Introduction

In some countries of Asia and of central or east Europe, mare's herds produce milk for liquid consumption and for fermented preparations as koumiss. Equine milk has a reputation of being beneficial in dietetic and therapeutic fields. On the contrary, in west Europe, mare's herds produce foals for butchery and also for leisure purposes. Nevertheless in these last countries mare's milk seems to become of interest for human uses. It is possible to find on the market different of frozen or freeze-dried mare's milk products.

Equine milk proteins and enzymes have been less studied than their bovine counterparts. Better knowledge of physical and functional properties of enzymes would be of interest for a better conservation of milk. Storage at low temperature of bovine milk renders soluble part of the micellar casein, and of plasminogen or plasmin adsorbed on the micelles. VISSER (16) points out the presence of milk alkaline proteinase (named today plasminogen/plasmin system) in mare's milk. The aim of the present work was to study this protease system and what proportion becames soluble during storage of milk at negative or low positive temperatures.

Materials and methods

Milk samples corresponding to 3 successive milkings of Haflinger mares were collected on the same September day, immediately refrigerated at +4°C and then mixed together (vol 1:1:1) without any preservative agent. Experiments on fresh raw mixed milk were performed on the same day 3 hours after the last milking. Aliquots of this fresh raw milk were stored at -20°C 3 hours after the last milking for further investigations.

Mare milk caseins were precipitated at pH 4.2 as previously established (2). Mare milk caseins were also precipitated at pH 3.5 according to ZITTLE (18) which uses this pH for the precipitation of a bovine milk alkaline proteinase fraction. Acidification of milk to pH 4.2 or 3.5 was obtained by adding 1M and 0.1M HCl. After 15 minutes acid incubation at room temperature, milk samples were centrifuged (3 900 g, 30 min, 4°C). Then, pellets of caseins reserved for electrophoresis analysis and supernatants reserved for plasmin activity measurements were stored at -70°C.

To solubilize plasminogen and plasmin from casein micelles, equine milk was incubated with ε-aminocaproic acid (EACA). 23.50 mL Equine milk was incubated at room temperature with 1.25 mL of 1M EACA in the presence of 0.25 mL 0.2% NaN 3 . After ultracentrifugation (300 000 g, 45 min, 15 °C), supernatants were recovered and stored at -70°C until plasmin activity measurements. Plasmin activity measurements were performed according to SAINT-DENIS et al.

(14) using N-succinyl-L-alanyl-L-phenylalanyl-L-lysyl-7-amino-4-methyl coumarin (Suc-Ala-Phe-Lys-AMC) as fluorescent substrate. A calibration curve was realised with 7-amino-4methyl coumarin (AMC). Fluorescence was measured on a Shimadzu spectrophotometer RF 5000.

Activation of equine milk plasminogen with urokinase or with streptokinase (U1131 and S3134 respectively, Sigma Chemical Co, St Louis, MO, USA) was realised according to . Plasminogen activation was also conducted after acid denaturation according to WELLES et al (17). For this, 1 mL milk sample and 0.13 mL 1M HCl were mixed and incubated at room temperature. After 10 min, 0.12 mL 1M NaOH and 0.9 mL Tris buffer (0.1 M Tris, 0.008 M EACA, 0.4 M NaCl) at pH 8.0 were added. Tris buffer replaced HCl and NaOH in the control assay. After 10 min storage of the mixture at room temperature, the activation was performed with 0.1 mL urokinase (1000 plough) at 37°C for 1 hour.

Plasminogen-derivated activity was then measured according to SAINT-DENIS et al. (14).

Equine milk caseins were analysed by 4.5 M urea-polyacrylamid gel electrophoresis according to the usual method (7), adapted to equine milk (2, 3).

Results and discussion

Electrophoretic study of equine caseins

The casein fractions obtained by acidification to pH 4.2 or by ultra-centrifugation of the milk samples were analysed by urea-PAGE. Electrophoregrams of urea-PAGE were similar for all fresh and different stored milk samples. They show significant amounts of γlike-caseins identified according to EGITO et al. (2,3) in acid pellets, slightly more in pellets obtained after ultra-centrifugation (Fig. 1). The presence of γ-like-caseins could indicate a plasmin activity on the β-caseins as known in bovine milk. Urea-PAGE revealed a significant amount of γ-like caseins associated with a decrease of β-caseins (but not of αs1-caseins) in pellets from milk stored for 10 days at room temperature (Fig. 1). Nevertheless this did not lead to the precipitation of caseins during this storage.

Plasmin activity in fresh raw milk

Total plasmin activity was 7.1 µM AMC / min / mL of milk at 37°C, which was about 5 times more than measured in bovine milk (personal data). This high plasmin activity would explain the large presence of γ-like-caseins in equine milk. ZITTLE (18) prepared a bovine milk alkaline protease fraction by acid precipitation at pH 4.6 and then 3.5 followed by an ammonium sulphate precipitation step on the acid supernatant. Equine plasmin activity recovered in the soluble fraction after acid precipitation at pH 4.2 or 3.5 at room temperature was about 30 % of the total plasmin activity of milk (Table 1). Precipitation at pH 3.5 released 13% more plasmin activity in the acid soluble phase than at pH 4.2. RICHARDSON (11) has shown that only 12% of plasmin activity is released in the bovine whey after acidification at pH 4.6; however, the length of time at this acid pH was not mentioned. GRUFFERTY and FOX (5) have reported that most bovine plasmin activity is solubilized at pH 4.6 or below. RICHARDSON and ELSTON (12) have reported that the longer the time (up to 4 hours) of standing at an acid pH (4.7 and 5.7), easier and more significant is the dissociation of enzyme from bovine casein. In contrast, GRUFFERTY and FOX (5) indicate that plasmin is immediately solubilized after exposure at pH 4.6. In the present study all equine milk samples were incubated 15 min at pH 4.2 or 3.5 at room temperature in order to avoid any inhibition or denaturation/degradation of the enzyme.

In mare milk, about 97.5 % (from Table 1) of plasmin activity was bound to micellar casein isolated by ultracentrifugation without EACA. This percentage is about 81-93% in bovine skim milk (8,13). Ultra-centrifugation of equine fresh raw milk released 11 times less plasmin activity in the soluble phase than pH 4.2 acid precipitation (Table 1). Ultracentrifugation, which separates casein micelles without any denaturation did not increase free equine enzyme. From data of bovine milk (5,8,13), it appears that acid precipitation would release about 8 fold more plasmin activity from casein than ultra-centrifugation. However, RICHARDSON (11) reports that 2 times more bovine plasmin is solubilized after ultracentrifugation than after acid precipitation.

EACA is a competitor on the binding sites of the enzyme with caseins. It is generally used at 50 mM concentration to release plasmin from bovine micelles (6,8,11,13).

Moreover, 100 mM EACA has been shown to stabilise bovine plasmin stored for 5 days between +4 or +22 °C in model system (15). According to POLITIS et al. (9), a final concentration of 14.5 mM EACA present in our enzymatic assay would not be sufficient to inhibit enzyme activity. The 3 hours incubation with EACA at room temperature was probably sufficient since other authors (6,8) have used 2 hours incubation with 50 mM EACA to dissociate plasmin from bovine micellar casein. Pretreatment of equine milk with 50 mM EACA allowed releasing 3 times more plasmin activity then ultra-centrifugation alone.

Nevertheless, equine plasmin activity released by EACA treatment remained 3 fold lower than after acid precipitation of milk. In bovine milk, total plasmin (plasmin + plasminogen derivated) activity released by EACA is 20 fold higher than after ultra-centrifugation alone (6).

Effect of storage of milk at +6°C and at + 20°C.

Storage of equine milk at +6°C for 40 h resulted in a slight increase of plasmin activity in the soluble phase after acid precipitation at pH 4.2 or ultra-centrifugation (Table 1). In particular, this cold storage allowed solubilizing about 2 times more plasmin activity after EACA pretreatment.

Plasmin activity recovered in the soluble phase of milk stored at +20 °C for 40 h was reduced after acid precipitation at pH 4.2 or ultra-centrifugation with or without EACA pretreatment. A first hypothesis might be that plasmin was partially denatured in this storage condition. Another hypothesis might be that some plasmin inhibitors would become effective during storage, or that plasmin would become more sensitive to these inhibitors. During storage of bovine milk at low temperature some caseins leaves the micellar complex and becomes soluble which leads to the decrease of enzymes adsorbed on the casein micelles.

REIMERDES and HERLITZ (10) have shown that storage of bovine milk at +4 °C increases soluble milk alkaline proteinase and soluble β-casein. In contrast, GRUFFERTY and FOX (5) surprisingly reported no effect of temperature (+4 °C and +20 °C for 16 h) on the release of bovine plasmin from caseins.

Effect of storage of milk at -20°C.

Acid precipitation at pH 4.2 allowed recovering in the supernatant 34 % more plasmin activity in mare milk stored at -20 °C for 3 months than in fresh raw milk (Table 1). A 62 % increase was obtained in the supernatant of ultra-centrifugation after pretreatement with EACA. The negative temperature of storage and the subsequent defreezing procedure might destabilise the micellar caseins, and then solubilize some of the plasmin.

Activation of equine plasminogen

Bovine plasminogen is usually activated in milk by incubation with urokinase (1). No significant plasminogen-derived activity was measured in fresh equine raw milk after 1 hour activation by urokinase. In agreement, WELLES et al. (17) reported that equine blood plasminogen is not directly activated by urokinase, but requires a prior acidic treatment. 10 min Incubation of equine milk at pH 2.0, followed by neutralisation and urokinase activation steps, only led to a 10 % increase of plasmin activity (Fig. 2). Thus, the total alkaline proteinase activity would be represented in equine milk by about 90 % plasmin and 10% plasminogen. Similarly, goat milk contains more plasmin than plasminogen, 86 and 14 % respectively (4). In contrast, mean percentages established with the same protocol over one year in bovine bulk raw milk were 18 % plasmin and 82 % plasminogen (data not shown); these values are similar to those calculated from bibliographic values determined with different protocols (8,9,11). Human milk contains about 28 % plasmin and 72% plasminogen (6). Equine milk incubation (30 -90 min at +37 °C) with 2.5 to 1000 units of streptokinase instead of urokinase did not reveal significant plasminogen-derived activity.

Conclusion

The 5-fold greater plasmin activity found in mare milk as compared to bovine milk might explain the presence of γ-like caseins in equine fresh raw milk and in milk stored under different conditions of temperature. Equine milk plasmin solubility was increased after storage of milk at low or negative temperatures. Preincubation of milk with EACA allowed only partially solubilizing plasmin from caseins. EACA was less efficient than acidification in solubilizing plasmin activity.

Plasminogen could not be activated in plasmin in equine milk with the protocols usually applied to bovine milk or equine blood. This could be explained either by the fact that these protocols are not adapted to equine milk plasminogen or by the fact that there is only a very small amount of plasminogen. 
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Table 1 : Effects of storage conditions of raw mare milk on plasmin activity .

 1 Activity measured at 37°C was expressed in percent of total activity of the corresponding raw milk samples (b) Acid precipitation of proteins at pH 4.2, or pH 3.5. Acidified mixture was incubated 15 min at room temperature before centrifugation (3 900 g, 30 min) (c) Ultra-centrifugation (300 000 g, 45 min) after 3h incubation at room temperature with or without EACA (nd) Not determined

	Plasmin activity (a) in soluble fraction
	after			after
	acid precipitation (b)	ultra-centrifugation (c)
	at pH 4.2	at pH 3.5	no EACA	with EACA
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Plasmin activity and plasminogen activation in equine milk

Summary

In western Europe mare's milk is of interest for dietetic uses and it is possible to find on the market different freeze or frozen-dried mare's milk products. The aim of the present study was to measure plasmin activity after storage of milk at negative or low positive temperatures. Milk samples of Haflinger mares were analysed just after milkings and after storage at +6 and +20°C (40 h), and -20 °C (3 months). Enzymatic activity measured with a fluorescent synthetic substrate revealed a large plasmin activity in fresh milk that could explain the significant presence of γ-like-caseins observed by urea-PAGE. Incubation of milk at room temperature with EACA increased the fraction of plasmin recovered in the supernatant of ultra-centrifugation. More soluble plasmin activity was recovered in milk stored at low or negative than at room temperatures when determined both after acidification at pH 4.2 or after ultra-centrifugation following incubation with or without EACA. In equine milk, plasminogen could not be activated to plasmin with protocols usually applied to bovine milk or equine blood plasminogens.