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Abstract – Enrichment in micellar casein of bovine milk for making Kashkaval cheese was studied
in order to face yearly variations in the composition of collected milk. Increase in casein content
from 22.90 ± 0.01 g·kg–1 to 26.10 ± 0.02 g·kg–1 did not request change in the process parameters
and led to cheeses with typical texture and an increase in the recovery of fat and casein in the cheese
due to the acceleration of the organisation of the rennet curd matrix and a greater final firmness. The
cheese yield was increased by 16.9%. On the other hand, increase in casein content to 29.20 ±
0.02 g·kg–1 led to a high increase in the vat acidification and to an unsatisfactory cheddaring step,
which consequently involved protein losses in the draining whey.

micellar casein / standardisation / Kashkaval / rennet coagulation / cheddaring / cheese yield

摘要 – 应用牛乳酪蛋白粉的生产 Kashkaval 干酪。本文主要研究了应用富含酪蛋白的牛乳
生产 Kashkaval 干酪，目的是解决每年收购的原料奶质量不稳定的问题。酪蛋白含量由
22.90 ± 0.01g·kg–1 增加到 26.10 ± 0.02 g·kg–1 时，不需要改变工艺参数，由于酪蛋白含量增加
加速了凝乳基质的形成，最终形成的凝块硬度较高，使得加工出的干酪具有典型的质构，
而且增加了酪蛋白和脂肪的回收率。干酪的产量增加到 16.9% 。另一方面，当酪蛋白含量
增加到 29.20 ± 0.02g·kg–1 时，会加速罐中的酸化反应，并且在排乳清的过程中蛋白质流失，
导致堆酿效果不理想。

酪蛋白胶团 / 标准化 / Kashkaval / 酶凝固 / 堆酿 / 干酪产量

Résumé – Fabrication de Kashkaval à partir de lait enrichi en caséine micellaire. La transfor-
mation de laits de vache enrichis en caséine micellaire en fromage Kashkaval a été étudiée dans le
but d’utiliser cette standardisation pour pallier les variations annuelles de composition des laits col-
lectés. L’accroissement de la teneur en caséine de 22,90 ± 0,01 g·kg–1 à 26,10 ± 0,02 g·kg–1  ne
requiert aucune modification du procédé de fabrication et conduit à des fromages de texture typique
et à une rétention accrue de la matière grasse et de la caséine dans le fromage en raison d’une ciné-
tique d’organisation accélérée et d’une fermeté finale supérieure du coagulum présure. L’augmen-
tation du rendement en fromage déterminée était de 16,9 %. Par contre, l’accroissement de la teneur
en caséine à 29,20 ± 0,02 g·kg–1, en raison de l’élévation du pouvoir tampon du caillé, entraînait un
allongement de son acidification et ne permettait pas une « cheddardisation » satisfaisante, ce qui
conduisait à des pertes en protéines dans le lactosérum d’égouttage. 

phosphocaséinate natif / standardisation / coagulation présure / cheddardisation / Kashkaval /
rendement fromager
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1. INTRODUCTION

Use of cheese milk with a standardised
increased content in native micellar casein
by membrane microfiltration (MF) as pro-
posed by Maubois et al. [11] is increasing
for the making of both traditional and new
varieties of cheese. In addition to the poten-
tial high added value of the obtained co-
product “the ideal whey”, the use of the
casein-enriched milk leads to an improve-
ment of the technological properties: accel-
eration of the development of curd firmness,
increased firmness and consequently, a
higher cheese yield resulting from the
decrease in losses in curd fines in the
expelled traditional whey [4, 11, 14–16].

Enrichment of cheese milk in native
micellar casein can be realised daily in
plants possessing the required specific MF
equipment but it can also be done by adding
sporadically native micellar casein powder
prepared as described by Pierre et al. [12],
Schuck et al. [16] and Saboya and Maubois
[13] at periods of the year where the casein
content of the collected milk is low. 

The aim of this study was to determine the
effects of standardisation of the casein content
of bovine milk by addition of native micellar
casein on the technological parameters,
qualities and cheese yield during the process
of making “Kashkaval” cheese, one of the
most popular Balkan cheese varieties [8].

2. MATERIALS AND METHODS

2.1. Milk and cheese-making process

The skim milk (heat-treated at 63 °C–30 s)
and cream used were from an industrial
plant (C.L.E., Montauban de Bretagne,
France). Calcium chloride solution was
from Humeau Laboratory (Nantes, France).
Rennet extract (chymosin 520 mg·L–1 ) was
from Gand-Gassiot (Lyon, France). 

The native micellar casein (NMC) solution
used for enrichment of the cheese milk was
prepared as follows : NMC powder with a
casein content of 748.5 g·kg–1 (analytical
characterisation is given in Tab. I) was
added to distilled water at 50 °C and thor-
oughly homogenised with an Omni-Mixer

Homogeniser running at 10 000 rpm for
10 min; the solution obtained (casein con-
tent: 125 g·kg–1) was cooled down at 4 °C
for 12 to 14 h and then heated to 20 °C
before addition to reference skim milk.

Starters were prepared as follows: addi-
tion of frozen active specific strains of
Lactobacillus bulgaricus and Streptococ-
cus thermophilus in a ratio 1:1 to 2 L of ster-
ile (110 °C–20 min) skim milk, incubated
at 43 °C until it reached a pH of 4.25 and a
titrable acidity of 90°D; then, distributed in
sterile bottles. Lactococcus  helveticus starter
was prepared from the same sterile skim
milk, but with incubation at 37 °C for 18 h
until it reached pH 4.20 and a titrable acidity
of 90°D. Sterile bottles of each starter were
frozen at –25 °C, and before use, frozen
starters were thawed in a cold room (+4 °C)
for 12 to 14 h and then thoroughly mixed in
a ratio 1:1.

Reference skim milk with a low casein
content (22.90 ± 0.01 g·kg–1) was prepared
by diluting industrial skim milk at 20 °C
with sterile water (casein content: 27 g·kg–1).
Then, pasteurised cream (fat content:
380 g·kg–1) was added in order to obtain a

Table I. Analytical characterisation of native
micellar casein powder.

Contents (g·kg–1 )  

Total solids 919.80

TNM (N × 6.38) 822.90

NCN 74.30

NPN 5.90

Casein 748.60

Lactose 18.20

Ashes 79.50

Ca total 28.50

Na total 0.10

P total 16.40

Properties

pH (10% TS at 20 °C) 7.09

Solubility (ADPI – 24 °C) >72.0%

Dispersibility (20 °C) >20%

Mouillability (20 °C) >60 s

Water activity (25 °C) 0.28
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cheese milk with a fat content of 29.20 ±
0.02 g·kg–1 and a casein/fat ratio of 0.78 ± 0.03. 

Experimental casein-enriched milks: in
reference low-casein skim milk, NMC
solution was added in order to obtain casein
contents of 26.10 ± 0.02 g·kg–1 and 29.20 ±
0.02 g·kg–1. Then, cream was added to
obtain a casein/fat ratio of  0.78 ± 0.03 and
thoroughly mixed. “Kashkaval” cheeses
were made according to the traditional proc-
ess [3, 8] through the use of 10-L microvats
type CF 10 L, Microcor III  PR (Pierre
Guérin, Niort, France).

2.2. Analytical determinations

Milk, cream, whey, NMC solution and
cheese samples were characterised through
the following : pH at 20 °C, titrable acidity
in °D, total solids (7 h in an oven at 102 °C
–105 °C), fat by acid butyrometric Gerber’s
method, chloride by chloride meter (equip-
ment 926, Corning, Medfield, USA), Total
Nitrogen Matter (TNM) (N × 6.38) by
Kjeldhal (Kjeltec Auto 1035, Foss Electric,
Hoganas, Sweden), non-casein nitrogen
(NCN), non-protein nitrogen (NPN) accord-
ing to Aschaffenburg et Drewy [1], ashes at
550 °C by the AOAC method, total contents
in Ca, K, Na and Mg by atomic absorption
spectrophotometry on Varian 330 equip-
ment (Les Ulis, France) according to Brulé
et al. [2], and phosphorus content according
to the IDF standard [6].

Water activity (aw) in the cheeses was
determined with a Novasina aw-Centers
(Pfäffikon, Switzerland) at 25 °C.

The rennet coagulation properties of the
milks were determined with Formagraph
equipment (Foss Electric, Nanterre, France)
by the measurement of 4 parameters: coag-
ulation time R in minutes, firmness kinetics
by K20 in minutes and aR and a2R in mm,
respectively, coagulum firmness after
times equal to once and twice R. For these
determinations, milk samples were main-
tained at 33 °C for one hour in order to re-
establish casein and mineral equilibria, and
pH was adjusted to 6.50. Then, 10 mL of each
milk sample were renneted with 50  µL of a
rennet commercial extract, diluted 20 times.

All results are the average of 4 experi-
ments or determinations.

The buffering capacity of all milks was
determined through the use of lactic acid
0.13 mol·L–1 up to pH 4.60, according to
Brulé et al. [2].

Triplicate experiments on the pilot scale
with 20 kg of each cheese milk allowed the
determination of the proportions of  total
solids, fat and TNM recovered in the
cheeses. The proportions of fat and TNM
recovered in the cheese as well as the real
cheese yield at d+1 and the corrected cheese
yield (adjustment of the weight of cheese at
40% moisture expressed in kg of cheese
obtained for 100 kg of cheese milk) were
calculated according to the equations
described by Vandeweghe [17]. 

3. RESULTS AND DISCUSSION

The composition, pH and titrable acidity
of the cheese milks carried out in the study
are summarised in Table II. As expected,
addition of NMC increased not only casein
and TNM contents but also total ashes and
Ca contents because of the Ca Phosphate
salts bound to micellar casein. This increase
in casein content (+ 3.2 and + 6.3 g·kg–1 for
E1 milks and E2 milks) and in ashes (+ 0.2
and + 0.5 g·kg–1 for E1 milks and E2 milks)
originated an increase in the buffering
capacity of the casein-enriched cheese milks
(Fig. 1). To reach pH 4.60, addition of
26 mL of a 0.13 mol·L–1 lactic acid solution
was requested for reference milk vs.,
respectively, 32 and 36 mL for trials E1 and
E2. If rennet coagulation time was not
affected by casein increase in cheese milks
as shown by Maubois and Mocquot [10]
and Garnot [7], other parameters (K20, aR
and a2R) describing the organisation of
coagulum kinetic and final curd firmness
were affected as indicated in Figure 2 and
thus, in agreement with the results obtained
by Daviau et al. [5].

One of the key steps of the making proc-
ess of Kashkaval is the cheddaring one,
which is ruled by numerous parameters,
reviewed by Lawrence et al. [9]. Among
them, the most important is the extent of
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acid production in the vat, which largely
determines the solubilisation of colloidal
calcium, the concomitant disaggregation of
casein micelles and the rate and the compo-
sition of the expelled whey. The resulting
curd, mainly formed of monocalcium para-
caseinate, has the right composition for the
specific texturising following steps (mechan-

ical kneading and stretching in hot brine) [8].
Probably because of their higher buffering
capacity, acidification in the E2 bench trials
to reach pH 5.1 took more time than for the
reference and E1 trials (250 min instead of
150 min) as shown in Figure 3. Such an
increase in the processing time added to the
very bad texturising ability seen and the

Table II. Analytical characterisation of the cheese milks.

Contents                            Cheese milks

Reference Trial E1 Trial E2

Total solids (g·kg–1) 109.80 ± 0.32 116.60 ± 0.28 123.40 ± 0.32

Fat (g·kg–1) 29.50 ± 0.20 33.50 ± 0.22 37.20 ± 0.23

TNM (N × 6.38) (g·kg–1) 29.80 ± 0.07 33.30 ± 0.06 36.50 ± 0.07

NCN (g·kg–1) 6.90 ± 0.04 7.20 ± 0.05 7.30 ± 0.04

NPN (g·kg–1) 1.60 ± 0.02 1.70 ± 0.02 1.72 ± 0.02

Casein (g·kg–1) 22.90 ± 0.01 26.10 ± 0.02 29.20 ± 0.02

Ashes (g·kg–1) 6.70 ± 0.05 6.90 ± 0.05 7.20 ± 0.06

Ca total (mg·kg–1) 1100 ± 10.8 1210 ± 12.9 1320 ± 13.2

Casein/Fat 0.78 ± 0.03 0.78 ± 0.03 0.78 ± 0.03

Casein/TNM (%) 77 ± 0.50 80 ± 0.45 81 ± 0.53

pH (at 20 °C) 6.78 ± 0.04 6.79 ± 0.04 6.79 ± 0.04

Acidity (°D) 16.0 ± 0.05 16.0 ± 0.05 16.0 ± 0.05

Figure 1. Variation in buffering capacity according to the casein content.
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great change in the curd structure led to us
not using E2 cheese milks to make
Kashkaval cheeses on the pilot scale. 

The average compositions of wheys col-
lected 30 min after scalding (in hot brine
72 °C–14% NaCl) and pressing of the curd
are given in Table III. Total solids and fat
contents decreased in wheys expelled from
casein-enriched cheese milks, but if the dif-
ferent nitrogen forms were lower in E1
wheys than in reference cheese milks, that
was not the case for E2 wheys. The deter-
mined increases ( per kg: + 2.2 g in TNM;
+ 0.8 g in NCN; + 1.4 g in casein) confirmed
the inability of E2 curds to be handled in an
identical way to the other cheese milks. 

The average compositions of bench ref-
erence and E1 cheeses after 45 days of rip-
ening are given in Table IV. Increase in
casein content of the cheese milks did not
alter the biochemical or physical parame-
ters (pH and aw) of the cheeses, probably
because of the casein/fat ratio standardisa-
tion of the milk to the value of  0.78 ± 0.03.

The proportions of total solids, fat and
TNM recovered in the cheeses are shown in
Table V. Casein enrichment from 22.90 ±
0.01 g·kg–1 to 26.10 ± 0.02 g·kg–1 increased
the fat recovery by 2.5% and the casein

Figure 2. Rennet coagulation parameters of the
three different milks. R: coagulation time; K20:
firmness kinetics; aR: coagulum firmness after
time equal to R; a2R:coagulum firmness after
time equal to twice R.

Figure 3. Lactic acidification of the three curd types.
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Table III. Average composition of whey expelled 30 min after curd scalding and pressing.

Contents
(g·kg–1)

Products 

Reference Trial E1 Trial E2

Total solids 62.0 ± 0.18 60.10 ± 0.15 59.80 ± 0.12

Fat 2.50 ± 0.02 2.20 ± 0.01 2.00 ± 0.1

TNM (N × 6.38) 10.3 ± 0.05 9.40 ± 0.04 12.50 ± 0.06

NCN 7.50 ± 0.05 7.00 ± 0.07 8.30 ± 0.07

NPN 2.10 ± 0.02 2.10 ± 0.02 2.20 ± 0.02

Casein 2.80 ± 0.05 2.40 ± 0.02 4.20 ± 0.07

Table IV. Composition of ripened cheese (d45).

Contents Products

Reference Trial E1

Total solids (g·kg–1) 622.10 622.90

TNM (g·kg–1) 287.60 289.90

NCN (g·kg–1) 25.80 27.10

NPN (g·kg–1) 12.20 13.30

Casein (g·kg–1) 261.80 262.80

Fat/TS (%) 46.59 46.66

Casein/TS (%) 42.08 42.19

Casein/TNM (%) 96.53 96.40

NaCl in moisture  (%) 2.46 2.10

Ashes (%)
P (%)
Ca (%)
K (%)
Na (%)
Mg (%)

47.80
0.53
0.87
0.61
2.02
0.030

50.40
0.55
0.91
0.67
2.04
0.032

pH 5.33 5.45

Water activity 0.924 0.926

Table V. Total solids, fat and TNM recovery percentages and cheese yields.

Recovery 
(%)

Products

Reference Trial E1

Total solids 45.91 50.36

Fat 77.39 79.93

TNM
Casein

75.94
95.36

76.73
98.87

Yield in kg per 100 kg of cheese milk

observed 8.15 9.53

corrected (40% H2O) 8.45 9.88
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recovery by 3.5%. The cheese yielding
capacity either for non-corrected or for 40%
moisture was increased by 16.9%.        

4. CONCLUSION

This study demonstrates that totally
satisfactory Kashkaval cheese can be obtained
from cow’s milk whose casein content is
standardised to 26.10 ± 0.02 g·kg–1 by
addition of native micellar casein obtained
through a MF membrane of 0.1 µm.
Improved recoveries of total solids (+ 4.4%),
fat (+ 2.5%) and casein (+ 3.5%) were
determined, as well as a high increase in
cheese yield (+ 16.9%). A higher increase
in the casein content to 29.20 ± 0.02 g·kg–1

if it accelerated curd matrix formation (K20 =
9 min and 51 s vs. 16 min and 19 s in
reference milk) certainly requires changes
in the process parameters in order to have
satisfactory acid production and cheddaring
times, and cheese texture.
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