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Evaluation is carried on milk clotting activity of the crude proteolytic
enzymes present in the lattices of plants belonging to Euphorbiaceae family
along with their use in cheese production. The results showed that milk
clotting activity of crude enzyme of latex of four plants are in order of
Euphorbia tirucalli followed by Euphorbia nerifolia, Euphorbia nivulia and
Pedilanthus tithymaloides. Milk coagulation is the basic step in cheese
making, therefore these crude enzymes were subjected to the production of
cheese. Comparative account on percentage Yyield, total solid, moisture

content and chemical composition of resultant cheese samples were also
analyzed. The results revealed that, nutritional quality of cheese prepared
from milk clotting enzymes of plant lattices of Euphorbiaceae family is not
fully matched with Amul cheese; however it is comparable with cheese
prepared using purified papain.
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INTRODUCTION

Cheese is one of the numerous products from the processing of milk. Cheese is used as a form of preserving
essential nutrients in milk and is an excellent source of nutrients such as protein, fat, minerals and vitamins. Cheese
manufacture is essentially a dehydration process in which the fat and casein of milk are concentrated 6-10-fold
(Omotosho et al., 2011). Since long the animal rennin (or rennet) is employed in making cheese. The enzyme rennet
is obtained on a commercial scale from the fourth or true stomach of the unweaned calves which are specifically
slaughtered for this purpose. One calf produces only 5 to 10 gm of rennet. The enzyme helps in coagulating the
casein of milk. The milk clotting property of enzyme is important with regard to the quality and yield of cheese. It
has been suggested that a firmer curd at cutting is positively correlated to yield of cheese (Wedholm et al., 2006).
Much research interest has been directed towards discovering a milk-clotting enzyme which would satisfactorily
replace calf rennet produced by genetically engineered bacteria have proven suitable substitutes for animal rennet
but increasing attention has been directed towards natural rennet extract of plant origin (Mahajan and Badgujar,
2010). Plant proteases employed for cheese production in various areas of the world include papain, bromelin, ficin,
oryzasin, cucumisin, sodom apple and Jacaratia corumbensis (Duarte et al.2009). In Sudan dairy farmers used the
berries of Solanum dubium to make white soft cheese using goat and sheep milk (Ahmed et al., 2009). Another
commonly used vegetable rennet is an extract from the shrub, Calotropis procera commonly known as Dead Sea
Apple. It contains the enzyme, calotropin, which is more active at pH 6.4 (Omotosho et al., 2011). Recently,
Mahami et al., (2012) demonstrated that Moringa oleifera seed extract enrichment resulted in significant increases in
the yield, protein content and mineral content of cottage cheese. The crude enzyme of plant lattices used to prepare
white cheese was suitable as compared with rennet extract in addition, it is less expensive than other coagulants to
manufacture white cheese Therefore, in the present study comparative account on milk clotting enzyme of lattices of
four members of Euphorbiaceae family is given along with their application in cheese production.
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2. Material and Methods

2.1 Plant collection

The lattices of latex bearing medicinal plants of Euphorbiaceae family were collected early in the morning by
superficial incisions of stem, fruit or trunk of healthy plant and allowing the milky latex to drain in clean glass vials
separately, brought to the laboratory and stored at 4°C.

2.2 Preparation of crude enzyme

All operations were carried out at 0 — 5 °C. The plant latex was homogenized in homogenizer under chilled
condition and filtered successively through four folds of muslin cloth and Whatmann filter paper No. 1. Filtrate was
centrifuged at 10,0009 for 30 min and supernatant labelled as “Crude enzyme”, and used for further investigation of
milk clotting activity.

2.3 Milk clotting activity

The milk clotting activity of proteases was performed as described by (Badgujar and Mahajan, 2009). The enzyme
source (0.2 mL) was added to 2 mL of substrate solution (12% skim milk powder in 0.01M CaCl,). The time
necessary for the formation of curd fragment was measured. Milk clotting activity is expressed in term of Soxhlet
unit.

2.4 Total Protein

Protein concentration in the enzyme extract was determined using Folin Ciocalteu reagent as per the procedure of
Lowry et al. (1951), Crystalline Bovine Serum Albumin used as standard protein for preparation of standard curve.
The absorption of the blue color developed was measured at 660 nm using spectrophotometer.

2.5 Cheese preparation

Fresh morning 200 mL raw Caw milk is usually used and warm to a temperature of about 50°C. The milk is stirred
gently during the initial and subsequent heating and cooling. Then 2 mL of the crude enzyme was added to the
warmed milk and kept for 10 minutes. It was heated slowly with intermittent stirring until it reaches boiling. The
milk was kept at heating until it coagulates and there is visible separation of curds and whey then the pot was
removed from the fire and poured the curd and whey into baskets placed over a container for whey collection. The
basket or mould facilitates whey drainage and also gave the cheese its characteristic shape and size. When the
cheese was firmed enough to retain its shape, it was removed from the basket and placed it in a container of cool
water. Afterwards cheese is soaked in brine (20% NaCl) for 12—15 hours.

2.6 Cheese analysis
Biochemical analysis of prepared cheese were carried out according to the Official Methods of Analysis (AOAC,
1990) for food with respect to yield, total solid, moisture content, total carbohydrate, total protein and total fat.

2.6.1 Determination of yield

The yield of cheese was calculated from the following equation: Yield (g/100 g of milk) = (W1 x 100) / (W, + W)
Where, W1 was the weight of the cheese prepared, W2 was the weight of the milk and W3 was the weight of the
enzyme used

2.6.2 Total Solids and Moisture content

A known weight of grated cheese is dried at a constant temperature (102+2°C) to a constant weight. The weight
after drying is the weight of total solids and is expressed as % by weight. Moisture (% cheese) = 100 - TS

Moisture content of cheese samples was determined in triplicate using nutritional analysis methods as described
above for food. Three grams of samples were weighed into pre-dried and weighed moisture dish with tight-fit cover.
Samples were partially dried and weighed on a steam bath prior to oven combustion at 105°C for 8 hrs. Moisture
content was determined by difference and expressed as a percentage of the initial weight of cheese product.

2.6.3 Total fat

One gram of cheese sample was first hydrolyzed with 4M hydrochloric acid and placed in a water bath (70- 80°C)
with stirring them frequently for about 30 - 40 minutes. After cooling to room temperature it is subjected for
extraction with 25 mL of petroleum ether. During extraction, upper ether layer was taken into clean dried weighed
flasks and dried them in a water bath at 80 ° C until a constant weight obtained.

% of Total fat = (Wt. of Fat / Wt. of sample) * 100
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2.6.4 Total Carbohydrate

Total carbohydrate was estimated by the anthrone method described in the book written by Sadasivam and
Manickam (2008). Briefly, 1 mL aliquot of appropriately diluted sample or standard solutions of glucose (0-100
pg/ml) was taken to which 4 mL of the anthrone reagent was added and kept them in boiling water bath for 10
minutes. Cool to room temperature and measured the optical density of blue colour at 620 nm against blank.

2.6.5 Protein Estimation
This method is described in section 2.4

3. Results and Discussion
In our earlier communication, we have reported 21 plants bearing latex as source of milk clotting enzymes
(Badgujar and Mahajan, 2009). In this work, we have focused our study taking advantage of milk clotting nature of
enzymes for cheese production.

Table 1 List of rennet sources reported in literature for cheese production.

Sr. | Source Rennet Reference

No.

1 Animal Calf rennate
Goat O'Connor, 1993.
Sheep

2 Micro- Mucor miehei Thakur et al., 1990.

organisms M\ucor pucillus Richardson et al., 1967.

Cryphonectria parasitica
Endothia parasitica Ustunol and Hicks, 1990.
Bcillus subtilis Rao and Mathur, 1979.
Rhizomucor miehei Saietal., 2012.

3 Vegetable | Ananas comosus, Roseiro et al., 2003.
Albizia julibrissin
Calotropis procera Aworths and Muller, 1987; Adetunji and Saawu, 2008.
Carica papaya Adetunji and Saawu, 2008; Diouf et al., 2012.
Centaurea calcitrapa Reis et al., 2000.
Cynara cardunculus, C. humilis, C. | Roseiro et al., 2003; Vioque et al., 2000.
scolymus
Euphorbia amygdaloides Demir et al., 2005.
Ficus carica, F. glomerata, Oner and Akar, 1993; Faccia et al., 2012;
F. religiosa Krishnaswamy and Johar, 1960; Nouani et al., 2009.
Moringa oleifera Mahami et al., 2012.
Solanum dubium Talib et al., 2009; Kheir et al., 2011.
Taraxacum officinale Akuzawa and Yokoyama,1988.
Withania coagulans Pezeshki et al., 2011.

Table 1 summarizes biological source of rennet used for cheese production in literature. From the table it was clear
that to replace animal rennet researcher have tried microbial and vegetable rennet for cheese preparation, In this
regard, presently use of vegetable rennet in cheese preparation is receiving importance. Near about 16 plant species
have been used for this purpose. The 12 plant species belongs to Indian origin and remaining 4 species are exotic.
Only a single plant species of Euphorbiaceae has reported for above said property. The purpose of present
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Table 2 List of selected latex bearing plants of Euphorbiaceae family

Sr. No. | Botanical Name Common name Nature | Habitat
1 Euphorbia heterophylla Milk weed W H
2 Euphorbia hirta Asthma plant W H
3 Euphorbia milli Crown of Thorns @) H
4 Euphorbia nivulia Leafy Milk Hedge | M T
5 Euphorbia nerifolia Indian Spurge Tree | M T
6 Euphorbia tirculli Pencil plant @) S
7 Jatropha curcas Physic Nut M S
8 Jatropha gossipifolia Bellyache Bush o] S
9 Pedilanthus tithymaloides | Devil's Backbone o] S
10 Synandenium granti Chameleon Plant o] S

O = Ornamental, W = Weed and M = Medicinal plant
H = Herb, S=Shruband T = Tree

Details of identified plants of Euphorbiaceae family with botanical name, abbreviation used, Common name, nature,
habitat and part used is summarized in table 1. Among selected members of Euphorbiaceae family 50% are
ornamental, 20% weed and 30% medicinal plants. And in the case of habitat of these plants, 30% are herb, 50%
shrub and tree 20%.

Table 3 Comparative milk clotting activity of latex of some members of Euphorbiaceae family

Sr. No. | Botanical name Total activity | Protein | Specific activity
(V) (mg) (U/mg)
1 Euphorbia heterophylla 216.6+28.2 5.8+0.20 | 37.3+4.8
2 Euphorbia hirta 162.0£12.6 3.840.09 | 42.6+3.3
3 Euphorbia milli 157.3+13.9 4.5+0.06 | 34.6+£3.0
4 Euphorbia nerifolia 290.1+21.0 5.3+0.20 | 54.7+£3.9
5 Euphorbia nivulia 315.0+16.7 5.240.30 | 60.5+3.2
6 Euphorbia tirculli 148.2+17.1 1.9+0.10 | 78.4+9.0
7 Jatropha curcas 80.9+10.8 2.0£0.04 | 40.415.4
8 Jatropha gossipifolia 88.1+1.3 2.1+0.03 | 41.9+0.6
9 Pedilanthus tithymaloides | 80.9+10.8 5.7£0.08 | 41.3+2.2
10 Synandenium granti 88.1+1.3 3.8+0.06 | 38.8£3.5

Milk clotting potential of crude enzyme of lattices of plants of Euphorbiaceae family was found to be highest in E.
tirucalli followed by E. nivulia > E. nerifolia > P. tithymaloides. The crude enzyme of other plants possesses
moderate milk clotting activity. The results are comparable with the observations reported by Badgujar and Mahajan
(2012).
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Figure 1 Photo plate of cheese prepared using crude enzyme of plant latex

Papain E. firucalli E. nivulia E. nerifolia P, ithymaloides

Table 4 Nutritional analysis of cheese sample prepared using Cow's raw milk
Sr. No. | Cheese Yield | Moisture | Total solids | Carbohydrate | Protein Fat
1 E. tirucalli 20.73 | 54.3+5.3 | 45.745.3 0.52+0.14 14.66+0.62 | 22.6+3.4
2 E. nivulia 2141 | 51.9+2.4 | 48.1+24 1.26+0.15 15.29+0.52 | 21.2+2.7
3 E. nerifolia 21.30 | 52.1+5.7 | 47.945.7 1.05+0.39 12.14+0.18 | 22.1+1.9
4 P. tithymaloides | 20.49 | 48.3+3.6 | 51.7+3.6 1.0+0.76 13.04+0.92 | 21.5+1.7
5 Papain 23.49 | 42.3+1.8 | 57.7+1.8 2.11+0.68 15.71+0.68 | 19.5+1.3
6 Amul cheese 41.1+1.3 | 58.9+1.3 2.01+0.27 22.56+0.53 | 29.9+1.8

All values are expressed in percentage. Values are expressed as mean + SEM.
Figure 2 Nutritional analysis of cheese sample prepared using Cow's raw milk
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3.1 Yield

The yield of cheese products was determined on the basis of weight of coagulated milk product. Cheese yield
produced from each of the crude enzyme of latex of four plants of Euphorbiaceae was expressed in percentage as
shown in table 3. However, papain gave the highest amount of cheese (23.4%) followed by E. nivulia (21.4%), E.
nerifolia (21.3%), E. tirucalli (20.7%) and P. tithymaloides (20.4%).

3.2 Total solids and Moisture content

Loss of weight and moisture in cheese during storage was observed. The weight loss in cheese during ripening has
been attributed mainly to the loss of moisture (Buffa et al., 2003). The uptake of salt also affects the loss of moisture
(Melilli, 2006). When cheese is salted in brine, it responsible for inward migration of salt into the cheese and the
accompanying transport of water to the outside of the cheese. Cheese samples during ripening in brine conform to
the 'Donnan equilibrium’ which controls the partition of ions between the curd and the brine (Guinee, 2004; Fox et
al., 2004). Total solids was found to increase and moisture content was found to decrease in the following order
Amul cheese > papain > P. tithymaloides > E. nivulia > E. nerifolia > E. tirucalli (Figure 2). Highest total solids
and minimum moisture content was present in Amul cheese.

3.3 Total protein

The ripening of cheese is accompanied by partial protein degradation (Gaya et al., 2005). Proteolytic enzymes such
as rennin are responsible for the formation of nitrogenous products of intermediate size, such as proteoses, peptones,
polypeptides, peptides and free amino acids. Enzymes of micro-organisms act on these and other substances to form
products like amino acids, amines, fatty acids, esters, aldehydes, alcohols and ketones (Fox and McSweeney, 1996).
Cheese serves as a storehouse of essential amino acids, having similar proportion of essential amino acids that is
present in milk except the methionine and cysteine. During the ripening of cheese, part of the water-insoluble casein
is converted into water-soluble nitrogenous compounds including the intermediate products of protein hydrolysis
and free amino acids. (Cross and Overby, 1988). According to Guinee, (2004), salt has a retarding influence on
protein breakdown. Studies by Barac et al., (2013) have shown that during ripening protein content of cheese
decreases. Wolf et al., (1983) reported that salt has selective effect against proteolytic micro-organisms. The
minimum decline recorded for salted samples may be due to the inhibition of micro-organisms and enzyme activity.
Highest protein content was found in Amul cheese (22.5%) followed by papain (15.7%), E. nivulia (15.2%) , E.
tirucalli (14.6%0), P. tithymaloides (13.0%) and E. nerifolia (12.1%0).

3.4 Total fat content

According to Talib et al., (2009) during ripening, gradual decrease in fat content due to breakdown of fat, salt uptake
and continuous loss of degraded components of cheese was observed. Previous studies have indicated that sodium
chloride may inhibit lipolysis in cheese (Wolf et al., 1983). However, within the range 0.5% - 3.0% (w/w) of NaCl
investigated no statistical influence of NaCl on lipolysis was found (Rulikowska et al., 2013). Highest fat content
was found in Amul cheese (29.9%) followed by E. tirucalli (22.6%), E. nerifolia (22.1%), P. tithymaloides (21.5%),
E. nivulia (21.2%), and papain (19.5%).

3.5 Total carbohydrate content

Lactose is one of the basic nutrients consumed by lactic acid producing micro-organisms. Lactose remaining in the
curd is converted into lactic acid. Lactic acid inhibits the growth of undesirable micro-organisms. It is very
important in production of acid flavour in the cheese. It determines the smoothness of the body of the cheese (Van et
al., 2002). Lactose, the major carbohydrate of milk. In addition to lactose, milk contains small amounts of glucose,
galactose, and other saccharides (Jenness, 1988). When milk is coagulated, greater percentage of the lactose is
present in the whey and the remaining in the curd. For this reason, cheese that is prepared from the curd is low in
carbohydrates (Penfield and Campbell, 1990). Highest carbohydrate content was found in papain (2.1%) followed
by Amul cheese (2.0%), E. nivulia (1.2%) E. nerifolia and P. tithymaloides have similar (1.0%), and E. tirucalli
have minimum (0.5%).

4. Conclusion

Milk coagulation is the primary step in the development of texture and flavour of cheeses depend on specific
enzymatic proteolytic degradation of milk compounds a specially proteins. In order to improve textural properties
and the nutritional value of cheeses and in addition to decreasing in the number of young animals has lead the
producers to the investigate alternative milk clothing enzymes of different origins. These include especially
microbial and plant enzymes are commonly accepted for lacto vegetarians. The results showed that milk clotting
enzymes of plant lattices of Euphorbiaceae family have cheese making property. It could be useful in the dairy
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industry as a rennet substitute. The results revealed that, nutritional quality of cheese prepared from milk clotting
enzymes of plant lattices of Euphorbiaceae family is not fully matched with Amul cheese but it is comparable with
cheese prepared using purified papain. However further investigation and attention for nutritional status as well as
quality produced by plant enzymes is essential for matching with Amul cheese. This is possible by enriching cheese
samples with essential nutrients such as mineral, vitamins, amino acids, probiotics and flavoring agents etc.
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