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ABSTRACT 
 
Our objective is to determine the content of protein and of lactose in milk and whey with a new innovative method 
easy to implement and fast, which is based on the coupling of membrane ultrafiltration operations with electrical 
conductivity measurements and measures the severity of the Dry Extract (DE). The proteins and lactose determined 
by the innovative new method was compared with the official method for ten samples. The innovative method gives 
the results accurate and very close to those obtained by the official method for products of milk and whey. 
Compared to the official method, the values obtained by this method have a difference about 2% of protein and 1% 
of lactose. 
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INTRODUCTION 
 

Milk is a white, opaque liquid, twice more viscous than water, slightly sweet taste and the odor not marked [1]. The 
dairy industry generates large amounts of co-products from the manufacture of cheese and butter. The product we 
are interested in this work is the nutrient-rich whey primarily the lactose, globular proteins, a non-protein nitrogen 
fraction, fat and minerals. [2].The composition depends on the origin of the milk and casein coagulation process. 
The major problem is determining the concentration of protein and lactose. In the literature several methods are used 
for analysis of protein determination [3,4,5,6] and the lactose [6,7,8]. 
 
Generally the dairy industry uses the Kjeldahl method [9] or MilkoScan [6], for the determination of protein content. 
As regards the content of lactose, it is determined by  MilkoScan and brix method. However the official Kjeldhal 
method has major drawbacks for protein determination [10]. 
 
Recovery and recycling of raw materials and the environmental protection materials have long become major 
economic and political issues. Numerous by-products of the food industry are released into the environment and thus 
constitute a source of pollution and a considerable loss of certain recyclable materials. Whey, a by-product of the 
cheese is an example that concerns this work. The quantities of whey are important; about 9.5 liters of whey 
produced by 1kg of cheese [2]. The value of this by-product has resulted in the implementation of many processes. 
Yet still about 50% of whey products in the world would not be subject to any treatment [11].  
 
The aim of this study was to determine the content of protein and of lactose in milk and whey with a new innovative 
method easy to implement and fast which is based on the coupling of membrane ultrafiltration operations with 
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measurements of electrical conductivity and gravity measurements of Dry Extract (DE). The content of protein and 
lactose determined by the new innovative method was compared with the official method for ten samples. 
 

EXPERIMENTAL SECTION 
 

Composition of milk 
The main constituents of the milk are shown in Table 1. 
 

Table 1: Composition of milk 
 

Minerals salts 9 
Lactose ; g/kg 48 
Fat; g/kg 37 
Protein; g/kg 34 
Dry Extract; g/kg 128 

 
Composition of cheese whey  
The used whey is a rejection of the plant of the dairy industry of the Meknes city specialized in the 
production of yoghurt and fresh cheeses. The whey was obtained following an acidic coagulation of pasteurized 
milk. After milk coagulation, the whey was separated by centrifugation. The table 2 gives the composition of the 
acid whey. 
 

Table 2: Composition of acid whey 
 

pH 4.3 
Conductivity ; µs/cm 7.5 
Lactose ; g/kg 43 
Fat; g/kg 0.5 
Protein; g/kg 5.5 
Dry Extract; g/kg 60.26 

 
Experimental and procedure 
The experiments were performed in three steps: 
 
Step I: Operation of Ultrafiltration 
The pilot plant of Ultrafiltration (UF) is equipped with one module contains one element. The applied pressure over 
the membrane can be varied from 1 to 10 bars with manual valves. The table 3 gives the characteristic of the 
membrane used in this operation [12]. The steps of the treatment of whey and milk are shown in figure 1. 
 
Pretreatment: 
The whey and the milk undergo mono filtration on a cartridge filter to remove suspended particles and residual 
lipids. 
 
Operation of Ultrafiltration (UF): 
Whey (or milk) pretreated undergoes an ultrafiltration. The UF with a volume reduction factor predetermined, will 
block all protein and fat (UF) in the retentate compartment and let the minerals and lactose in the permeate 
compartment. The Monitoring of the UF operation requires the determination of Volume Reduction Factor (VRF) 
given by the following formula: 

VRF =V0 / VR = V0 / V0-Vp 
 
Vo: represents the initial volume of the crude sample (milk or whey), VR: retentate volume and VP :  Permeate 
volume. 

 
Table 3: Characteristics of the used membrane 

 
Membrane Pmax (bars) pH Tmax (C°) Material 
UF 50 nm 10 3-11 100 Ceramic 

 
Figure 1 shows the diagram of the experimental protocol. 
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Figure 1: Diagram of ultrafiltration process 
 
C1: concentration of proteins (g/kg); C2: Concentration of lactose (g/kg), C3: Concentration of fat content (g/kg); C4: 
Concentration of mineral salts (g/kg); M : Module of ultrafiltration 
 
The composition of the whey and milk before and after UF is given in Table 4. 
 

Table4: Composition of whey and milk before and after Ultrafiltration 
 

                   Composition 
 Parameters 
 

Before UF 
After UF 

Concentrate Permeate 

Fat content (g/kg) C3 X C3 0 
Protein (g/kg) C1 X C1 0 
Lactose (g/kg) C2 C2 C2 
Minerals (ms/cm) C4 C4 C4 

 
Step II:  Conductivity measurements  
The content of minerals is calculated from the measurement of conductivity according to the formula:     

 
Minerals (g/kg) = EC (ms/cm)* X Factor 

 
EC: Electrical Conductivity 
 
Factor X varies depending on the concentration of the product to be treated.  
 
In the range of the milk and whey, the minerals content is derived from the following formula: 
 

Minerals (g/kg) = EC (ms/cm)* 0,758 
Step III: Gravimetric 
The determination of the masses of samples retentate and permeate after weighing using a precision balance and 
after oven-drying is given by the gravimetric measurements. 
 
- Dry Extract (DE) gives the permeate mass of mixture minerals and lactose: 
 

M Permeate = MLactose + MMinerals 

 

- Dry Extract (DE) gives the retentate masse of mixture minerals, lacotse, fat content and protein: 
 

M Retentate = MLactose + MMinerals+ MProtein +M Fat content 

 

- The lactose content is determined from the mass of permeate sample according to the formula: 

M 

Permeate: C3 ; C4 

Retentate:  

C1 ; C2 ; C3 ; C4 

Pretreatment 
Raw whey and 

milk.Composition: C1; C2; 
C3; C4  
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M Lactose = MPermeate - MMinerals 

 

- The protein content is given by the sum of the mass of the retentate sample. 
 

M Protein = MRetentate - (MLactose + Mminerals +MFat content) 
 

- The content of fat is determined by the Gerber method [13]. 
 

RESULTS AND DISCUSSION 
 
Results of analysis of protein and lactose content in the milk 
We note that for the two curves (protein and lactose) have nearly the same pace for both methods. The results 
analyses show that the concentrations of protein content and of lactose by the new innovative method are almost 
constant.  
 
The mean value of milk and whey is respectively about 32; 47 (g/l) and 5.5; 45.5 (g/l). These values are close to 
what is obtained by other authors [13] so our new innovative method used to determined the protein content and 
lactose similar to those found by the official method [5,6]. 
 
Figures 2 and 3 summarize the results of analysis of protein and of lactose content of milk is determined by two 
methods. We perform three repetitions for each sample to reduce uncertainty. 
 

  
 

Figure 2: Variation of lactose content for 10 samples of milk by 
both methods of analysis 

 

 
Figure 3: Variation of protein content for 10 samples of milk 

by both methods of analysis 

Method 1: Innovative method; Method 2: Kjeldahl method 
 

  
 

Figure 4: Variation of lactose content for 10    samples of whey by 
both methods of analysis 

 

 
Figure 5: Variation of protein content for 10 samples of whey 

by both methods of analysis 

Method 1: Innovative method; Method 2: Kjeldahl method 

 
Results of analysis of protein and lactose content in the whey 
The variation of the lactose content of the 10 samples is the diluted effluent whey by the two methods of analysis 
varies in a constant manner with a good percentage. For proteins there is a constant variation for both methods. 
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Figures 2 and 3 summarize the results of analysis of protein and lactose content of whey is determined by two 
methods. We perform three repetitions for each sample to reduce uncertainty. 

 
DISCUSSION 

 
In Morocco, there has never been reported valuation of by-product of cheese (the whey) that is generally evacuated 
to the treatment plant without any treatment. This inhibits the dysfunctional step by the presence of organic 
substances contained in the whey [14].  
 
To address this problem we have tried to develop beginning with the first step to develop the whey from cheese by 
the recovery of the protein that makes up about 20% of milk protein and has a high nutritional value [15]. 
 
In addition to the protein, the whey also contains a significant amount of lactose about 10% [15]. The use of whey to 
produce value-added products will have a very important advantage economically and environmental [16]. The 
practice most widespread is the enrichment of cheese milk protein to increase the cheese yield and the production of 
alcohol from the lactose used as a fermentation substrate. The literature survey shows that the concentration of 
protein and lactose in the whey is respectively about 6; 45 (g/kg) [17]. To the milk is of the order 35; 49 (g/kg) [18]. 
Measurements of the concentration of these two components are given by official methods. 
 
For the Protein, Bradford and Lowry [3, 19] have measured the concentration of protein based of the colorimetric 
and spectroscopic analysis, in this case showed a protein concentration about 6 g/l in the whey. 
 
For the Lactose, official method used for this analysis is that of Allihn-Soxhlet, Spectroscopic [7, 8] shows 
measurements of the concentration of lactose in the whey of the order of 45 g/kg. Despite the use of these methods 
for determining the rate of protein/lactose in the both products, the disadvantages present in these methods limits 
their application. 
 
We recall that the objective of our study is the determination of a new innovative method for the determination of 
the proteins content and lactose in milk and whey than the official method of analysis has many drawbacks, it is a 
slow process and requires a lot of time, chemicals and special equipment and can be a risk of leakage of harmful 
products such as CO2.To overcome the problems for measuring of protein content and lactose by the official method 
in our study is adopted a new innovative method that developed in our laboratory, it is an easy and rapid method and 
does not require a lot of products, which is based on the coupling of three steps, the operations of membrane 
Ultrafiltration (UF) with measurements of electrical conductivity and gravity measurements of Dry Extract (DE).   
 
For both methods the analysis was verified over a hundred samples of milk and whey, we limit ourselves to 
presenting the results of ten samples. The figures 2, 3, 4 and 5 confirm the results obtained for both products. The 
variation curves of protein and lactose in the milk and whey present almost the same curve in the range of 2% of 
proteins and 1% of lactose determined by the innovative method. 
 

CONCLUSION 
 

The use of the new innovative method has enabled us to respond in part to new data to solve problems of the rate 
measurements of protein/ lactose and choose the best method. 
 
The new method is based on the coupling of 3 easy steps to implement, fast does not require much time or product 
and in return gives reliable results. The results of the reliability for this method allow determining the contents of the 
two components (proteins, lactose) at the same time. This method is applicable for both sample of milk and raw 
whey and concentrated. Assay results confirm the feasibility and reliability of this new method. 
 
Acknowledgements 
This work was supported by The Dairy industry (Danone-Morocco). The authors are grateful for this support. 
 

REFERENCES 
 
[1] C.Alais. Principes des techniques laitières. Paris, Editions Sepaic. 4c éd. 814 pages. Science du lait, 1984. 
[2] O.Dıaza, C D. Pereirab, A.Cobosa, Food Hydrocolloids, 2004, 18, 601–610. 
[3] M M.Bradford.. Anal. Biochem, 1976, 72, 248-254. 
[4] H.Delobette, A.Friry; Plewniak et J M Egly. Le dosage des protéines. Biofutur, 1991,41, 3-11. 
[5] P.Smith et al., Anal.Biochem, 1990,150, 75-85. 



Sakina Belhamidi et al                 J. Chem. Pharm. Res., 2014, 6(10):539-544 
______________________________________________________________________________ 

544 

[6] H. Guillou, J P.Pelissier, R.Grappin. Méthodes de dosage des protéines du lait de vache. 1986, 66 (2).143-175. 
[7] P.Demont : Dosage permanganimétrique de l’oxyde cuivreux libéré par les sucres réducieurs.Travaux de Chimie 
alimentaire et d’hygiène, 1940. Vol. XXXI, pages 81-85. 
[8] L.Stryer, J.Mark Berg, L.John. Tymoczko (trad. Serge Weinman), Biochimie, Flammarion, « Médecine-
Sciences », Paris, 2003, 5e éd. (ISBN 978-2-257-17116-0). 
[9] L.Tremblay, M.F.Laporte, J.Léonil, D.Dupont, P.Paquin, Quantitation of proteins in milk and milk products, in: 
P.F. Fox, P.L.H. McSweeney (Eds.), Advanced Dairy Chemistry Vol. 1: Proteins, 3rd Ed, 2003, Kluwer Academic 
Plenum Publishers, New York. 
[10] G. Daufin, G. Gésan, A. Muller, U. Merin, R. Jeantet, C. Bramaud. Industrie laitière : lactosérum dans Les 
séparations par membrane dans les procédés de l'industrie alimentaire, Ed. Tec. Et Doc. Lavoisier, 1998, 7, 310-329. 
[11] B.Batchelder.  Bull.Int.Fed , 1990, 212, 84-90. 
[12] Gerber Method dosage of the fat milk and whey Afnor, 2003, (NF V 04-210). 
[13] K P Kuo, M. Cheryan. J. Food SCi, 1983; 48, 1113-1117. 
[14] M.Larif, A.Soulaymani, A.Elmidaoui. J. Mater. Environ. Sci. 2013 ;4 (3) 432-441. 
[15] J.Beaulieu, C.Dupont, P.Lemieux. Therapy, 2006 ,3, 69-78. 
[16] Ý.Erdem, M.Çiftçioðlu, P.Harsa. Desalination, 2006,189,87- 91. 
[17]A.Hamdani, M.Chennaoui, O.Assobhet, M.Mountadar, Caractérisation et traitement par coagulation-décantation 
d'un effluent de laiterie. Lait, 2004,84, 317–328. 
[18]G.Daufin, G.Gésan, A.Muller, U.Merin, R.Jeantet, C.Bramaud. Les séparations par membrane dans les procédés 
de l’industrie alimentaire, Editions Lavoisier TEC and DOC, Paris, 1998b; Chap 7. 
[19] H.Delobette, A.Friry; Plewniak et J. M Egly  Le dosage des protéines. Biofutur, 1991,41, 3-11. 


