have been more frequently done to assess the bioactivity of bovine whey of milk in 

different cells lines namely, bovine mammary cells (Sejrsen et al., 2001) and human epithelial cell line 

(FHs) (Purup et al., 2006). Both studies showed the correlation of IGF-I, TGFβ1 and TGFβ2 and IGF binding 

proteins (IGFBP) content from bovine whey milk with the increased cell viability. Moreover, a correlation 

of this effect of the treatment with the stage of lactation (greater concentration of growth factors later 

during lactation) was made. A decreased cell viability due to the existence of IGFBP which can bind the 

IGF receptors until saturation can be considered as well from these previous studies. Because of the 

presence of TGFβ and the post-translational modification like phosphorylation of glycosylation of these 

peptides (IGF-I, TGFβ1 and TGFβ2 and IGF binding proteins IGFBP) cell viability can be inhibited. But none 

of this can explain the uncorrelated effect of growth factors and increased cell viability effect of the whey 
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of bovine milk. IGFBP can have an IGF independent manner of action modulating cell survival and mitosis, 

migration, apoptosis and angiogenesis. It can be considered also the free hormone hypothesis which 

states that the unbound form of a hormone give its biological activity rather than its total concentration 

or protein bound concentration in the plasma (Mendel, 1992) (Bach, 2017).  

IGF -I ranged from 4.8 ng/ml to 9.4 ng/ml first time and from 7.7 ng/ml to 10.5 ng/ml the second time 

milking after 2 months (4 month of lactation to 7 month of lactation period, namely mid to late lactation). 

This shows greater values for IGF-I the second time later in lactation demonstration for time of lactation not 

being a determinant factor for growth factors composition in mare milk. The lower values were for samples 2 

and 4 and the highest for 5 and 7 in both cases (milk sampling 1 and 4) (see the Appendix). The growth 

factors presence is independent of age and lactation time and number. 

IGF-I concentration in mare’s milk around week 12 of lactation had a value of 4.8 ng/ml increasing to up 

to 10.5 ng/ml around 28 weeks compared to cow’s milk which was 2.3 ng/ml at 12 weeks lactation and 

went up to 2.7 ng/ml at 24 weeks of lactation. Cow’s and mare’s lactation are for sure different and the 

milk yield is lower in the case of mares but one can definitely see the greater value of IGF-I growth factor 

in mare milk. As for colostrum the range of IGF-I colostrum was from 11.4 ng/ml to 106 ng/ml and in the 

case of cow’s colostrum IGF-I ranged from 312 ng/ml at the first day to 5.9 ng/ml after one week 

postpartum. TGFβ1 for cow colostrum ranged from 6.3 to 0.55 ng/ml and for mature milk was 1 ng/ml. 

TGFβ2 for cow colostrum ranged from 143 to 12 ng/ml and in colostrum 12 ng/ml. Mare milk had very 

low values for TGFβ1 and TGFβ2 (<30 pg/ml) and colostrum ranged from 2.9 ng/ml to 6.2 ng/ml for TGFβ1 

and from 1 ng/ml to 6.2 ng/ml for TGFβ2 (Purup et al., 2006). 

EGF and TGFα stimulate primary intestinal epithelial culture in 2.5% FCS with insulin supplement but 

without EGF with a concentration of 5-10 ng/ml EGF and TGFα 5-20 ng/ml as for primary intestinal 

epithelial culture in 0.5% FCS was necessary only 1-5 ng/ml of both growth factors to enhance the cell 

proliferation (Booth et al., 1995). As for cellular migration, 50 ng/ml EGF and TGFα (lower effect than EGF) 

stimulates cell migration. Insulin 0.25 UI and IGF-I 20 ng/ml stimulates cell proliferation but inhibits 

intestinal cellular migration. This was a collagen cell model with small intestinal epithelium and the 

mesenchymal additional layer which was recommended as a superior in vitro cell model to study 

mesenchymal factors necessary for epithelial cells to grow and proliferate. PDGF was proved to be the 
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mesenchymal cell stimulatory growth factor and subsequent epithelial cell proliferation stimulator by 

upregulating IGF-I receptor. TGFβ1 inhibited intestinal epithelial cell proliferation (Booth et al., 1995).  

The presence of other growth factors in mare milk can be implied for a complete overview about the 

bioactivity of mare milk in general in order to correlate the cell viability and proliferation along with IECs 

migration in the case of wounding which increases after pre-digested mare milk comes in contact with the 

small intestine enterocytes. Moreover, the whey bioactive fraction of mare milk contains cytokines, 

lysozymes, lactoferrin and other bioactive peptides which can stimulate cellular turnover in the intestine. 

Definitely, fermented mare milk can be an important part of the bigger picture of mare milk bioactive 

components and their usage in human health. Further studies are necessary for the whey of mare milk 

properties in vitro and in vivo. 

The choice of cell lines for in vitro studies might be less accurate but is less expensive and les work-loaded 

and more reproductible than primary cell culture. 

IGF-I in human colostrum was measured since 1984 by Baxter and his colleagues in their experiments 

showing a value of 28 ng/ml with mitogenic effect and IGF-I unbound to proteins at pH 7 (Baxter et al., 

1984). 

 

Some conclusions can be briefly driven from this study as like the whey of mare milk has a mitogenic effect 

on intestinal epithelial cell lines of rats and humans in vitro , the peptides from the whey of mare milk can 

help in the process of intestinal restauration after an injury, the growth factors concentration analysed in 

this study was not very high or correlated with the horses age, lactation time and number and the highest 

content in growth factors had IGF-I. All of these components have specific pathways of action and are 

coupled with cellular receptors in vivo which can stimulate the cellular proliferation and migration on the 

small intestine level. 

 

 

 

 



100 
 

10.  Future perspectives  

 

Generally, from monolayer cell culture of animal and human cell lines to organoids and human clinical trials, 

there are some steps to be done to prove mares’ milk bioactivity and its health promoting role. 

Animal models’ studies are further required in order to expose mare milk bioactive substances to animal gut 

microflora and see its effects. 

The next necessary level to be reached, is clinical research using mare milk for enhancing mucosal intestinal 

wound healing in the case of intestinal bowel diseases and intestinal ulcers patients. 

Computational biology using ligand-based methods and structure-based models namely QSAR (quantitative 

structure activity relationship) and docking based scoring for the prediction of the bioactive compounds 

from mare milk can be a future approach for finding these substances but also for predicting their action and 

creating computer models to validate bioactive peptides from mare’s milk into drug discovery and 

pharmacology. In this way the animal testing stage can be avoided and more reliable data can be obtained 

(Vilar and Costanzi, 2012), (Nongonierma and FitzGerald, 2018). 

In particular, using fermented mare milk together with cell-culturing can bring another vision about how 

these released bioactive peptides can simulate the viability of intestinal epithelial cells important in mucosal 

intestinal healing and in human health of digestive tract. 

The digestibility of a fermented product it’s greater than of a raw one, because the acidity creates a larger 

enzymatic area during digestion and less lactose from the fermented milk needs less enzymes to digest it. 

More than that, LAB using their beta-galactosidase enzyme, improve lactose digestion. LAB can also 

synthesize vitamins based on their profile. The general amino-acid composition it is the same for fermented 

milk but a larger quantity of free amino-acids, essential amino-acids and peptides make the difference in the 

case of fermented milks. The bioavailability of vitamins and minerals in the G-I tract needs to be studied 

better, being known that in developing countries fermented milk can be a cheap source of peptides and 

amino-acids (McKevith and Shortt, 2003). 

These future studies are relevant because LAB fermentation decrease the immunoreactivity of mare milk 

peptides, moreover the digestive profile of mare milk proteins makes it a good substitute of cow’s milk in 
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human nutrition (Fotschki et al., 2014), (Inglingstad et al., 2010) and of course to recognise the therapeutic 

properties of fermented mare’s milk, kumis in human health. Kumis is absorbed 2.8 times faster than other 

fermented milks in one hour (Dhewa et al., 2015). 

 Figure 26 The pH of the human intestinal tract and the time spent by food in it from (Specialist, 2019) 

Further studies are required to test human mammary cells in contact to see if the bioactive peptides from 

the mare milk whey fraction or from the casein fraction as well can influence in a way these cells and maybe 

parturient mares can be immunised for milk fraction suitable for human nutrition. FHs 74 cells are human 

intestinal cells original from 3 to 4 months foetus after therapeutic abortion (Smith et al., 1979) and a milk 

formula containing mare milk fraction can be further studied on these cells. The neonatology collaboration 

with the food safety and food technology requires future projects and bench to bedside studies. 
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12. Appendix 

 

Micrographs:      

        

Figure 27                                                                                  Figure 28 

  

Figure 27- 1 IEC-6 cells culture monolayer treated for 72 hours with 0.05% whey of colostrum from sample 1 

H1 - 0.05%, magnification 40x  

Figure 28 IEC-6 cells culture monolayer treated for 72 hours with 10% whey of colostrum from sample 1 H1 - 

10%, magnification 40x 
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Figure 29                                                                                  Figure 30 

  

Figure 29 IEC-6 cells culture monolayer treated for 72 hours with 5% whey of colostrum from sample 1 H1 - 

5%, magnification 40x 

Figure 30 IEC-6 cells culture monolayer treated for 72 hours with 0.05% whey of colostrum from sample 2 H2 

- 0.05%, magnification 40x 

 

Figure 31                                                                                  Figure 32 
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Figure 31 IEC-6 cells culture monolayer treated for 72 hours with 2.5% whey of colostrum from sample 2 H2 – 

2.5%, magnification 40x 

Figure 32 IEC-6 cells culture monolayer treated for 72 hours with 5% whey of colostrum from sample 2 H2 - 

5%, magnification 40x 

 

Figure 33                                                                                  Figure 34 

  

Figure 33 IEC-6 cells culture monolayer treated for 72 hours with 10% whey of colostrum from sample 2 H2 - 

10%, magnification 40x  

Figure 34 IEC-6 cells culture monolayer treated for 72 hours with 0.05% whey of colostrum from sample 3 H3 

– 0.05%, magnification 40x 
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Figure 35                                                                                 Figure 36 

  

Figure 35 IEC-6 cells culture monolayer treated for 72 hours with 2.5% whey of colostrum from sample 3 H3 – 

2.5%, magnification 40x 

Figure 36 IEC-6 cells culture monolayer treated for 72 hours with 5% whey of colostrum from sample 3 H3 – 

5%, magnification 40x 

 

Figure 37                                    Figure 38 
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Figure 37 IEC-6 cells culture monolayer treated for 72 hours with 10% whey of colostrum from sample 3 H3 – 

10%, magnification 40x 

Figure 38 IEC-6 cells culture monolayer treated for 72 hours with 0.05% whey of colostrum from sample 4 H4 

– 0.05%, magnification 40x 

 

Figure 39                                                                                Figure 40 

  

Figure 39 IEC-6 cells culture monolayer treated for 72 hours with 2.5% whey of colostrum from sample 4 H4 – 

2.5%, magnification 40x 

Figure 40 IEC-6 cells culture monolayer treated for 72 hours with 5% whey of colostrum from sample 4 H4 – 

5%, magnification 40x 
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Figure 41                                                                                Figure 42 

  

Figure 41 IEC-6 cells culture monolayer treated for 72 hours with 10% whey of colostrum from sample 4 H4 – 

10%, magnification 40x 

Figure 42 IEC-6 cells culture monolayer treated for 72 hours with 0.05% whey of colostrum from sample 5 H5 

– 0.05%, magnification 40x 

 

Figure 43                                                                                 Figure 44 
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Figure 43 IEC-6 cells culture monolayer treated for 72 hours with 2.5% whey of colostrum from sample 5 H5 – 

2.5%, magnification 40x 

Figure 44 IEC-6 cells culture monolayer treated for 72 hours with 5% whey of colostrum from sample 5 H5 – 

5%, magnification 40x 

 

Figure 45 

 

Figure 45 IEC-6 cells culture monolayer treated for 72 hours with 10% whey of colostrum from sample 5 H5 – 

10%, magnification 40x 
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Figure 46                                                                                Figure 47 

  

Figure 46 FHs 74Int cells (human small intestinal cells) culture monolayer 60% confluency magnification 40x 

Figure 47 IEC-6 cells (rat small intestinal cells) culture monolayer 60% confluency magnification 40x 
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Table 24 Relative values of IEC-6 cells viability under the treatment (72 hours) with different concentration of 

whey of mare milk for 2 times milk sampled points (1 and 4) 

 

 

 

 

 

 

 

 

 

 

 

Sample 
id/ 

Horse 
no. 

Age 
(yrs.) 

Milking 
time 

Lactation 
day – 1st 
sampling 

Lactation 
day - 4th 

sampling 

Lactation 
no. 

Maximal 
activity 
(relative 
values) 

Conc.with 
maximal 
activity 

(%) 

P value 
 

Time Conc. Time* 
Conc. 

2 
 

11  
 

1 117  3 
 

2.1 10  
0.03 

 
0.0001 

 
0.3309  

4 
  

179 
 

1.9 
 

5 

3 
 

15  
 

1 117   
6 
 

2.1 10  
0.0001 

 
0.0001 

 
0.0613  

4 
  

 
179 

 
1.6 

 
5, 10 

 

4 
 

17  
 

1 121   
3 
 

2  
10 

 
0.6251 

 
0.0001 

 
0.0607  

4 
  

177 
 

1.8 

7 
 

4  
 

1 122  1 
 

1.4 2.5, 5, 10 
 

  
0.0001 

 
0.0001 

   
0.5204 

4  178 1.7 10 

5 
 

10  
 

1 131  5 
 

1.6 1, 2.5, 5, 
10 

 

 
 

0.8221 

 
 

0.0001 

 
 

0.0082 

4  190  
1.3 

 
10 

1 
 

15  
 

1 152  6 
 

2.2  
10 

 

 
0.0374 

 
0.0001 

 
0.0216  

4 
  

209 
 

2 
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Table 25 Relative values of FHs 74 Int cells viability under the treatment (72 hours) with different 

concentration of whey of mare milk for 2 times milk sampled points (1 and 4) 

 

 

Sample 
id/ 

Horse 
no. 

Age 
(yrs.) 

Milking 
time 

Lactation 
day – 1st 
sampling 

Lactation 
day - 4th 

sampling 

Lactation 
no. 

Maximal 
activity 
(relative 
values) 

Conc.with 
maximal 
activity 

(%) 

P value 
 

Time Conc. Time* 
Conc. 

2 
 

11  
 

1 117  3 
 

3.5 5  
0.03 

 
0.0001 

 
0.1849  

4 
  

179 
 

2.8 
 

10 

3 
 

15  
 

1 117   
6 
 

2.8 10  
0.0001 

 
0.0001 

 
0.0001  

4 
  

179 
 

1.8 
 

5, 10 

 

4 
 

17  
 

1 121   
3 
 

2.5  
10 

 
0.5434 

 
0.0001 

 
0.0199  

4 
  

177 
 

3 

7 
 

4  
 

1 122  1 
 

3.1  
10 

  
0.0001 

 
0.0001 

   
0.5204 

4  178 2.4  

5 
 

10  
 

1 131  5 
 

2.5  
10 

 
0.8489 

 
0.0001 

 
0.8083 

4  190      2.7  

1 
 

15  
 

1 152  6 
 

2.6  
10 

 
 

 
0.1477 

 
0.0001 

 
0.9618  

4 
  

209 
 

2.7 
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Table 26 Relative values of IEC-6 cells migration under the treatment (6 hours) with different concentration of 

whey of mare milk for 2 times milk sampled points (1 and 4) 

 

 

Sample 
id/Horse no. 

Age (yrs.) Lactation no. Maximal 
activity 
(relative 
values) 

Conc. with 
maximal 
activity (%) 

P value- 
- concentration 

1 13 7 4.1  O.25; 0.5 0.0001 

2 9 4 3.6 10 0.0001 

3 9 2 3.6 10 0.0001 

4 15 6 4.2 1 0.0001 

5 11 6 7.3 2.5 0.0001 

Table 27 Relative values of IEC-6 cell viability under the treatment (72 hours) with different concentration of 5 

whey of mare colostrum  

 

 

 

Sample 
id/ 

Horse 
no. 

Age 
(yrs.) 

Milking 
time 

Lactation 
day – 1st 
sampling 

Lactation 
day - 4th 

sampling 

Lactation 
no. 

Maximal 
activity 
(relative 
values) 

Conc.with 
maximal 
activity 

(%) 

P value 
 

Time Conc. Time* 
Conc. 

2 
 

11  
 

1 117  3 
 

1.4   
0.2711 

 
0.4596 

 
0.8445  

4 
  

179 
 

1.1 
10 

 

3 
 

15  
 

1 117   
6 
 

2.1 5  
0.2033 

 
0.0070 

 
0.155  

4 
  

179 
 

1.6 
 

1 

 

4 
 

17  
 

1 121   
3 
 

1.2  
5 

 
0.5977 

 
0.7485 

 
0.5272  

4 
  

177 
 

1.2 

7 
 

4  
 

1 122  1 
 

1.7 10 
 

  
0.2084 

 
0.0174 

   
0.5599 

4  178 1.4 5 

5 
 

10  
 

1 131  5 
 

1.2  
10 

 
0.1743 

 
0.3662 

 
0.7333 

4  190      1.6  

1 
 

15  
 

1 152  6 
 

1.4 10 
 

 
0.8726 

 
0.0072 

 
0.9484 

     4      209      1.5         5 
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Sampleid  IGF- I ng/ml (mean ) TGFβ1 pg/ml  TGFβ2 pg/ml EGF pg/ml  

1-1 6.2  

 

        

              < 30 

 

 

 

< 30 

 

 

 

< 25 

2-1 4.8 

3-1 7.6 

4-1 6.8 

5-1 9.7 

7-1 9.4 

Table 28 Growth factors in 6 whey of mare milk samples- first time milking 

 

Sampleid  IGF-I ng/ml (mean) TGF β1 pg/ml  TGF β2 pg/ml  EGF pg/ml 

1-4 10  

 

 

<30  

 

 

 

<30  

 

 

 

< 25 

2-4 7.7 

3-4 8 

4-4 7.8 

5-4 10.5 

7-4 9.6 

Table 29 Growth factors in 6 whey of mare milk samples- fourth time milking 

Sampleid IGF-I ng/ml (mean) TGF β1 pg/ml 

(ng/ml) 

TGF β2 pg/ml EGF pg/ml 

H1 60 2868.9 (2.8689) 6224 (6.224)  

< 63  H2 11.4 - - 

H3 105.9 6151 (6.151) 4672 (4.672) 

H4 66.9 3132.9 (3.1329) 2404 (2.404)  543 

H5 88.2 2879.9 (2.8799) 1034 (1.034) < 63 

Table 30 Growth factors in 5 whey of colostrum of mare  
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Table 31 Data about the mares – 6 mare’s milk was analysed at two time point of sampling 1 and 4 

 

 

 

 

 

 

Mare Foaling date Age 
Lactation 
no 10.09 12.09 17.09 5.11 6.11 7.11 

Nutte 1. 10/04/2018 15 6 : 1-1 :1-2 :1-3 :1-4 :1-5 :1-6 
Georcia 5. 03/05/2018 10 5 :1-5 :2-5 :3-5 :4-5 :5-5 :6-5 
Betty 3. 18/05/2018 15 6 :3-1 :3-2 :3-3 :3-4 :3-5 :3-6 
Baronessa 4. 12/05/2018 17 3 :4-1 :4-2 :4-3 :4-4 :4-5 :4-6 
Fortaleza 7. 11/05/2018 4 1 :7-1 :7-2 :7-3 :7-4 :7-5 :7-6 
Zoftware 2. 18/05/2018 11 3 :2-1 :2-2 :2-3 :2-4 :2-5 :2-6 
          
1-1 -age 15, foal 10.04,6th lactation, 
milking 10.09  all 6 horses first milking     
2-1- age 11, foal 18.05, lactation 2, 
milking 10.09        
3-1- age 15, foal 03.05, lactation 6, 
milking 10.09        
4-1- age 17, foal 12.05, lactation 3, 
milking 10.09        
5-1- age 10, foal 03.05, lactation 5, 
milking 10.09        
7-1 age 4, foal 11.05, lactation 1, milking 
10.09        
1-4 age 15, foal 10.04,6th lactation, 
milking 5.11  all 6 horses 4th milking    
2-4 age 11, foal 18.05, lactation 2, milking        
3-4 age 15, foal 03.05, lactation 6, milking 
05.11        
4-4 age 17, foal 12.05, lactation 3, milking 
05.11        
5-4 age 10, foal 03.05, lactation 5, milking 
05.11        
7-4 age 4, foal 11.05, lactation 1, milking 
05.11        
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Mare Foaling date Age Foals no.      

    
H1 Pietra Santa 12.04.19        13               7 

H2 Kokoosint  
 
29.03.19                 9               4 

H3 Whistler 
 
03.04.19         9               2 

H4 Bea apache 
 
14.04.19         15               6 

H5 Liva 
 
09.04.19         11               6 

 

Table 32 Data about the mares – colostrum was milked in the first 24 hours pospartum 

 

 

 

 

 

 

 

 

 

 


