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                                                                            Abstract 

Milk protein has a wide range of potential health benefits and functional properties. 

Milk protein based health supplements are quite popular in India and all over the 

world especially among the people aware about their health and wellness. These 

products are marketed at premium rates, but quality of these products is rarely 

checked. Even FSSAI has not suggested any analytical tools or methods to assess 

the quality of health supplements. Thus, the present study was undertaken to 

evaluate the quality of milk protein based health supplements and also to check 

the suitability of existing methods to assess the quality of these product using raw 

ingredients like Whey Protein Concentrate (WPC), Micellar Casein and Milk Protein 

Concentrate (MPC). For protein estimation, 3 methods have been used i.e. 

Kjeldahl, bicinchoninic acid (BCA) and Lowry assay and found that Lowry assay is 

better method for calculating the true protein in milk based ingredients as estimated 

protein values well correlated with reference method i.e. Kjeldahl method. For 

validating the same, blends of different raw ingredients (WPC, MPC, Micellar 

casein) and urea equivalent to the 1% protein have been made and found that 

spectrophotometric methods are more authenticated as these are based on biuret 

reaction and measure only true protein and not the non-protein nitrogen. Overall 

composition of raw ingredients like moisture, ash, minerals etc. was also estimated 

and compared to the health supplements. Total 12 samples of whey protein based 

health supplements were procured from local market and analysed. It was found 

that the protein content in 59% samples, fat content in 35% was varied from their 

claimed values. Individual proteins (α-lactalbumin, β- lactoglobulin) were also 

estimated using HPLC method and results indicated that in 2 samples, the ratio of 

α-lactalbumin and β-lactoglobulin was not 1:3 indicating alteration in the proteins 

used for manufacturing such blends. Lactose content varied from 2.63 to 59.97% 

and one samples also contained carbohydrate other than lactose. Moisture content 

and ash content varied from 1.9 to 5.73% and 2.5 to 5.79%, respectively. Although 

it was not mentioned on the label, all the samples were tested positive for presence 

of urea and caffeine indicating fraudulent use of urea for increasing Kjeldahl 

nitrogen and caffeine as a stimulant. Urea and caffeine contents in the samples 

ranged from 0.043 - 0.93% and 1.03 – 8.02 ppm respectively, which is much higher 

than the raw ingredients. Thus, it was concluded that overall 25% samples 

significantly varied from their claimed values and none of the samples followed the 

FSSAI guideline that the list of ingredients should be given in descending order. 



lkjka'k  

nw/k izksVhu lfgr laHkkfor LokLF; ykHk vkSj dk;kZRed xq.kksa dh ,d foLr`r Ja[kyk gSA izksVhu ;qDr nw/k 

LokLF; ds fy, ykHknk;d gS] blfy, Hkkjr lfgr fo'o esa dkQh yksdfiz; gSA nw/k fufeZr mRikn LokLF; 

vkSj dY;k.k ds ckjs esa yksxksa dks tkx:d djrs gSaA bu mRiknksa dk foi.ku çhfe;e njkssa ij fd;k tkrk 

gS] ysfdu bu mRiknksa dh xq.koRrk dh tk¡p 'kk;n gh dHkh dh tkrh gSA ;gka rd fd ,Q,l,l,vkbZ 

us LokLF; dh [kqjkd dh xq.koRrk dk vkadyu djus ds fy, fo'ys"k.kkRed midj.kksa ;k rjhdksa dk 

lq>ko ugha fn;k gSA gkykafd] orZeku esa eV~Bk izksVhu dkWUlsaVªV ¼MCY;wihlh½] ekbLyj dSlhu vkSj feYd 

izksVhu dkWUlsaVsªV ¼,eihlh½ tSls vo;oksa dk mi;ksx djds nw/k izksVhu vk/kkfjr LokLF; dh [kqjkd dh 

xq.koRRkk dk ewY;kadu djus dh O;oLFkk dh xbZ gSA izksVhu ds vkadyu ds fy, rhu fof/k;ksa dk mi;ksx 

fd;k x;k gSA izFke fof/k tsYMgky] f}rh; fcfludksfud ,flM ¼chlh,½ o rhljh yksjh ij[k fof/k gSA 

buesa ls yksjh ij[k fof/k nw/k vk/kkfjr vo;oksa esa okLrfod izksVhu dh tkap djus ds fy, lcls T;knk 

mi;qDr gSA vuqekfur izksVhu dh tkap ds fy, lanHkZ fof/k ;kuh tsYMgky fof/k lgh gSA bl fof/k ds 

rgr 1 izfr'kr iksVhu ds lerqY; vifj"d`r dPps eky ¼MCY;wihlh] ,eihlh] ekbØsfy;j dSflbu½ dk 

feJ.k cuk;k x;k] vkSj ik;k x;k fd LisDVªksQksVksesfVªd rjhds vf/kd izekf.kd gSaA tks fd ew=o/kZd 

izfrfØ;k ij vk/kkfjr gSa] vkSj dsoy lgh izksVhu dks ekirs gSaA bl fof/k esa ;g Hkh ik;k x;k fd ueh] 

jk[k] [kfut vkfn dPPks eky dh vkSlr ljapuk Hkh LokLF; dh [kqjkd dh rqyuk esa vuqekfur FkhA ogha 

LFkkuh; cktkj ls eV~Bk izksVhu vk/kkfjr gsYFklqIiy ds dqy 12 uewus [kjhns x, vkSj mudk fo'ys"k.k 

fd;k x;kA ftlesa ik;k fd 59 izfr'kr uewuksa esa izksVhu lkexzh ] 35 izfr'kr olk lkexzh fd, x, nkoksa 

ls fHkUu FkhA ,pih,ylh fof/k dk mi;ksx djrs gq, bafMafctqqoy izksVhul  (α-lactalbumin vkSj β-

lactoglobulin) dk Hkh vuqeku yxk;k x;k FkkA 2 uewuksa esa α-lactalbumin vkSj β-lactoglobulin 

dk vuqikr 1%3 izksVhu esa feJ.kksa ds fuekZ.k ds fy, bLrseky fd, x, izksVhu esa ifjorZu  FkkA ySDVkst 

dh ek=k 2.63 ls 59.97% Fkh vkSj ,d uewus esa ySDVkst ds vykok vU; dkcksZgkbMsªV Hkh FksA ueh lkexzh 

o jk[k dh ek=k 1.9 ls 5.73% vkSj 2.5 ls 5.79% rd fHkUu FkhA gkykafd] yscy ij bldk mYys[k 

ugha fd;k x;k Fkk] lHkh uewuksa dk ijh{k.k fd;k x;k] ftlesa dSQhu ,d mRrstd ds :i esa vkSj 

ukbVªkstu c<+kus ds fy, ;wfj;k ds diViw.kZ mi;ksx dk ladsr gSA uewuksa esa ;wfj;k vkSj dSQhu dh ek=k 

Øe'k% 0.043 ls 0.93%  vkSj 1.03% ls 8.02  ihih,e Fkh] tks dPps eky dh rqyuk esa cgqr vf/kd 

gSA bl izdkj ;g fu"d"kZ fudkyk x;k fd dqy feykdj  25 izfr'kr uewus nkok fd, x, ewY;ksa ls fHkUu 

FksA lkexzh dh lwph dks vojksgh Øe esa fn;k tkuk pkfg, ] tcfd bu uewuksa esa ik;k x;k fd 

,Q,l,l,vkbZ ds fn'kk funsZ'kksa dk ikyu ugha fd;k x;k gSA    
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1. INTRODUCTION  

 
Mammary secretion habitually referred as milk, which is produced by milking of 

healthy milch animals without either addition thereto or extraction therefrom. The 

protein content in bovine milk is 3.5%, fractioned into two fragments i.e. casein 

and whey protein and their proportion is 80:20 (Patterson et al., 2019). Milk 

protein is considered as the model ingredient for manufacturing the foods intended 

for certain nutritional purpose as it comprises great amounts of bioavailable amino 

acids. In dairy industries different type of milk protein products are being 

manufactured including caseins, caseinates, milk protein isolates (MPI), milk 

protein concentrates (MPC), whey powders, whey protein concentrates (WPC: 50-

80%) and whey protein isolates (WPI: ~90%) (McGregor and Poppit, 2013).  

 Whey protein is considered as complete protein as it comprises all the 20 

amino acids as well as essential amino acids and their amount is in the proportion 

as required in the human body. The protein digestibility corrected amino acid score 

(PDCAAS) and biological value (BV) of whey protein are 1.00 and 104, 

respectively (Patterson et al., 2019). Whey protein is reflected as “fast” protein as 

it digests rapidly and thus increases amino acid concentration in blood at a faster 

rate than casein, while casein is reflected as “slow” protein, because it evacuates 

gradually from the stomach and thus leading to a prolonged and slow appearance 

of amino acids in the blood (Patterson et al., 2019). Indian market of whey protein 

is expected to develop at a CAGR of about 20% from 2017 to 2022 

(researchandmarket.com). The casein can be fractionated as - αs1, αs2, ß, and k-

CN. Generally the amount of protein in high protein milk powders ranges from of 

50–85% and are generally denoted as milk protein concentrates (MPCs) and 

these are usually characterised based on the protein content like MPC56, MPC70 

and MPC85 containing protein of 56, 70 and 85 %, respectively (Singh et al., 

2007). 

Health supplements defined as the foods, specifically processed or 

manufactured to fulfil the individual dietary requirements. These requirements are 

either due to any biological or physical condition or due to any disease and 

disorders. These supplements are served as it is. The composition of supplements 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/casein
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/milk-protein-concentrate
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/milk-protein-concentrate
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/whey-powder
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/whey-protein-concentrate
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must be different from the normal foods having nature comparable to it. Health 

supplements also referred as food or dietary supplements. Powder, tablets and 

capsules etc. are the common form of dietary supplements.  

According to FSSAI,  

“Health supplement’ is a dietary substance(s) which is used by human beings in 

their diet for supplementing the diet. It may include ingredients like: 

(a) Plant  or the powder, extract or concentrate of their parts  

(b) Protein, minerals or vitamins, amino acids, enzymes or  

(c) Constituents of animal sources. 

And these supplements cannot be used as conventional food”. 

Health supplements are different from the foods for special medical purposes or 

foods for special dietary uses or normal foods as they are meant for different 

purpose. The first regulation in India for Health supplements and Neutraciticals 

has been executed from 1st January 2018. A collaborative initiative has been 

established by “International Alliance of Dietary Supplements Associations” 

(IADSA) and “Confederation of Indian Industries” (CII) under the “Resource Centre 

on Health Supplements and Neutraciticals” (ReCHaN). 

There are 3 types of Milk Protein based Health supplements are available in 

market: 

1. Whey Protein based Health Supplements 

2. Casein based Health Supplements  

3. Milk Protein based Health Supplement 

Whey protein isolate (WPI), whey protein concentrate (WPC), 

glycomacropeptide, whey protein hydrolysate (WPH) are the base ingredients 

being used for the production of whey protein based health supplements. Milk 

Protein based supplements are principally manufactured by combining milk 

protein and some non-dairy constituents like cocoa based products, flavour, 

caffeine, artificial sweeteners etc. They should not be marketed as the 

supplements for diagnosing, treating or curing any disease which means that the 

manufacturers cannot make claims like “treats heart diseases” or “lowers high 

cholesterol” for these products (ReCHaN). 
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These products are gaining popularity among health conscious individuals 

because products of milk protein are beneficial for the health. Such products are 

aggressively marketed in health fitness centres across India. Due to increase in 

the awareness about the health and wellness, consumers are demanding more 

value in these supplements. Consumption of milk protein is increasing consistently 

in India as well as in the world. Different varieties of these products are abundantly 

available in market. Although a wide range of supplements are accessible in 

market, the products containing protein are constantly most popular among all 

these supplements. Thus, adulteration in these products is more common with 

substitute products such as inexpensive proteins having lower biological value 

(Andrade et al., 2019). 

  There is no well-matched regulation for milk protein based health 

supplements in most of the countries. Lack of a specific regulation and better 

observance in the manufacturing process of health supplements may result in 

irreconcilabilities between the content and label. There are so many risks allied 

with the use of unregulated health supplements including absence of active 

ingredients, presence of unsafe materials (like foreign objects and microbiological 

agents), toxic agents and also the occurrence of potentially dangerous drugs 

(Lukacs et al., 2018). There are so many cases of athletes or sports persons failing 

the doping test because they were using the dietary supplements. Due to the use 

of dietary supplements, there are also evidences of health problems and of serious 

adverse happenings, also small number of fatalities (Danezis et al., 2016). 

Generally these products are marketed at superior rates, but quality of these 

products is not checked regularly being available in unregulated environment. No 

specific quality parameters are available for marketing of such products. 

Regulatory bodies of India like FSSAI also has not proposed any analytical tools 

or methods for the assessment of the superiority of milk protein based health 

supplements. Numerous reports in the literature has indicated the adulteration of 

such products with different components like maltodextrin, melamine, plant 

proteins, other nitrogenous compounds (urea, ammonium sulphate) with low 

biological values etc. As the major component in such products is protein, the 

adulteration of such produces with high nitrogen-based substances is very 

common (Finete et al., 2013). 
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  As already been mentioned that these products are often mixed with 

caffeine, cocoa powder, non-nutritive or nutritive sweeteners and other 

nitrogenous sources, so it may be a challenge to estimate the true protein content 

as Kjeldahl method is susceptible to manipulation being targeting the nitrogen 

compounds. Kjeldahl method is not an effective method for detecting the 

adulteration as apart from determining the total nitrogen of protein, it also 

determines other nitrogenous compounds like ammonium sulphate, melamine, 

and urea added to the samples.  At laboratory level, there is no method available 

that can detect each and every substance declared on the label of health 

supplements, thus the complexity of supplements is also a great challenge (Moore 

et al., 2012). So, we require a method to determine the true protein content as well 

as the milk protein content in these products. It is also required to develop the 

methods for determining the composition, various components or adulterants, 

mineral profile for developing the analytical tools to evaluate the quality of health 

supplements (Maughan et al., 2013).  

Hence, to address the above-mentioned problems, the present research 

work entitled as “Assessment of analytical methods for validating the claims 

of Milk protein based health supplements” has been proposed with the 

following objectives: 

1. To check the suitability of existing methods to assess the quality of milk protein 

based health supplements. 

2.  To analyse composition of various milk protein based health supplements. 
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                                                2. REVIEW OF LITERATURE 

 

Milk proteins are nutritionally important and provide a varied range of functional 

properties. For the production of milk proteins, several methods have been 

developed. Different milk protein products have been designed for particular 

applications including whey powders, whey protein isolates and concentrates, 

caseins and caseinates, and milk protein isolates and concentrates.  

2.1 Health supplements 

Health supplements are foods which are specially processed to satisfy 

particular dietary requirements. The purpose of these supplements is for balancing 

the diet, compensating the lack of nutrients, maintenance of health, improving the 

appearance and enhancement of sports as well as sexual performances. These 

supplements are very popular throughout the world with the major market is being 

shared by the U.S. and European countries. The value for sports supplements in 

global market is projected to approximately double in the 2015-2021 period, 

summiting at $13.6 billion. While the protein supplements accounted for 4905.9 

million USD in global market in 2017 which is expected to touch 9785.8 million 

USD by 2026 rising at a compound annual growth rate (CAGR) of 8.0% 

(Persistence Market Research, 2016). While the market of sports nutrition in India 

is worth Rs. 1376 crore and estimated to grow at a CAGR of 22.8% by 2023 and 

there is 65% growth in products related to sports nutrition product introduced in 

India in 2018 as compared to the data of 2015 to 2017 as per Mintel Global data 

(Financial Express, 2019). Dietary supplements market in India is estimated to 

grow at a CAGR of 11.60% during the period of 2016 to 2021. Milk protein based 

health supplements accounts for substantial market of dietary supplements. Fig. 

2.1 depicts the share of different types of supplements in the market (Research 

and Market.com, 2018). 
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           Fig. 2.1   Share of different types of supplements in Indian market 

2.2 Milk protein – A quality protein 

  Nowadays milk protein based health supplements are very popular among 

health conscious public due to growing awareness about the health benefits of 

milk protein. Milk is a source of complete and balanced diet and consists of several 

valuable constituents. Significant nutritional advantages of milk are mainly 

because of the nutritive value and biological properties of milk proteins. Proteins 

are the complex molecules and their structural basic units are amino acids. Protein 

is important for various nutritional, physiological and functional activities. Milk is a 

well-known source of high-grade proteins which supplies major and important 

amino acids which in turn contribute in absorption of various trace elements and 

nutrients (Sharma et al., 2011). Milk protein is a source of various bioactive 

peptides which imparts various biological functions (Nagpal et al., 2011). Milk 

proteins, primarily from whey are acknowledged as an important functional food 

(Smithers, 2008). Nutritionally whey proteins have been recognised superior over 

casein in various aspects. More than 300 amino acids have been found in nature, 

out of which only 20 contributes in building of proteins (Wu, 2009). Whey protein 

is recognised as complete protein because it consists all the 20 amino acids 

including 9 essential amino acids in the same proportion as required for human 

body. Out of 9 essential amino acids, 3 are branched chain amino acids (BCAA) 

having unique characteristics (Sanz et al., 2017). Milk is the richest source of 

BCAA like leucine, valine and isoleucine as compared t other sources of protein. 

BCAAs, especially leucine, prevent muscle wasting and also stimulates muscle 

protein synthesis even in high protein breakdown condition. Whey proteins being 

rich source of BCAAs, are highly soluble under acidic condition of stomach 

causing their fast digestion and thus are also called “fast protein” or “fast-digested 
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proteins” (Cynober et al., 2003). While casein are reflected as “slow protein” or 

“slow-digested protein” as it gets clotted under the acidic condition of stomach and 

released slowly in small intestine (Bos et al., 2003). Patterson et al., 2019, also 

reported that the digestion as well as absorption of casein occurs slowly as 

compared to the whey proteins. Milk proteins have various health benefits as they 

contain higher amount of sulphur containing amino acids like methionine and 

cysteine which are precursor amino acids of glutathione. Glutathione is a tripeptide 

having antioxidant, immune-stimulatory and anti-carcinogenic properties. Whey 

proteins also helps in enhancing the serotonin activity which helps in sound sleep, 

stress reduction, supports immune system, helps to build lean physique by 

decreasing extra fat from the body, increases energy level and higher metabolic 

rate (Hoffman and Falvo, 2004). 

Different benefits of milk protein specifically whey proteins are discussed below: 

2.2.1 High nutritional value   

Nutritive value is the measure of contribution of any food to the nutrient 

content of the diet. Nutritive value depends upon absorbed and digested quantity 

of food and also on the essential nutrients (protein, carbohydrate, fat) amount. As 

whey protein has good digestibility and also contains substantial amount of EAAs, 

thus it is considered as protein containing higher biological value and nutritive 

value (Smithers, 2008). 

2.2.2 Essential amino acids   

An essential amino acid is an amino acid which has to be taken from outer 

sources because it cannot be synthesized de novo by living beings. There are 9 

essential amino acids e.g. histidine, lysine, leucine, threonine, isoleucine, valine, 

tryptophan, methionine and phenylalanine. Milk protein mainly whey protein is an 

excellent source of essential amino acids as compare to the other protein sources. 

All the essential amino acids which are necessary for growth of human body are 

present in sufficient quantity in whey (Gürsel, 2015). The critical factor for repairing 

and growth is leucine. It is needed for promoting the muscle protein synthesis. 

Some amino acids are also supplied by leucine in greater amount, which are 

necessary for stimulating the muscle growth (Pennings et al., 2012). 



- 8 - 
 

2.2.3 High biological value   

The amount of absorbed protein from a food which is retained by the body 

to do the physiological functions is called biological value. Biological value also 

signifies that how readily and efficiently consumed protein can be utilised by 

human body. Whey protein is considered as the ideal protein for body building, 

athletes, sports person and fitness as they have quick digestibility and also due 

to their high biological value. 

Table 2.1 Biological values of different protein sources  

Protein source    Biological value  References  

Whey protein  104   Hoffman and Falvo (2004 )  

Casein  77   Hoffman and Falvo (2004 )  

Soybean  94.5  Cahill et al. (1944 )  

Egg  95-100  Sumner (1938)  

 

2.2.4 Sulphur containing amino acids  

          Out of different milk proteins, casein contains less sulphur containing amino 

acids like methionine and cysteine. α-s1 and β-casein does not contain cysteine 

or cystine but k-casein and α-s2 contains 2 cysteine residues per mole. The 

principal and rich source of sulphur containing amino acid is whey protein (Fox 

and McSweeney, 2013). These sulphur containing amino acids acts as the 

precursors of glutathione (act as antioxidant, anticarcinogen) which act as an 

antioxidant and also helps in metabolism (Shoveller et al., 2005). 

2.2.5 Branched chain amino acids  

The essential amino acids having protein anabolic properties are called 

branched chain amino acids. Leucine, valine and isoleucine are the examples of 

BCAAs as they don’t have linear carbon bonds. All these three BCAA differs in 

hydrophobicity, shape and size but they have similar structure (Brosnan and 

Brosnan, 2006). Different biological functions of these amino acids include insulin 

secretion, muscle protein synthesis and brain amino acids uptake. In skeletal 

muscle, these AAs can be oxidized easily hence these are related to the energy 

metabolism in muscles. Literature has also indicated the BCAAs have benefits in 

sports nutrition also. These amino acids helps in controlling weight and act as 
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metabolic regulators for lipid metabolism, glucose and protein homoeostasis 

(Tipton and Wolfe, 2004). 

Numerous health benefits of BCAAs are given below: 

(1) They stimulate the synthesis of muscle protein  

(2) Prevents the breakdown of muscle protein  

(3) They also act as a muscles fuel during exercise   

(4) Reduces the fatigue feelings,                                                                                  

(5) These AAs also speeds up the recovery after a intense exercise  

These AAs are quickly utilised in muscles as a source of energy and thus used by 

people before and after doing the exercise (Sowers, 2009). 

A study among the fatty young men revealed that taking extra protein during 

exercise and dieting can help in losing more fat and helps in gaining more muscles 

than those not taking extra protein. It has also been revealed that consuming whey 

protein shake before meal helps in improving the blood sugar as well as insulin 

response in both men and women suffering from type-2 diabetes. It has been 

shown by the 22 clinical studies that the individuals who have received the 

additional amount of protein either in the form of supplements or foods containing 

high protein, experienced significant elevation in muscle mass and strength 

(Consumerlab.com). 

2.3 Importance of health supplements 

Use of health supplements is very common among general population. It is 

due to the belief that health benefits on consumption of these supplements is 

above and beyond the health benefits that can be attained by the normal food 

(Maughan, 2013). 

The common reason for using these supplements as reported by Maughan in 

2013 are given below: 

i. They improve health. 

ii. They provide more energy. 

iii. They enhance the performance. 

iv. They increase the muscle strength. 
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According to a survey done in the above study, the proportion of using dietary 

supplements for different reason is given below:- 

 

    Fig 2.2 Proportion of different factors for the consumption of health 

supplements 

             A study was done by Kang and his team in 2019 to check the effect of 

whey protein supplementation and resistance exercise on frail and pre frail older 

people for 3 months and found that whey protein based health supplements are 

beneficial for stimulating the synthesis of muscles and also improved frailty. 

             Lensu and his team, 2019 studied about the interactive effects of milk 

protein supplements and the running and concluded that whey protein 

supplements can develop metabolic strength with or very less running. Milk protein 

can also reduce the metabolic disorders. Also protein supplementation can 

improve the phosphorylation of acetyl-CoA-carboxylase (Lensu et al., 2019). In 

another study it was also found that supplementing the whey protein along with 

resistance training can increase LST and Intracellular water (ICW) and also can 

reduce the ratio of Extracellular water (ECW) to the Intracellular water. 

             The study to check the clinical efficacy of whey protein supplements for 

treating the malnutrition in continuous ambulatory peritoneal dialysis (CAPD) was 

done by Sahathaven and his team in 2018 and found that the whey protein works 

with the a particular micronutrient to improve the Body mass index, weight, skin 

fold measures nPCR level and serum urea (Sahathaven et al., 2018). 
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              Whey proteins also have antioxidant properties as it can increase, the 

endogenous anti oxidative enzyme system’s activity and also improve the 

availability of glutathione in reduced form (Nabuco et al., 2019). 

2.4 Quality issues in milk protein based health supplements 

There are wide range of supplements but protein-based supplements are 

most popular mainly among the resistance training, military and sports personnel 

(Lun et al., 2012). 

The use of unregulated health supplements may cause following risks (Maughan, 

2013) 

i. Absence or lack of active ingredients. 

ii. Presence of harmful substances. 

iii. Presence of toxic agents. 

iv. Presence of pharmaceuticals which can be potentially dangerous. 

The customer expects that the supplements should contain only the mentioned 

ingredients on the label in the specified amount and not any other ingredient. But 

the reality is not the same and there are various evidences about the fraudulent 

practices and poor quality as well (Maughan, 2005). 

FDA has reported about the issues with supplements like presence of 

contaminants, foreign objects, food allergens which were not declared on label. 

The main cause of use of milk powder at the place of protein powders because 

these two  have close resemblance (Lukacs et al., 2018).There are products 

containing little or no active ingredient in the supplements which are expensive 

(Green et al., 2001). It has also been observed by the FDA investigators that the 

rodents were running in the blending room, there was a dead rodent on the motor 

, the area used for storing finished product was contaminated by the dead rodent 

encircled by excreta and there were gnawed bags containing raw material covered 

with rodent’s faeces and urine (Maughan, 2013). They also indicated the addition 

of melamine which is less expensive than the protein (ConsumerReports.org. 

2012). In some products, the amount of adulterants is not significant thus it can 

be assumed that it may due to cross contamination during processing and 

packaging. The other reason of contamination could also be the poor quality 
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control. But most of time, adulteration is being done by manufacturers 

intentionally.   

According to a study in U.S., it was estimated that each year over $ 20 

billion is being spent by the customers on health supplements. The main purpose 

of adulteration of these products is the assumption that if the customers couldn’t 

get any early effects, then they will abandon such products. So unscrupulous 

manufacturers add different components to get the quicker effect (Rocha et al., 

2015).  

Rocha and his team, 2015 reported different type of adulterants in different health 

supplements- 

i. Supplements for muscle building and athletic performance 

enhancement – Common adulterants are anabolic steroids (methandienone 

and testosterone esters), prohormones, diuretics and designer drugs (drugs 

which don’t have approval from any governmental regulatory body for 

therapeutic use in human), stimulants like subutramine (furazepam and 2 

benzodiazepines diazepam which help in reducing the anxiety and also work 

as stimulants due to added anorexics). It has been studied that 18 out of 416 

public notification issued by FDA were concerned about steroids presence in 

muscle building supplements. 

ii. Supplements for weight loss - common adulterants are appetite 

suppressors, stimulants, antidepressants, diuretics etc. 

iii. Supplements for sexual performance enhancement- Usually adulterated 

with pharmaceutical drugs like Phosphodiesterase-5 (PDE-5). 

These adulterants can also be classified according to the purpose for which 

they are being used in health supplements (Andrade et al., 2019) as given below: 

i. Stimulant adulterants- The purpose of these adulterants is to stimulate 

the central nervous system of users e.g. Caffeine. 

ii. Economic adulterants- These are the adulterants which are being used 

to mint more money. Manufacturer mainly use cheap products at the place 

of main ingredients e.g. melamine, plant protein, urea. 

iii. Effectual adulterants- These adulterants can increase the initial effect of 

dietary supplements to attract more customer, as consumers will 
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discontinue the use of supplements if there are no really effects of these 

supplements  e.g. anabolic steroids, prohormones (Rocha et al., 2015). 

Some manufacturers also add pharmaceuticals to attain the stated aim. 

Some products contain higher amount of these pharmaceuticals which is not just 

sufficient for higher efficiency but can also raise the potential health hazards 

(Geyer et al., 2008). There are also reports about the supplements adulterated 

with the numerous agents which are banned by the regulations of anti-doping out 

of which some were also hazardous to health (Geyer et al., 2004). There are so 

many cases of innocent athletes which have been registered for positive doping 

test due to the presence of one or more banned substances in health supplements 

which have been consumed by those athletes (Watson et al., 2009). In the last 

few years, a large number of health supplements have been identified which 

contains undeclared doping substances (Danezis et al., 2016). There are reports 

about dietary supplements containing dimethylamylamine as many military 

personnel got positive test for the amphetamines in the programs of military 

screening (Geyer et al., 2008). Dimethylamylamine has various names like 

methylhexanamine, dimethylpentylamine, pentylamine, forthane etc. but 

according to the list of World anti-doping agency (WADA) (2011), only the first two 

name have been prohibited making the identification of these stimulants as 

complicated (Danezis et al., 2016). 

  Recently hydrogen collagen protein is also being marketed highly among 

the strength training people. But it is not a high quality protein because it lacks in 

tryptophan, so it will not stimulate the synthesis of protein by itself (Maughan, 

2013). There are also not proper methods for the assessment of adulterants due 

to which the measurement of protein cannot be done properly and thus there are 

chances for adulteration like in the recent example of adulteration of milk powder 

by melamine, wherein children of Republic of China were hospitalized after its 

consumption (Lukacs et al., 2018). 

There are also other adulterants found in protein based supplements like 

thermogenic substances, amino acid derivatives and carbohydrates. The 

adulteration of whey protein concentrate with spray dried milk whey powder has 

also been reported in the literature, as whey powder contains 70% lactose giving 

the economical profit to the manufacturers and is less effective to the consumers 
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(Andrade et al., 2019). Some supplements have also been adulterated with the 

maltodextrin which is the degraded product of starch. Creatine is also used as a 

supplement but in some cases it is also used as adulterant without claiming it on 

the label because it helps in the recycle of ATP in the muscles thereby improving 

the physical performance (Maughan, 2013). Free amino acids like glycine have 

also been used as adulterants as they are cheaper than whey protein isolate and 

whey protein concentrate. Trainers and physicians don’t have any agreement 

about the health benefits of dietary supplements because there are so many 

contaminated and ineffective supplements in the market which may cause serious 

health hazard and false positive doping test to the athletes (Garrido et al., 2016). 

In some cases, it has been found that level of contaminants is not enough to attain 

any performance or health effect but it is more than enough to give the false 

positive results to the athletes who have been evaluated for the doping test 

(Danezis et al., 2016). 

There are frequently cases of presence of stimulants like analogues and 

ephedrine whose natural source is Ma Huang or ephedra sinica. As customers are 

not aware about the natural name of ephedrine thus unscrupulous manufacturers 

mention these names over the label instead of the name of active ingredients. In 

some cases, they may contain sibutramine, which is not declared directly on the 

label but can give the information that it contains ‘pure herbal ingredients’. Health 

supplements are also adulterated with the significant amount i.e. more than 1mg/g 

of anabolic steroids which is either not declared on the label or declared with the 

fancy or non-approved names. There are also evidences about the presence of 

androgenic steroids primarily prohormones and almost 15% of non-hormonal 

health supplements like proteins, vitamins and minerals which were not mentioned 

on the label. 

 Some designer steroids also found as an adulterant which are complicated 

to be identified as these are not listed as the ingredient of any medication and 

prohibited list of WADA also not contain their names. In the period from 2009 to 

2010, it was found that supplements contained the prohibited growth hormones 

which releases the peptide-2 (GHRP-2) which is prohibited in the WADA’s list 

(Danezis et al., 2016). 

Sometimes manufacturers also give the written declaration to the athletes 

that their product do not contain any prohibited substances but still the doping test 
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of those athletes were found to be positive. Sealed package of health supplements 

was examined and it was found that it contained banned ingredients (Danezis et 

al., 2016). 

                Thus to regulate the composition of protein and other constituents of 

these protein supplements, there must be the implementation of quality control 

programme over milk protein products. In addition to that, the precautions should 

be taken while choosing the type of health supplements as it has been seen that 

these products are adulterated with other undesired type of protein and some 

other adulterants (Garrido et al., 2016). 

2.5 Reported Incidences about quality issues  

There are many incidences that have been reported to the mislabelling and 

adulteration of milk protein based health supplements. Some of these are given in 

Table-2.2.  

Table 2.2 Incidences of adulteration in health supplements reported in 

literature 

S. 
No 

Title Findings Reference 

1. Caffeine contents of 

Dietary Supplements 

commonly purchased in 

the US 

✓ Analysed 53 products with 

HPLC method 

✓ Average caffeine ranged from 

1 to 829 mg caffeine /daily 

dose 

Andrews et al. 
(2007) 

2. Quality Assurance 

issues in the use of 

dietary Supplements, 

with reference to Protein 

Supplements 

✓ Out of 24, 31% products failed in 

quality assurance test 

✓ Lesser protein content 

✓ Presence of heavy metals  

(lead- 6 to 18 μg in daily dose) 

✓ Stimulants were also present 

✓ 4 g of extra sugar/ serving 

✓ out of 58 , 25% contained low 

levels of steroid contaminants 

and 11% were contaminated 

with stimulants 

Maughan, (2013) 

3. Quality Assurance 

issues in the use of 

dietary Supplements, 

with reference to Protein 

Supplements 

✓ In New York, 15 products were 

tested for heavy metals like Ar, 

Cd, Pb and Hg. 

✓ 3 products contained heavy 

metals higher than the safe 

level. 

Maughan, (2013) 
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4. Proteomics in quality 

control: whey protein-

based supplements 

✓ 16 samples of whey protein 

based health supplements 

were tested. 

✓ Only 10 samples contained 

proteins from bovine milk and 

out of which, 7 samples had 

the different profile expected 

for whey protein i.e. the 

contribution of β-lactoglobulin 

was < 20 %. 

✓ 523 unique protein were 

identified out of which 162 

were assigned to Bos Taurus, 

19 to triticum aestivum, 25 to 

glycine, 1 for each of oryza 

sativa, solanumm tuberosum 

and zea mays and 2 to Gallus 

gallus. 

Garrido et al., 

(2016). 

 

5. Drug adulteration of 

food Supplements: A 

threat to public health in 

European Union 

✓ In Germany, Netherlands, and 

Sweden too much caffeine 

content was present 

✓ In many countries, stimulants 

and pharmaceuticals were 

also present in various 

products 

Czepielewska et 
al .,  (2018) 

6. Quality Assurance 

issues in the use of 

dietary Supplements, 

with reference to protein 

supplements 

✓ 634 non hormonal nutritional 

supplements from 13 different 

countries were analysed. 

✓ Prohormones were presented 

in 94 samples. 

✓ Prohormones of testosterone 

and nandrrolone were 

presented in 23 

 samples 

✓ 64 samples contained only 

prohormones for testosterone 

✓ While supplements contained 

only the prohormones for 

nadrolone 

✓ Could not obtain reliable data 

for 66 samples 

Maughan, (2013) 

7. Adulteration of Dietary 

Supplements by the 

Illegal Addition of 

Synthetic Drugs 

✓ Pharmaceutical adulterants 

include appetite suppressors, 

stimulants, antidepressants, 

anxiolytics, diuretics, PDE-5 

and laxatives in weight-loss 

protein food supplements 

Rocha et al., 
(2015) 
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8. The FDA and 

Adulterated 

Supplements—

Dereliction of Duty 

✓ FDA identified that between 

2004 to 2012, 332 brands and 

between 2007 and 2016, 746 

brands of supplements 

adulterated with 

pharmaceutical agents 

Pieter and 
Cohen, (2018) 

9. FSSAI orders probe into 

health supplements, 

claims by FBOs 

✓ FBOs were not following 

labelling regulations 

✓ Marked with green dot, while it 

contained animal origin 

ingredients 

FSSAI, (2019) 

10. Careful with food 

supplements 

✓ 20% health supplements 

contained unapproved 

pharmaceuticals 

The New Indian 
Express, (2019) 

11. Illegal Health 

Supplements 

manufacturing unit 

raided  

✓ Ashraf Ahmed was running 

illegal unit 

✓ Food safety officer found 

plastic jars containing 

supplements and sacks full of 

gluten and cereals and drugs 

also 

The Times of 
India, (2019) 

12. Adulteration and safety 

issues in nutraceuticals 

and dietary 

supplements: innocent 

or risky? 

✓ 10 fatalities were happened 

due to the consumption of 

sexual enhancement dietary 

supplements adulterated with 

sildenafil and glibenclamide 

up to 40 times more than the 

therapeutic daily dose (25-20 

mg) used for treating the 

maturity onset diabetes 

mellitus. 

Orhan et al., 2016 

13. Quality Assurance 

issues in the use of 

dietary Supplements, 

with reference to Protein 

Supplements 

✓ In U.S., 58 samples of health 

supplements were analysed. 

✓ 25% contained steroids at low 

level. 

✓ 11% contained stimulants 

Maughan, (2013) 
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Dietary supplements are also commonly adulterated with phosphodiesterase type-

5 (PDE-5) like sildenafil, tadalafil and vardeanfil etc. These are the drugs for 

treating erectile dysfunction. These analogues of PDE-5 can also cause drop in 

blood pressure. Some of the incidents are shown in the Table 2.3. 

Table 2.3 Incidences of adulteration of dietary supplements by 

Phosphodiesterase analogues and other synthetic drugs 

S. No Title Findings Reference 

1. Adulteration and safety 

issues in nutraceuticals 

and dietary upplements: 

innocent or risky? 

✓ 13 slimming dietary supplements 

were tested using High 

Performance Thin Layer 

Chromatography (HPTLC-UV) 

densitometry method and found 

that 69% samples containeds 

ibutramine per se or its derivative 

Orhan et al., 2016 

2. Detection, identification 

and quantification by 1H 

NMR of adulterants in 

150 herbal dietary 

supplements marketed 

for improving sexual 

performance 

✓ Out of 150 samples tested of 

dietary supplements using 

Hydrogen-1 Nuclear Magnetic 

Resosnance (1H NMR) and Mass 

Spectrometry (MS) techniques, 

61% contained sildenafil, tadalafil 

and vardenafil, >64%  contained 

any one of the  PDE-5 inhibitors, 

36% contained at least 2 

synthetic analogues 

Gilard et al., 2015 

3. Determination of 

flibanserin and tadalafil in 

supplements for 

women’s sexual desire 

enhancement using high-

performance liquid 

chromatography with 

tandem mass 

spectrometer, diode 

array detector, and 

charged aerosol detector 

✓ In China 88 samples of Dietary 

Supplements were analysed 

using UPHPLC-Q-Orbitrap HR-

MS and found that 8 samples 

contained sildenafil, 1 sample 

contained tadalafil and 

norautildenafil both and 2 

samples contained flibanserin 

and other synthetic drugs 

Poplawaska et al., 

2014 

4.  Determination of 

nonopioid analgesics in 

adulterated food and 

dietary supplements by 

LC-MS/ MS 

✓ Using (Liquid Chromatography 

Mass Spectrometry/ Mass 

Spectrometry) LCMS/MS, 214 

dietary supplements were tested 

for the presence of nonsteroidal 

anti-inflammatory drugs, steroids 

and analgesics and found that 53 

samples contained 

acetaminophen, diclofenac, 

ibuprofen and indometasine etc. 

also the most used adulterant 

was ibuprofen in these 

supplements 

 Kim et al., 2014 
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These products are used very frequently but adulteration or mislabelling 

can cause the terrible results. In 2009, 23 cases were reported of very serious 

health issues like jaundice, elevation in liver enzymes and also damage of liver. It 

caused one death due to the liver damage because of the consumption of health 

supplement containing hydroxycitric acid. Also, there was an incident of hepatitis 

developments among 20 Iranian bodybuilders because of taking the cocktail of 

different health supplements (Maughan, 2013). 

2.6 Analytical Methods  

There are some conventional method used for protein measurements like- 

1. Reversed Phase-High Performance Liquid Chromatography 

2. Mid Infrared Spectroscopy 

3. Near Infrared Spectroscopy 

4. Dumas Method 

5. Kjeldahl Method 

 The results of protein in whey protein powders by dumas method and Near-

infrared Spectroscopy were compared and it was found that dumas method can 

be replaced by NIR spectroscopy for measuring the protein as it takes less time 

i.e. 1min per sample and this method is also very cost effective (Ingle et al., 2016). 

 Some recently developed analytical methods to check the adulteration in 

milk protein based health supplements have been discussed below- 

2.6.1 Fourier transform infrared spectrometry-Attenuated total reflectance 

(FTIR-ATR) 

FTIR is an extremely rapid method which also have high through put. This 

method can analyse wide array of samples in industries within a short period of 

time. The principle of this method is that when a sample comes under the beam 

of infrared radiations, then these radiations will be absorbed by the  functional 

group of the sample and vibrate in different recognized ways and these 

absorptions/vibrations can directly be correlated with the bio or chemical species 

(Andrade et al., 2019). Some adulterants identified by FTIR are given in Table 2.4. 
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Table 2.4 List of some adulterants in health supplements using Fourier 

transform infrared spectrometry 

S. 

No. 

Sample 

Preparation 

Operation Adulterants Reference 

1. Ground to 

homogeneity in a 

mortar and pestle 

FTIR-ATR in MIR 

(4000-650 cm-1) with 

TGS detector 

Spectrum collected at 

4cm-1 resolution  

Assure ID software 

used for spectral 

comparison 

Melamine, 

Soy protein, 

drugs 

Champagne 

and Emmel, 

2011 

 

2. 250 mg 

homogenized 

sample 

Hard press 

treatment 

Tablet formation 

of 10 mm dia. and 

1mm thickness 

FTIR-ATR in MIR 

(4000-400cm-1) with 

chemometrics 

approach is done 

using Sprint rapid 

analyser 

Spectrum collected at 

4cm-1 resolution 

Milk Whey 

Powder in 

place of 

Whey 

Protein 

Concentrate 

Andrade et 

al., 2019 

 

         

         2.6.2 Liquid Chromatography 

It has been proven that the HPLC-MS/MS is a promising approach for 

analysing the trace levels of analytes in different complex matrixes because it has 

high selectivity and this method can also be used for the determination of  different 

adulterants like vardenafil, tadalafil, and sildenafil in different dietary supplements 

(Venkatasami et al., 2010). 

Although it is said that mass spectrometry is better in precision and 

selectivity than HPLC but the latter one is more economical. HPLC is also being 

used for detection as well as authentication of different adulterants in dairy protein 

based products and ingredients (Moore et al., 2012). The list of some adulterants 

analysed by liquid chromatography are given in Table 2.5. 
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Table 2.5 List of some adulterants in health supplements liquid 

chromatography 

S.No. Sample 

Preparation 

Operation Adulterants Reference 

1. Shotgun mass spectrometry 

• 1g sample, dissolved in 30ml 

of solution containing urea, 

ammonium borate, SDS 

• Vortex and centrifuged 

@14,000g/ 40 min 

• Washing and centrifugation 

@ 12,000g/10 min  

• Collect filtrate and store at -

20℃ 

• Protein quantification 

using 2D Quant kit 

• Protein digestion by 

using trypsin 

• nanoUPLC analysis 

coupled to a hybrid 

quadrupole/ion mobility 

mass spectrometry 

• /orthogonal acceleration 

time-of-flight  (Q-IMMS-

oaTOF) MS geometry 

• UNIPROT Protein 

databank is used 

 

Soy protein, 

wheat 

protein, 

amino acid 

like glycine 

Garrido et al., 

2016 

 

  2.    HPLC 

• 20 mg sample in 2 ml water  

• Centrifugation @ 1.5x g/ 5 

min  

• Solid phase extraction is 

carried out then samples 

were evaporated under 

nitrogen flow at 45℃  

• LC effluent pumped to 

Q. exactive Orbitrap 

HRMS 

• Data obtained were 

processed using Qual 

browser and Formula 

calculator 

• Comparision between 

theoretical and 

experimental molecular 

mass was evaluated 

Banned 

substances 

like 

Andarine 

Roiffe et al., 

2019 

 

• Samples were homogenized 

and 1 g sample was diluted 

in 15ml water and boil for 3 

to 5 min and then cooled and 

made up volume up to 100 

ml and then filtered through 

2V filter paper 

     HPLC conditions: 

  Column: ODS-3 

    Mobile phase A- 0.1% 

Phosphoric acid in   
water 

    Mobile phase B-  100% 

    ACN 

    Flow rate- 1ml / min 

    UV absorbance- 272 nm 

 

Average 

caffeine 

ranging from 

1 to 829 mg 

caffeine 

/daily dose 

Andrews et al., 

2007 
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2.6.3 Near Infrared Spectroscopy   

There was no study available about the comparison of NIR spectroscopy 

and dumas method for detecting the common adulterants like melamine, urea and 

also amino acids in the milk protein based health supplements but the use of 

multivariate curve resolution with near-infrared spectroscopy has been proven as 

a promising method for detection as well as quantification of three different type 

of adulterant in milk powder i.e. whey, urea and starch (Forchetti and poppi, 2016).  

  Lukacs and his team in 2018 investigated about the suitability of the NIR 

spectroscopy to detect as well as to quantify the multiple adulterants present in 

the protein powder. They also checked the potential of same method as an 

alternative method for determination of protein. They used the NIR spectroscopy 

data to develop quantitative models to quickly and easily determine different 

adulterants in whey protein concentrate. They found that NIR spectroscopy is a 

reliable method for determining the protein content in whey protein powder even 

in the presence of different nitrogen based adulterants. They used 20 mg sample 

and applied NIR spectroscopy at 12500 to 3600 cm-1 coupled with chemometrics 

and collected the spectrum at 32 cm-1 resolution. They were able to find 3 

adulterants i.e. urea, L-histidine, L-taurine in protein powder. (Lukacs et al., 2018). 

2.6.4 Inductively Couples Plasma- Mass Spectrometry (ICP-MS) 

For human being, some are essential metals while others can also affect 

health even if their level is low. There are mainly 4 elements in dietary 

supplements which have toxicological effect viz. Hg, Cd, Pb and As and the 

permitted daily dose suggested by FAO/WHO is 15, 5, 5 and 15 µg/day.  

A study done by Pinto et al, (2019) for analysing 26 trace elements in 49 

whey protein based health supplements using iCAPTM inductively coupled plasma 

–mass spectrometry. They found different toxic elements viz. Rb, Pb, Be, Ag, Ce, 

Sn, Sb, Ti and U and the most abundant elements was Rb (5.7 ± 2.2 µg/g). Out of 

49, 69% samples contained Hg and one sample contained higher Hg (11.4 ± 8.7 

µg/g). Two samples contained high amount of As (13.4 ± 5.2 µg/g and 14.7 ± 5.1 

µg/g) and the less abundant toxic element was Pb (0.004 ± 0.0055 µg/g). They 

also found significantly higher amount of Fe, Zn, Cu, Mn, Cr, and Co in chocolate 
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flavour of whey protein based health supplements, Fe, Zn, Mn, Cu, and Co in 

strawberry flavoured whey protein based health supplements and Se in coffee 

flavoured whey protein health supplements (Pinto et al., 2019). 

2.7 Challenges 

Authenticity of any food product is the major concern of producers, consumers 

and regulators since a long time (Danezis et al., 2016). There are practices of 

adding compound having high nitrogen content in place of the milk protein which 

can mask the actual protein content while measuring with common methods used 

for measuring the protein. Cheaper amino acids such as glycine also used as a 

nitrogenous source in place of protein, it is difficult to identify these adulterants by 

cited methods as these methods may find the other nitrogenous components but 

not the amino acids (Garrido et al., 2016). During the protein quantification, the 

inaccuracy and variations may occur and observed reasons are: 

i. The amount of nitrogen recovered during analysis may vary (Simonne and 

others 1997). 

ii. In food containing high protein, both protein nitrogen and the substance 

containing organic and inorganic nitrogen are also present. 

iii. The nitrogen content as well as the conversion factor from nitrogen to 

protein may also change even for the same protein source (Moore et al., 

2012). 

As milk protein base health supplements is a complicated matrix of different 

components, it is difficult to obtain a reliable data. In most of the cases, limited 

panel of different substances has been tested and also the test applied had lower 

sensitivity making it difficult to find present foreign material. Hence, for the 

nutritional supplements like protein powder which are being used widely, there is 

a requirement of highly sensitive test as compare to the supplements taken in form 

of pills and capsules (Maughan et al., 2012).  

The present analytical method to determine the total protein content is based 

on the total amount of nitrogen present in that product and cannot distinguish 

between the protein based and non-protein based nitrogen. Thus, the lack of 

appropriate method directly leads towards the addition of melamine and other non-

protein nitrogen compounds in these supplements as an adulterant. In the high 

protein containing commodities which are marketed in huge volume, the 
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measurement of protein is done by either the rapid method or possibly by the 

infrared spectroscopy methods. As these method do not measure the protein or 

nitrogen directly but are calibrated against the methods which are nitrogen based, 

these are not accurate (Moore et al., 2012). 

Many studies have reported that the methods for assessment of total protein 

which are based on the total nitrogen content have limited accuracy. The reason 

for inaccuracy could be due to the inaccurate weighing of sample, use of 

contaminated glassware or reagents, use of wrong reagent and due to the lower 

recovery of nitrogen (Moore et al., 2012). It has been also observed that 

glycosylation also interferes with the measurement of protein by the common used 

method for total protein estimation. 

Protein measurement can also be influenced by the processing like heat 

processing which may affect the solubility of milk or due to the denaturation of 

protein (Koppelman et al., 2004) 

Different methods for measuring the protein content suffers from one or more 

limitations which are discussed below:- 

 

2.7.1 Kjeldahl method  

Generally, Kjeldahl method is quite specific for measuring the total organic 

nitrogen (Simmone et al., 1997) but it has been reported that during analysis, the 

inorganic nitrogen may be covered partially or fully. Therefore, this method is not 

specific for measuring the protein nitrogen as well as this method also lacks the 

selectivity of high degree for organic nitrogen. Thus, the results of this method are 

unacceptable for samples containing different source of non-protein nitrogen as 

adulterants and thus adulteration of protein with melamine, ammonium 

compounds and urea cannot be prevented (Moore et al., 2012). In addition to that, 

other factors can also be responsible for introducing the error in the protein 

measurement by Kjeldahl method like accuracy in weighing of samples, 

contaminated glassware, contaminated reagents, less nitrogen recovery during 

digestion, accuracy of boric acid and the alkali used for titration (Lynch and 

Barbano, 1999). 

2.7.2 Lowry method 

The selectivity of Lowry method is somewhat better than the Kjeldahl 

method but this method is susceptible when authentic protein will be substituted 
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by the non-authentic protein which has either equal or greater response factor 

than the authentic protein (Moore et al., 2012). 

2.7.3 Bicinchoninic Acid (BCA) Method 

This method measures any substance that can reduce the Cu2+ to Cu1+, 

can be indicate as the BCA positive compound like free amino acids, di- or tri 

peptides, reducing sugars etc. Some compounds like EDTA can chelate the 

copper thus restrict its reactivity during BCA (Krohn, 2005). The phenols give 

positive response to BCA have greater response factor than the actual protein e.g. 

the response factor for per unit pyrocatechol was 106 times more than the protein. 

As the potential number of BCA-positive substances is high, this method is more 

vulnerable to adulteration (Moore et al., 2012). 

2.7.4 Dye Binding method 

Various food components like starch, calcium chloride can make a complex 

with the azo dyes and can give false positive results (Kotakowski, 2001). Protein 

hydrolysis can also interfere in results as hydrolysis will increase the number of 

amino groups with free terminal group and they will bind to the anionic dyes and 

thus give the false positive results (Owusu-Apenten, 2002). 

2.7.5 Bradford Method 

The method is selective to different protein thus sensitivity of detecting 

adulteration with the Bradford positive compound will be increased (Owusu-

Apenten 2002). This method gives proper result only for the polypeptide protein 

having molecular weight more than 3000 Da, which can be soluble under acidic 

condition (Krohn 2002). 

2.7.6 Mid Infrared Transmittance 

This method is susceptible to the adulterants that absorb at 6.465 μm (1550 

cm−1). The compounds like carboxylic acids and lipolysis product can give false 

positive result as they can absorb in the protein region (Ribadeau-Dumas and 

Grappin, 1989).  

2.7.7 Near Infrared Spectroscopy 

For protein determination, wavenumbers of 2180, 2100 and 2055 cm-1 are 

commonly used. But for protein determination by this method is not specific as 

other compounds like starch can also absorb at these wavelength (Moore et al., 

2012). 
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2.7.8 High Performance Liquid chromatography 

  Although this method is good at different perspective but it also has some 

limitations like it takes high time for analysis and also identifying the specific 

protein from food matrices is also a great challenge and the cost of equipment is 

also high (Moore et al., 2012). 

2.7.9 Mass Spectrometry 

In this modern era, this method is very popular but it also has some 

limitations, including less solubility of some proteins (Leonil et al., 2000). The 

accuracy and mass resolution is lower for the compound with molecular weight 

more than 30 KDa and equipment cost is also high (Moore et al., 2012). 

The detection of different adulterants having biological value lower than the 

protein is challenging from methodical point of view as manufacturers add other 

protein source but don’t mention on label thus consumers imagine that they are 

purchasing the product with 100% bovine milk protein but actually it is not the 

same (Moore et al., 2012). The accuracy and precision of the method for protein 

measurement can also be influenced by the complex food matrices. While using 

fluorescence methods for detecting, there would be the interaction between the 

caffeine or other constitutes of food matrix and the fluorophore and so change the 

intensity of the fluorescence measured. Some activator agents also can 

manipulate the results as they will increase the intensity of fluorescence due to 

different substances will interact with them (Brandao et al., 2017). Thus there is a 

need to develop alternative methods which can detect the target analyst 

selectively and with high sensitivity. The developed method should also have high 

accuracy and precision while analysing any food matrix (Moore et al., 2012).  

2.8  Work done at NDRI 

Quality assessment of whey protein based health supplements 

The related study has been done in National Dairy Research Institute 

(Suthar, 2019). In which 14 different samples of various whey protein based health 

supplements were taken from the market and were analysed for different 

components .The study revealed that both the estimated total protein and true 

protein content were less than the claimed values in 84% of the estimated 

samples. Out of 14 samples, 6 samples of health supplements contained 

significantly higher fat content than the labelled amount of fat. In the analysed 
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samples, the lactose content ranged from 4 to 42.9%. Calcium, sodium and iron 

were present in all the samples. The ash content ranged from 1.88 to 5.28%. All 

the samples were found to be positive for caffeine and the amount varied from 

1.57 to 19.77 ppm. Some of the supplements were also adulterated by the other 

nitrogen sources like urea and its level varied from 200 to 8700 ppm. Thus, the 

study indicated that there are mislabelling and adulteration in the whey protein 

based supplements available in the market. 
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                                          3.  MATERIALS AND METHODS  

The present study was carried out for the assessment of analytical methods for 

validating the claims in milk protein based health supplements. In this work, 

proximate composition (protein, moisture, fat, ash, minerals etc.) of milk protein 

based health supplements was determined. Apart from compositional analysis, 

presence of adulterants like urea, caffeine, maltodextrin etc. were also checked. 

The present chapter comprises of materials and methods used for carrying out the 

above mentioned study. 

3.1 Materials 

3.1.1 Whey protein based health supplements 

Different whey protein based health supplements were procured from 

market. These products contained varied amount of protein content and also 

different composition.  

3.2 Apparatus and glasswares 

All volumetric flasks, pipettes and burettes were class “A” type. Burette (50 

ml), funnels (small and large), graduated centrifuge tubes (2, 15, and 50 ml), 

measuring cylinder (5, 10, 25, 50, 100, 250, 500 and 1000 ml), silica crucible, 

volumetric flasks (5, 10, 25, 50, 100, 250, 500 and 1000 ml), mojonnier flasks were 

purchased from Borosil India Ltd., Mumbai, India; Whatman Filter Papers 

(Whatman no. 1, 4 and 42) were procured from Whatman International Ltd., Kent, 

England. Various syringe filters (0.22 µm and 0.45 µm) and disc filter were 

procured from Millipore India Pvt. Ltd., Bengaluru, India.  

3.3 Equipment 

1. Weighing balance (Sartorius India Pvt. Ltd., Mumbai, India)  

2. Water purifier (Sartorius atrium pro, Sartorius India Pvt. Ltd., Mumbai, India) 

3. Magnetic stirrer (SPINOTMC 02, Tarsons Products Pvt. Ltd., Kolkata, India)  

4. High speed centrifuge (Sigma 1-15K, UK)  

5. High precision water bath (LABCO 3612, Timber market Ambala Cantt, India.)  

6. Auto pipettes     
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• 100-1000μl (BRAND Transferpette, Germany) 

• 20-200 μl (LabQuest Borosil, Pune, India)     

• 10-100 μl  (LabQuest Borosil, Pune, India)                                                                                                                                                       

7. Hot plate (Advanced Technocracy Inc., Ambala, India) 

8. Hot air oven (Tempo Instruments and Equipment (I) Pvt. Ltd., Mumbai, India)  

9. Syringe driven filter unit (33 mm, 0.22 µm pore size) (Millex, Millipore, 

Billerica, Massachusetts, USA)  

10. Muffle furnace (Metrex scientific Instruments Pvt. Ltd., New Delhi, India)  

11. Agilent microliter syringe (250 µl capacity, for manual injections) (Hamilton  

Company, Nevada, USA)  

12. Vacuum filtration assembly (1000 ml) (Schott Duran, Riviera, Wertheim, 

Germany)        

13. Refrigerated centrifuge (Eppendorf centrifuge 5810 R, New Delhi, India) 

14. Ultrasonicator (SB-50D, Biochem life sciences Pvt. Ltd., New Delhi, India). 

Throughout this study, deionized water having conductivity less than 0.055 

µS/cm prepared in water purifier (Cascada IX water, Labwater technology, 

UK) was used.   

15. HPLC system and accessories: Agilent reverse phase high performance liquid 

chromatography (Model: 1260 Infinity, Agilent, US). It consisted of pump 

control module II with two Agilent 1260 Infinity pumps; manual injector, 

temperature-controlled column compartment and photodiode array detector 

and refractive index detector, sample loop (20 µl). Chromatograms were 

analysed using Open lab software. 

16. Atomic Absorption Spectrophotometer (AA-7000,Shimadzu, Tokyo, Japan) 

flame mode, air-acetylene flame (temperature 2300°C with flow rate 1.5 

L/min)  

17.  Spectrophotometer (UV-2700 230V, Shimadzu Corporation. Kyoto, Japan)  

18. Automated ELISA plate reader (Infinite M200 PRO, Nano quant, Tecan, 

Switzerland) 
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3.4 Methodology 

3.4.1 Objective 1: To check the suitability of existing methods to assess the 

quality of milk protein-based health supplements. 

3.4.1.1 Activity 1: To collect the different raw ingredients. 

 

Different raw ingredients were collected. Whey Protein Concentrate was 

gifted by Devisco Food International, Milk Protein Concentrate was collected from 

Dindigul Farm Product Private limited, Tamil Nadu and Micellar casein was 

purchased from A. M. Neutratech Private Limited, Delhi. 

3.4.1.2 Activity 2: To check the suitability of Kjeldahl method and other 

spectrophotometric methods for protein analysis. 

To find the suitable method for analyzing the protein in milk protein based 

ingredients, the protein content was estimated in different raw ingredients (WPC, 

Micellar casein and MPC) by three different methods viz. Kjeldahl method, Lowry 

assay and Bicinconinic acid assay. And the results of all three methods were 

compared to get the most preferred method for protein analysis.                              . 

3.4.1.2.1 Estimation of protein by Kjeldahl method 

Total nitrogen was estimated using Kjeldahl method (ISO 8968-1:2014) and 

the protein content in each sample was determined by multiplying the estimated 

total nitrogen with the factor of 6.38.  

Reagents  

Concentrated sulphuric acid, potassium sulphate, copper sulphate solution 

(5%), mixed indicator (methyl red- saturated alcoholic methyl red dye, methylene 

blue- 0.2% solution in ethanol), saturated boric acid (4%) and sodium hydroxide 

(40%), hydrochloric acid (0.1 N). 

Procedure  

1. Test portion and pre-treatment  

To the clean and dry digestion tubes, 15 g of potassium sulphate and 1 ml 

of copper sulphate solution was added. About 0.15 g ± 0.05 g of the sample was 
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accurately weighed and was added into digestion tube. Then, 25 ml concentrated 

sulphuric acid  was poured along the sides of the digestion flask to wash down 

any copper sulphate solution, potassium sulphate or test portion left on the neck 

of the flask and contents were mixed gently and  tube was left at room temperature 

for 10 min.  

B.    Digestion  

1. Digestion tubes were fixed in the digestion block and the main switch of 

instrument was turned on. Digestion block was set at a low initial temperature 

to control foaming (at approximately between 180°C and 230°C).  

2. Test portion was digested for 30 min or until white fumes develop. Then 

temperature of digestion block increased to between 410°C and 430°C. Test 

portion was digested until clear and free of undigested remnant was obtained.   

3. The digestion process was completed in 2-2.5 hours.  

4. The digestion tube was removed from the block with the exhaust manifold in 

place and allowed to cool to room temperature for approximately 25 min.  

 C.    Distillation  

1. Turned on the condenser water for the distillation apparatus. Digestion tube 

containing digested test portion was attached to distillation unit and 

automatic programme was started in distillation unit.   

2. Conical flask placed under the outlet of condenser where 50 ml of boric 

acid solution was delivered automatically as set in method.  

3. In distillation unit, method was set to dispense 85 ml of 40% sodium 

hydroxide solution in the digestion tube. 

4. Liberated ammonia was collected in the conical flask containing excess 

boric acid solution with indicator.  

5. Conical flask was removed for further titration.  
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    D.   Titration  

1.      0.1 N Hydrochloric acid was filled in burette of 25 ml with the help of funnel. 

2.     Then the content of the conical flask was titrated against 0.1 N Hydrochloric 

acid till the appearance of pink colour. 

3.     The amount of 0.1N HCL used was measured.  

Blank test  

Blank test was carried out by following the same procedure as described above, 

taking 5 ml of water and about 0.85 g of sucrose instead of test portion.  

Calculations  

Nitrogen content was calculated by following equation 

𝑊𝑛 (% 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 𝑐𝑜𝑛𝑡𝑒𝑛𝑡) =
1.4007 ∗ (𝑉𝑏 − 𝑉𝑠) ∗ 𝑁

𝑊
 

 Where,  

Wn   =   nitrogen content of the sample, expressed as percentage by mass,  

Vs   =   millilitre of standard hydrochloric acid used for milk sample 

Vb   =   millilitre of standard hydrochloric acid used for blank sample 

Calculate the crude protein content Wp using the following equation:  

                                       𝑊𝑝 = 𝑊𝑛 ∗ 6.38 

3.4.1.2.2 Estimation of protein by Lowry method 

Reagents 

a) Copper sulphate solution 1% (w/v): Dissolve 1 g of copper sulphate in 

distilled water and make up the volume 100 ml. 

b) Sodium potassium tartrate 2% (w/v): Dissolve 2 g of sodium potassium 

tartrate in distilled water and make up the volume 100 ml. 

c) Sodium carbonate 2% (w/v) in 0.1N NaOH: Dissolve 21.2 g of sodium 

carbonate and 4 g sodium hydroxide in distilled water and make up the volume 

1000 ml. 

d) Alkaline reagent: Mix 0.5 ml of reagent (a), 0.5 ml of reagent (b) and 100 ml 

of reagent (c) immediately before use. 
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e) Folin’s reagent: Dilute Folin’s reagent (2N, commercially available) with the 

equal amount of distilled water immediately before use. 

f) Standard protein: Bovine serum albumin (BSA) 

I. Stock solution (1 mg/ml): Weigh 50 mg BSA in 50 ml of 20 mM phosphate 

buffer of pH 7. 

II. Working solution: Dilute stock solution 1:1, to make the final concentration of 

0.5 mg/ml. 

Procedure 

Sample preparation 

I. Stock solution: 100 mg of different blends were dissolved in phosphate 

buffer and made up the volume to 100 ml. 

II. Working solution: Dilution of stock solution was done to 1:5 using 

phosphate buffer. 

Protocol 

1.  0, 25, 50, 100, 150, 200, 250 and 300 μl of standard protein solution was 

dispensed in different labelled test tubes and volume was adjusted to 500 μl 

to prepare the dilution of 0, 25, 50, 100, 150, 200, 250 and 300 μg, 

respectively for preparing standard curve. 500 μl sample was dispensed in 

separate labelled test tubes. 

2. 5 ml of alkaline reagent was added to each of the tubes of the standards and 

samples and tubes were vortexed immediately to develop optimum colour. 

3. Tubes were left undisturbed at room temperature for 10 min. 

4. 0.5 ml of Folin’s reagent was added and vortexed immediately. 

5. Incubation for 30 min was done at room temperature. 

6. Absorbance was taken at the wavelength 660 nm using spectrophotometer, 

zeroed against blank. 

7. Standard curve was plotted by graphing the absorbance values of each 

standard against protein concentration in μg/ml. 

8. Protein concentration was determined by interpolating from the standard 

curve. 
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Calculation 

                       𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 (𝜇𝑔/𝑚𝑙) = 𝑌 ∗ 5 

Where, 

Y= concentration of protein from standard curve in μg/ml 

3.4.1.2.3 Estimation of protein by Bicinchoninic acid (BCA) method 

Reagents 

(a)  Reagent A: 

Bicinchoninic acid:    1g 

Sodium carbonate:    2 g Na2CO3. H2O 

Di sodium tartarate:   0.16 g 

Sodium hydroxide:     0.4 g 

           Sodium bicarbonate:  0.95 g 

Dissolved in 100 mL of distilled water and pH of the solution was adjusted to 11.25 

if necessary. 

b) Reagent B (4 % copper sulphate): Dissolve 4 g CuSO4 (SRL) in distilled water 

and volume was made up to 100 ml. 

c) BCA Working solution: Mixed reagent A and B in the ratio of 50:1. 

d) Standard protein: Bovine serum albumin 

III. Stock solution (1 mg/ml): Weigh 50 mg BSA in 50 ml of 20 mM 

phosphate buffer of pH 7. 

IV. Working solution: Dilute stock solution 1:1, to make the final 

concentration of 0.5 mg/ml. 

Sample preparation 

I. Stock solution: 100mg of different blends were dissolved in phosphate 

buffer and made up the volume to 100ml. 

II. Working solution: Dilution of stock solution was done to 1:1 using carbonate 

buffer (0.1M, pH 10). 
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Procedure 

Protein content in the fractions was estimated by the method of Smith et al. 

(1985) using bicinchoninic acid (Sigma-Aldrich). Fifty microliter of sample was 

mixed with 950 µl of carbonate buffer and 1 ml of BCA working reagent (prepared 

by mixing 50 ml of reagent A and 1 ml of reagent B) in glass tubes and the contents 

were vortexed. The contents were incubated at 60ºC for 30 min followed by 

cooling to room temperature. Then the reaction mixture was incubated at 37°C for 

30 min and the absorbance was taken at 570 nm using automated ELISA plate 

reader.  

Calculation 

                       𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 (%) = 𝑌 ∗ 2 

Where, 

Y= concentration of protein from standard curve in μg/ml 

3.4.1.2.4 Validation for the suitable methods for protein estimation among 

above. 

For validating the thing that spectrophotometric methods only calculates 

true protein, the raw ingredients (WPC, MPC, Micellar casein) were adulterated 

with urea (NPN) equivalent to the 1% protein. Followed by the protein estimation 

was done using methods used in Section 3.2.1.2. 

3.4.1.3 Activity 3- Compositional analysis of raw ingredients using different 

analytical methods. 

3.4.1.3.1 Estimation of protein content 

Protein was estimated using all the three methods, given above in Activity 3.2.1.2. 

3.4.1.3.2 Estimation of ash content  

  Ash content of samples was estimated by using the method of Bureau of 

Indian Standards (IS 14433 (Part 1), 2005).  

Apparatus:  

 Flat-bottom dish of silica, Muffle furnace-maintained at 550 ± 20℃, desiccator. 
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Procedure: 

About 3 g of the sample was weighed in the dish, previously dried in an air-

oven and weighed. Heated the dish gently on a flame at first and then strongly in 

a muffle furnace till grey ash was obtained. Cooled the dish in a desiccator and 

weighed. Heated the dish again for 30 min in the muffle furnace. Cooled the dish 

in a desiccator and weighed. Repeated this process of heating for 30 min, cooling 

and weighing until the difference between two successive weighing was less than 

1 mg was obtained. Recorded the lowest mass.  

Calculation  

The ash content, expressed as percentage by mass is equal to  

𝐴𝑆ℎ (% 𝑏𝑦 𝑚𝑎𝑠𝑠) =
𝑊3 − 𝑊1

𝑊2 − 𝑊1
∗ 100 

 Where,    

W1 is the mass in grams of the dish  

W2 is the mass in grams of the dish and test portion.   

W3 is the mass in grams of the dish and dried test portion. 

3.4.1.3.3 Estimation of minerals (Ca and Na)  

3.4.1.3.3.1 Estimation of calcium content: 

Calcium content of samples was estimated by method proposed by 

International Organization for Standardization AOAC 2005 using Atomic 

Absorption Spectrophotometer (AAS).  

Cleaning of glass wares 

All the glasswares used for AAS analysis were washed properly by nitric 

acid and then washed with deionized water.  

Reagents  

Nitric acid solution (volume fraction of 25%), Lanthanum trichloride solution 

(27%), calcium standard solution purchased from Sigma-Aldrich.  
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 Preparation of standard:  

Stock solution (50 ppm): Accurately 2.5 ml of calcium standard solution was 

taken in 50 ml volumetric flask and volume was made up to 50 ml with ultrapure 

water. This stock solution was gently mixed and diluted to get standards of desired 

concentration: 2.0, 4.0, 6.0, 8.0 and 10 ppm calcium.                                                                                     

Preparation of sample  

The ash of the sample was prepared as procedure discussed earlier in the 

section 3.4.1.3.2. The obtained ash was dissolved in 1 ml of nitric acid solution. 

The crucible contents were then quantitatively transferred into a 50 ml volumetric 

flask. The contents were diluted to 50 ml mark with water. Further, diluted to 100 

times by taking 0.5 ml of prepared sample in 50 ml volumetric flask, volume 

fraction of 10% lanthanum chloride (5 ml) was also added and volume made up to 

50 ml in a volumetric flask. Further, estimation of calcium was carried out using 

AAS at wavelength λmax of 422.7 nm. Blank test was performed in the similar way 

as for the test portion except that it was devoid of the sample. 

3.4.1.3.3.2 Estimation of sodium content  

Sodium content of sample was estimated by method proposed by 

International Organization for Standardization AOAC 2005b using Atomic 

Absorption Spectrophotometer (AAS).  

Cleaning of glass ware  

  All glassware used for AAS analysis were washed properly by nitric acid 

and then with deionized water.  

Reagents  

Nitric acid solution (volume fraction of 25%), sodium standard solution 

purchased from Sigma-Aldrich.  

Preparation of standard:  

Stock solution (10 ppm): Accurately 0.5 ml of sodium standard solution was 

taken in 50 ml volumetric flask and volume was made up to 50 ml with deionized 

water. This stock solution was gently mixed and diluted to get standards of desired 
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concentration: 0.125, 0.25, 0.50 and 1 ppm and 0.1, 0.2, 0.5, 1.00, 1.50, 2 ppm 

for sodium and iron respectively. 

 Preparation of sample  

The ash content of sample was prepared as discussed earlier in the section 

3.4.1.3.2. The obtained ash content was dissolved in 1 ml of nitric acid solution. 

Transferred quantitatively the crucible content into a 50 ml volumetric flask. Diluted 

to the 50 ml mark with water. Mixed thoroughly and diluted the sample 100 times 

by taking 0.5 ml of prepared sample and volume made up to 50 ml volumetric 

flask. Further, estimation of sodium was carried out using AAS at wavelength λmax 

589 nm. Blank test was carried out by using the same procedure and the same 

amount of each reagent added in parallel with the procedure of the test portion.   

3.4.1.3.4 Estimation of urea using p-dimethyl amino benzaldehyde (DMAB) 

method 

  Urea in whey protein based health supplements was estimated by DMAB 

method of BIS (IS: 1479 (Part-1), 2016).  

Reagents:   

p-Dimethyl amino benzaldehyde (DMAB) solution (1.6% m/v), Phosphate buffer 

pH 7.0, Trichloroacetic acid (24%), Diluting reagent (equal volume of 24% TCA 

and phosphate buffer), Urea standard solution (1 mg/ml) 

Preparation of standard curve  

Standard solutions of urea were prepared by taking 20, 40, 80, 120, 160, 

200 and 300 µl of standard solution (1 mg/ml) in 2 ml microcentrifuge tubes and 

volume made to 1 ml by adding 980, 960, 920, 880, 840, 800 and 700 µl diluting 

reagent. The concentration of each solution would be 20, 40, 80, 120, 160, 200 

and 300 µg/ml. One millilitre of DMAB solution was added to each micro centrifuge 

tube to develop yellow colour. Reagent blank containing 1 ml diluting reagent and 

1 ml DMAB solution was also prepared. The contents of the tube were mixed by 

shaking the tubes vigorously. Tubes were allowed to stand for 10 min and optical 

density was measured at 425 nm. Graph of optical density along Y-axis against 

concentration of urea along X-axis was plotted.  
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Procedure:  

Accurately 3.5% protein solution of milk protein based health supplements 

was prepared and vortexed for 5 minutes. Five millilitres of sample solution was 

taken and mixed with 5 ml of trichloroacetic acid to precipitate the protein and then 

filtered. One millilitre of filtrate was treated with 1 ml of DMAB reagent to develop 

colour. The optical density of the solution was measured at 425 nm.  

Calculations:  

𝑈𝑟𝑒𝑎 𝑐𝑜𝑛𝑡𝑒𝑛𝑡(𝑚𝑔/100 𝑚𝑙 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛) =
𝑌

5
 

Where,  

Y = concentration of sample from the standard curve for urea (mg)  

    3.4.2 Objective 2: - To analyse composition of various milk protein based 

health supplements 

3.4.2.1 Activity 1- Collection of different milk protein based health 

supplements 

Particular types of milk protein based health supplements i.e. whey protein 

based health supplements were purchased from market. The analysis of 12 

different brands of whey protein based health supplements was done. 

3.4.2.2 Activity 2- Compositional analysis of collected samples  

3.4.2.2.1 Estimation of components as per method standardized in objective 1 

 Some components (total protein, ash, minerals, and urea) in different types 

of health supplements were estimated using methods standardized in objective 1 of 

this study, given in Table 3.1. 
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        Table 3.1: Parameters estimated by the methods standardized in 

objective 1 

S. No. Particular Reference 

1.    Total Protein Lowry et al., 1951 and 

       Smith et al., 1985 

2.      Ash IS 14433 (Part 1), 2005 

3.     Calcium AOAC, 2005 

4.     Sodium AOAC, 2005 

5.      Urea IS:1479 (Part 1), 2016 

 

3.4.2.2.2 Estimation of moisture content 

Moisture content was determined using method proposed by Bureau of 

Indian Standards (IS: 11623 – 1986 (Reaffirmed)).  

Apparatus:  

Flat-bottom aluminium moisture dishes with cover having approximately 

50 mm diameter and 25 mm depth was used, Drying oven – a well-ventilated air 

oven, thermostatically controlled at 102 ± 2°C, Desiccator – containing an 

efficient desiccant.  

Procedure:  

  Approximately 1.0 g of sample was weighed in a moisture dish, 

covered the disc with lid and weight was recorded. The dish was uncovered 

and placed along with its lid in the oven at 102 ± 2°C for 2 h. After drying, 

replaced the lid and transferred the covered dish to the desiccator. Allowed it 

to cool to room temperature and accurately weighed the dish. The process 

was repeated until successive weightings do not differ by more than 0.5 mg.  

Calculation:  

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 (% 𝑏𝑦 𝑚𝑎𝑠𝑠) =
𝑀1 − 𝑀2

𝑀1 − 𝑀
∗ 100 
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Where,   

M1 – initial mass in g of the dish and lid with the material taken for analysis  

M2 - final mass in g of the dish and lid with the material after drying  

M – Mass in g of the empty dish  

3.4.2.2.3 Estimation of fat content  

Fat content was determined using method proposed by International Dairy 

Federation (IDF: 127A (1998)).  

Apparatus  

Analytical balance, drying oven, boiling water bath, Mojonnier fat extraction 

flask, fat collecting vessel (Flat bottom flask of capacity 125 to 250 ml), measuring 

cylinders (5 and 25 ml).  

Reagents:  

Ammonia solution (25% m/m), ethyl alcohol (95%), diethyl ether (free from 

peroxide), petroleum ether (boiling range 40-60°C).   

Procedure:                      

1.   Accurately 1.5 g sample was weighed and transferred into Mojonnier flask. 

2.   Ten millilitres of warm (65 ± 5°C) distilled water was added to dissolve the 

powder. Two millilitres of ammonia solution was added and contents were 

mixed. 

3. Mojonnier flask was gently heated at 65 ± 5°C for 15-20 minutes with 

occasional shaking and then cooled to laboratory temperature. 

4. Ten millilitres of ethanol was added and mixed gently but thoroughly by 

allowing the contents of the flask to flow backward and forward between the 

two bulbs. 

5. Twenty five millilitres of diethyl ether was added, closed the flask with pre 

wetted cork and mixed the content properly. Twenty five millilitres of the 

petroleum ether was added and again repeated the previous step. 

6. Allowed the content to stand for 30-40 minutes at room temperature (30°C) 

under undisturbed condition till the upper layer is clear.  
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7. Carefully removed the cork (rinse it inside of the neck of the flask with mixed 

solvent so that rinsing runs into the flask) and decanted the ether solution from 

Mojonnier flask into the pre weighed fat collective vessel (100 ml conical 

flask).  

8. Outside of the neck of extraction flask was rinsed with a little of the mixed 

solvent and collected the rinsing in the fat collecting vessel.  

9. Solvent was then evaporated by keeping the fat collecting vessel over boiling 

water bath.  

10. Five millilitres of ethanol was added to the contents of the Mojonnier flask as 

described in step 4.  

11. Second extraction was carried out by repeating the operations as described 

in step 5 to 10.  

12. Third extraction was carried out as described in step 5 to 10 but using 15 ml 

of diethyl ether and 15 ml of petroleum ether.  

13. After extraction, the solvent in the fat collecting vessel was evaporated in hot 

air oven at 102 ± 2°C for 1 h.  

14. After the completion of time, the fat collecting vessel was removed from oven, 

cooled and weighed.  

15. Blank test was carried out simultaneously as described in the step from 2 to 

15, while the test portion was replaced with 10 ml of water.  

Calculation:  

   The fat content, expressed as a percentage by mass, is equal to   

(𝑀1 − 𝑀2) − (𝑀3 − 𝑀4)

𝑀0
∗ 100 

 Where,  

M0 = mass in g of the test portion.  

M1 = mass in g of the fat-collecting vessel along with the extracted matter.  

M2 = mass in g of the empty fat-collecting vessel.  
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M3 = mass in g of the fat-collecting vessel used in the blank test and any extracted 

matter determined.   

M4 = mass in g of the empty fat-collecting vessel used in blank test.  

 

3.4.2.2.4 Estimation of whey proteins (α-lactalbumin and β-lactoglobulin) by 

RP-HPLC  

Reverse phase HPLC method suggested by Yuskel and Erdem (2010) 

with slight modification in sample preparation was used to determine the elution 

profile of the whey proteins.  

Reagents  

Solvent A: Acetonitrile, water and TFA in a ratio 100:900:1 (v/v/v)  

Solvent B: Acetonitrile, water and TFA in a ratio 900:100:1 (v/v/v).  

Apparatus 

The reverse phase HPLC system, Millipore filtration assembly with 0.22 µm filters 

for filtering all the reagents and water.  

Standard preparation  

Standards (α-lactalbumin and β-lactoglobulin) stock solutions of 25 mg/ml 

was prepared individually by dissolving in the mixture containing solvent A and 

solvent B in the ratio of 70:30. This stock solution was gently mixed and diluted 

to get desired concentration: 0.5, 1, 2, 4, 6, 8 and 12.5 mg/ml. The individual 

standards of α-lactalbumin and β-lactoglobulin were mixed together in 1:1 ratio 

followed by filtration through 0.22 µm syringe filter and then injected into the 

column.  

Sample preparation 

Accurately 1.0% protein solution of each sample was prepared in the 

solvent mixture (solvent A and B in 70:30 ratio) by heating at 40-50°C and vortexed 

for 5 minutes. The contents were centrifuged at 12000 x g for 30 min followed by 

filtration through 0.22 µm syringe filter.  
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HPLC conditions  

Sample of 20 µl was injected into manual injector through a 20 µl loop. 

Gradient solvent delivery was achieved using binary gradient pump at a flow rate 

1 ml/min. The separation of whey proteins was achieved by column (Zorbax 300 

SB-C8 4.6 X 150 mm, 5 µm) with linear gradient elution sequence as described in 

Table 3.2. The column temperature was maintained at 40°C in column heater 

chamber. The absorbance of the elute was monitored at 220 nm using photodiode 

array detector.  

             Table 3.2    Linear gradient elution sequence for whey proteins  

Time (min) Solvent A (%) Solvent B (%) 

0 80 20 

45 40 60 

47.4 80 20 

 

3.4.2.2.5 Estimation of lactose by HPLC  

 Reverse–Phase HPLC:  

Reverse-phase HPLC method of Sharma et al., 2009 was followed to 

determine lactose with slight modifications in sample preparation.  

Reagents:  

Carrez I solution (500 mM aqueous potassium ferrocyanide), Carrez II (500 

mM aqueous zinc acetate), acetonitrile, ultrapure water, α-lactose monohydrate 

(sigma Aldrich).  

Apparatus:  

The reverse phase HPLC system, Millipore filtration assembly with 0.22 µm 

filters for filtering all the solvents and water.  

Standard preparation:   

           Stock solution of lactose standard (25 mg/ml) was prepared in ultrapure 

water. This stock solution was gently mixed and diluted to get standards of desired 
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concentration: 0.5, 1, 2.5, 5 and 10 and 25 mg/ml. The individual standards were 

filtered through 0.22 µm syringe filter and then injected into column. Standard 

curve of 0.5-25 mg/ml concentration of lactose was prepared.  

Sample preparation  

Sample was appropriately diluted in deionized water to obtain final solution 

containing 3.5% protein and was vortexed for 5 min. 1.5 mL of ultrapure water was 

added in two millilitre of reconstituted sample and diluted content was incubated 

at 60°C for 10 min. Then, 0.25 ml Carrez I solution (500 mM aqueous potassium 

ferrocyanide), 0.25 ml Carrez II (500 mM aqueous zinc acetate) and 1 ml 

acetonitrile were added. The contents were gently mixed and then kept 

undisturbed for 1 h at room temperature. The precipitate obtained was removed 

by centrifugation (10000xg, 8 min and 20°C). The remaining supernatant 

containing the extracted lactose was then filtered through a 0.22 µm nylon 

membrane and 20 µl of this final clarified extract was injected into the HPLC 

system for analysis.  

HPLC conditions  

Isocratic solvent used for separation of lactose was acetonitrile and water 

in the ratio of 70:30. Sample (20 µl) was injected into manual injector with 20 µl 

loop. The RI detector was used to detect lactose content in the samples. The 

column and RI detector cell temperatures were maintained at 40°C.   

3.4.2.2.6 Estimation of caffeine content of whey protein based-health 

supplements  

Andrews and his team (2007) suggested the RP-HPLC method, was 

followed to estimate caffeine content and its elution time with slight modifications 

in sample preparation.  

Reagents: Methanol (HPLC grade), water (HPLC grade)  

Apparatus: The reverse phase HPLC system, Millipore filtration assembly with 

0.22µm filters for filtering all the solvents and water.  
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Standard preparation    

Caffeine stock solution of 100 ppm was prepared by accurately weighing 

10 mg of pure caffeine (Sigma-Aldrich) in a beaker. The content was mixed with 

deionized water and transferred to 100 ml volumetric flask and volume made up 

to 100 ml by deionized water. Working standards of 2, 4, 6, 8 and 10 ppm were 

prepared by serial dilution of the stock solution with deionized water.   

Sample preparation  

  Accurately 3 g of the sample was weighed in 250 ml conical flasks. Then 

200 ml of ultrapure water was added and placed over water bath (100°C). 

Extraction was done for half an hour. Then the solution was cooled, volume 

maintained to 250 ml and filtered through Whatmann number 1 filter paper. One 

milliliter of the filtrate was pipetted into clean 10 ml volumetric flasks and volume 

was made to the mark with HPLC water. The prepared sample was then filtered 

through micro filter (0.22 μm) and filled into HPLC vials for analysis.  

HPLC conditions  

Isocratic solvent used for estimation of caffeine consisted of methanol and 

water in the ratio of 40:60. 20 μl sample was injected into the HPLC. Isocratic 

solvent delivery was achieved using binary gradient pump at a flow rate of 1 

ml/min. The UV detector was used to detect caffeine content in the samples. The 

column and UV detector cell temperatures were maintained at 40°C.   

3.4.2.2.7 Detection of maltodextrin by maltodextrin detection strip  

Maltodextrin in milk protein based health supplements was estimated by 

maltodextrin detection strip (Delmos Pvt. Ltd.) 

 Procedure:  

Accurately 3.5% protein solution of whey protein based health supplements 

was prepared and vortexed for 5 minutes. A drop of samples was placed on the 

test strip and the colour was compare with the colour chart. 
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3.4.2.2.8 Detection of glucose by glucose detection strip  

Glucose in milk protein based health supplements was estimated by 

Glucose detection strip (Delmos Pvt. Ltd.) 

Procedure:  

Accurately 3.5% protein solution of whey protein based health supplements 

was prepared and vortexed for 5 minutes. A drop of samples was placed on the 

test strip and the colour was compared with the colour chart. 
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                                                     4.  Result and Discussion 

This chapter includes the results of the study, “Assessment of analytical methods 

for validating the claims of milk protein based health supplements”. In this study 

three methods, modified in the laboratory were used for the protein estimation and 

results were compared to get more suitable method for estimating the protein in 

whey protein based health supplements. These methods were validated by 

adulterating the raw ingredients (WPC, MPC, Micellar casein) with a non-protein 

nitrogen source viz., urea. Compositional analysis of raw ingredients was also 

done. The compositional analysis of whey protein based supplements was also 

estimated e.g. protein was estimated using spectrophotometric methods, for 

individual protein and lactose estimation, HPLC methods were used. As these 

products are very popular among young people and are priced at premium rates, 

the adulteration of these products is suspected.  Thus to check the adulteration, 

the urea and caffeine were estimated and maltodextrin was estimated 

qualitatively. The results obtained for raw ingredients were also compared with the 

composition of whey protein based health supplements and the estimated values 

were compared with the claimed values on the label of health supplements to 

check the authenticity of these products.  

4.1 Objective 1: To check the suitability of existing methods to assess the 

quality of milk protein-based health supplements 

4.1.1 Checking the suitability of Kjeldahl method and other 

spectrophotometric methods for protein analysis 

To check the suitable method for protein estimation, three methods were 

applied viz. Kjeldahl method and spectrophotometric methods like Lowry assay 

and bicinchoninic acid assay (BCA). Both spectrophotometric methods are based 

on biuret reaction. The standard curve for both Lowry and BCA assay is prepared 

using bovine serum albumin (BSA) and same is presented in the Figure 4.1 and 

4.2, respectively. All the three methods were used to analyse the protein in WPC, 

MPC, Micellar Casein and the results were compared to analyse which method 

was more reliable for protein estimation in different constituents. The colour of final 

solution of BCA assay was violet-purple and for Lowry assay it was bluish-green 
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as shown in Figure 4.3a and 4.3b. The protein content proportionally increased 

with the intensity of the colour. And the results for these are given in Table 4.1 and 

graphical presentation is given in Figure 4.4. 

 

                                    Fig 4.1 Standard curve for Lowry method 

 

                Fig 4.2 Standard curve for bicinchoninic acid assay (BCA) method 

                                    

4.3a: ELISA plate for BCA                   4.3b: Test tube for Lowry method    

FIG4.3 Colour of final solution in bicinchoninic acid assay (BCA) and 

Lowry method 
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Table 4.1 Protein content in different ingredients by different methods 

S. No. Ingredients Protein content (%) estimated by various 
method 

Lowry method Kjeldahl 
method  

Bicinchoninic 
acid assay 

1. Whey Protein 

Concentrate 

69.47 ± 0.85 69.83 ± 0.5 69.97 ± 1.65 

2. Micellar Casen 81.88 ± 1.22 82.05 ± 0.94 83.65 ± 1.50 

3. Milk Protein 

Concentrate  

77.9 ± 0.45 78.2 ± 0.03 79.13 ± 1.34 

Values are expressed as Mean ± Standard Error of Mean, n=3. 

 

 

Figure 4.4 Graphical demonstration of protein content by different methods 

As the spectrophotometric methods are based on the biuret reaction, such 

methods only calculate the true protein but Kjeldahl method calculate the total 

nitrogen thus it is vulnerable to over-estimation due to the presence of other non-

protein nitrogen substances present in the sample. So, we can say that 

spectrophotometric methods are more suitable for estimating the protein in milk 

constituents. The paired t-test was applied to compare the results of Lowry and 

BCA methods, by taking the null hypothesis that there is no significant difference 

between the protein content estimated by Lowry and BCA methods. It was found 

that the p-value was greater than 0.05. So, we cannot reject the null hypothesis. 

Thus we can say that there is no significant difference between the protein values 

of these two methods, means both the methods are applicable for protein 
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estimation in milk protein products. But the most preferable method would be 

Lowry method as it takes less time and also the reagents are less costly compared 

to BCA method.  

4.1.2 Validation of the suitable methods for protein estimation among above 

To validate the same thing that spectrophotometric methods only measure 

the true protein, the analysis of raw ingredients was done after adulterating it with 

the other nitrogen source i.e. urea equivalent to the 1% of protein and the results 

are given in Table 4.2. 

               Table 4.2 Protein content before and after adulterating with urea 

S. No. Ingredients Protein content (%) estimated by 
various method 

Lowry method Bicinchoninic 
acid assay 

1. Whey Protein Concentrate without 

urea  

69.47 ± 0.85 69.97 ± 1.65 

2. Whey Protein Concentrate with 

urea (~ 1% protein) 

68.03 ± 0.83 68.78 ± 0.45 

3. Micellar Casein without urea 81.88 ± 1.22 83.65 ± 1.50 

4. Micellar casein with urea (~ 1% 

protein) 

80.04 ± 0.91 82.05 ± 0.45 

5. Milk Protein Concentrate without 

urea 

77.9 ± 0.45 79.97 ± 1.34 

6. Milk Protein Concentrate with urea  

(~ 1% protein) 

76.09 ± 0.21 77.97 ± 0.84 

     Values are expressed as Mean ± Standard Error of Mean, n=3. 

 

In Table 4.2, there are two types of results are given, first is without urea 

and other is with urea. We can see after adding urea equivalent to 1% of protein, 

the protein content is decreased approximately 1% when analysed by 

spectrophotometric methods. It means that spectrophotometric methods gives 

colour only for true protein and not for other nitrogen sources. Thus, these 

methods are more authentic for protein estimation in milk protein products. 
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4.1.3 Compositional analysis of raw ingredients using different analytical 

methods 

Different parameters like protein, ash, minerals (sodium, calcium) and urea 

were estimated and compared with the estimated values of health supplements in 

second objective. For estimating the ash content, IDF method was used, while 

minerals were estimated by AOAC methods using Flame- Atomic Absorption 

Spectrophotometer (AAS) and for urea estimation p-dimethyl amino benzaldehyde 

(DMAB) method was applied. Protein is already estimated in section 4.1.1. 

Standard curve for minerals analysis and urea content are given below in Figure 

4.5a and 4.5b and 4.6, respectively. The final colour in urea analysis is yellow and 

the intensity of yellow colour increased proportionally with the urea content. The 

results for the same are given below in Table 4.3. 

 
 

                                                               (a) 
 

             

 

                                                           (b) 

            Fig 4.5 Standard curve for mineral analysis (a) Sodium (b) Calcium 
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                         Fig 4.6 Standard curve for urea estimation 

 

Table 4.3 Compositional analysis of raw ingredients 

S. 

No. 

Ingredients Ash (%) Sodium 

(mg/100 g) 

Calcium 

(mg/100 g) 

Urea (%) 

1.. Whey Protein 

Concentrate 

3.01 ± 0.09  130.55 ± 0.6 799.47 ± 0.13 0.029± .86 

2. Micellar Casein 6.0 ± 0.32 233.3 ± 1.0  850.93 ± 0.40 0.024± .94  

3. Milk Protein 

Concentrate 

5.9 ± 0.72 144.86 ± 0.31  5300.07± .73 0.012± .27 

Values are expressed as Mean ± Standard Error of Mean, n=3. 

4.2 Objective 2: To analyse the composition of various milk protein based 

health           supplements 

   4.2.1 Compositional analysis of collected samples 

   4.2.1.1 Protein estimation 

For estimating the protein in whey protein based health supplements, the 

spectrophotometric methods standardized in section 4.1.1 were used, as we have 

already seen that spectrophotometric methods are better for milk protein based 

products. The results for the same are given in Table 4.4. In table we can see that 

the protein content in 33%  is not matched with the claimed values especially in 

S-5, S-7 and S-8 as the claimed values varied significantly from the estimated 

values also 33% sample contained little higher amount of protein than the claimed 

value. A study done by Proteste organization in 2014 demonstrated that 53% out 
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of 28 samples has less protein content than the claimed values while in this study 

59% samples are varied from their claimed values (Almeida et al., 2016). The 

graphical presentation for the same given in Figure 4.7. 

Table 4.4 Protein content in health supplements 

 

S. No. 

 

Samples 

 

Claimed 

value (%) 

Estimated protein content (%) in 

supplements 

Lowry method Bicinchoninic 

acid assay 

1. S-1 80 78.06 ± 0.83 80.09 ± 0.65 

2. S-2 77.8 77 ± 0.11 79.53 ± 0.23 

3. S-3 61 63.3 ± 0.73 63.87 ± 0.04 

4. S-4 68 72.53 ± 0.80 71.89 ± 0.33 

5. S-5 78 71.3 ± 0.093 74.86 ± 0.12 

6. S-6 83.3 81.3 ± 0.07 82.31 ± 0.26 

7. S-7 34.48 23.3 ± 0.55 23.06 ± 0.09 

8. S-8 22.46 4.3 ± 0.67 6.51 ± 0.48 

9, S-9 68 66.8 ± 0.81 67 ± 0.83 

10. S-10 84 79 ± 0.52 83.7 ± 0.49 

11. S-11 78.98 81.39 ± 0.56 82.87 ± 0.08 

12. S-12 66.6 68.86 ± 0.91 69.7 ± 0.73 

Values are expressed as Mean ± Standard Error of Mean, n=3. 
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     Fig 4.7 Graphical presentation of protein content in health supplements 

In this graph we can see that the estimated protein values in three supplements 

i.e. S-5, S-7 and S-8 are significantly varied from their claimed values. 

   4.2.1.2 Moisture, fat and ash analysis 

For all moisture, fat and ash estimation, gravimetric method were used. The 

results for the same are given in Table 4.5. The given table shows that out of 12, 

the fat content in 41% samples was deviated from the claimed value, mainly in S-

7 and S-8 the fat content is much higher than the claimed value thus, these 

products will provide more energy rather than quality protein. The moisture content 

of two samples (16%) i.e. (S-11 and S-12) is more than 5%, which is not suitable 

for dried products, as it may cause problems during storage of the health 

supplements. The ash content in WPC generally varies from 3 to 6% but the ash 

content in WPC was 3.01%, measured in section 4.1.3. After comparing the 

estimated ash content in health supplements and whey protein concentrate, it was 

found that the ash content in 41% of samples is higher than the estimated value 

but theoretically it was within the expected range. 
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Table 4.5 Estimated values of moisture, fat and ash content 

Values are expressed as Mean ± Standard Error of Mean, n=3 

4.2.1.3 Estimation of mineral content  

Mineral content in whey protein based health supplements was also 

estimated as minerals also shows the nutritional status of these products. We 

estimated specifically two minerals (Ca and Na), as in most of the samples these 

two minerals were mentioned. AOAC method was used employing Flame-AAS. 

The standard curves for the same are given in section 4.1.3. The results for 

minerals content are given in Table 4.6. The sodium content varied from 187.93 

to 573.09 mg/100 g and calcium content varied from 501.03 to 1475.68 mg/100 g. 

The given table shows that all the samples contained significant amount of these 

minerals, but it was not mentioned on the labels of some health supplements like 

S-1, S-8 and S-10. Furthermore, some samples like S-4, S-11, and S-12 contained 

significantly higher amount of calcium than their claimed values i.e. p<0.05. 

 

 

 

S. No. 

 

Samples 

Fat(%) Moisture (%) Ash (%) 

Claimed 

values 

Estimated 

values 

Estimated 

values 

Estimated 

values 

1. S-1 5.0 6.8 ± 0.5 1.9 ± 0.32 2.5 ± 0.1 

2. S-2 6.6 5.3 ± 0.2 2.95 ± 0.4 2.9 ± 0.04 

3. S-3 6.9 7.0 ± 0.03 2.46 ± 0.8 3.1 ± 0.3 

4. S-4 9.0 7.22 ± 0.28 2.16 ± 0.09 3.4 ± 0.05 

5. S-5 7.2 6.8 ± 0.1 2.38 ± 0.3 3.2 ± 0.15 

6. S-6 3.33 3.63 ± 0.7 2.50 ± 0.52 3.8 ± 0.26 

7. S-7 6.8 10.09 ± 0.91 2.9 ± 0.67 3.01 ± 0.05 

8. S-8 0.53 8.9 ± 1.09 6.0 ± 0.05 5.79 ± 0.37 

9. S-9 4.11 4.5 ± 0.57 3.73 ± 0.63 3.87 ± 0.3 

10. S-10 7.6 7.3 ± 0.7 2.47 ± 0.1 4.99 ± 0.49 

11. S-11 3.2 3.0 ± 0.39 5.73 ± 0.05 3.0 ± 0.97 

12. S-12 5.0 5.92 ± 0.7 5.09 ± 0.3 4.07 ± 0.71 
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Table 4.6 Estimated values of minerals (Na and Ca) 

Values are expressed as Mean ± Standard Error of Mean, n=3. 

 

4.2.1.4 Estimation of individual whey proteins (α-lactalbumin and β-

lactoglobulin) 

For estimating individual whey proteins, RP-HPLC method was used with C8 

column and UV deterctor at 220 nm. In all the samples it was claimed that, they 

contains only whey proteins. Thus to check the authenticity of these products 

invidual proteins were estimated. The chromatograms for standards of both 

proteins (α-la, β-lg-1 and β-lg-2) and glycomacropeptide are given in Figure 4.8a,  

4.8b and 4.8c and the elution time was 24.5, 29.3,29.9 and 10.42, 14.7 minutes, 

respectively. HPLC profile of some samples are given in Figure 4.9. The standard 

curves for these proteins are shown in Figure 4.10a, 4.10b and 4.10c. The protein 

value of major proteins (α-lactalbumin and β-lactoglobulin) was calculated using 

these standard curves and the results are given in the Table 4.7.  

 

S. No. 

 

Samples 

Sodium (mg/100 g) Calcium (mg/100 g) 

Claimed 

values 

Estimated 

values 

Claimed 

values 

Estimated 

values 

1. S-1 - 195.26 ± 0.15 - 966.85 ± 0.16 

2. S-2 170 266.57 ± 0.88 - 850.50 ± 0.69 

3. S-3 - 313.32 ± 1.6 330 733.29 ± 0.59 

4. S-4 318 292.55 ± 0.53 477 1066.22 ± 0.34 

5. S-5 185 245.7 ± 0.17 365 807.27 ± 0.18 

6. S-6 175 279.04 ± 0.99 290 660.15 ± 0.16 

7. S-7 218.39 193.95 ± 0.81 270.11 773.01 ± 0.97 

8. S-8 - 421.03 ± 

1.09 

- 1475.68 ± 0.72 

9. S-9 275.37 393.71 ± 0.5 - 634.81 ± 0.54 

10. S-10 - 187.93 ± 0.7 - 501.03 ± 0.73 

11. S-11 427.63 573.09 ± 0.86 463.81 1095.52 ± 1.67 

12. S-12 338.83 375.93 ± 0.03 491.67 1285.87 ± 0.79 
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(a) 

 

(b) 

         

 

(C) 

                                                   

Figure 4.8 Chromatograms for standard protein (a) Chromatogram of α-la 

(b) Chromatograms of β-lg-1 and β-lg-2 (c) Chromatogram of 

glycomacropeptide 

 

α-lactalbumin  

β– lactoglobulin I  

β– lactoglobulin II  

Glycomacropeptide 



- 59 - 
 

 

 

 

 

Figure 4.9 Chromatograms of whey protein based health supplements 
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Figure 4.10 Standard curves of standard proteins (a) Standard curves of α-

la (b) Standard curve of β-lg-1 and (c) Standard curve of β-lg-2 
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Table 4.7  Estimated values of individual proteins (α-lactalbumin and β-

lactoglobulin) 

Samples α-lactalbumin   

(%) 

β-

lactoglobulin 

(%) 

Total whey 

protein (%) 

Estimated 

protein values 

(%) 

S-1 19.35 57.03 76.38 78.06 ± 0.83 

S-2 18.54 52.94 71.48 77 ± 0.11 

S-3 12.09 39.09 51.18 63.3 ± 0.73 

S-4 15.47 47.02 62.49 72.53 ± 0.80 

S-5 16.03 53.57 69.61 71.3 ± 0.093 

S-6 19.83 58.93 78.76 81.3 ± 0.07 

S-7 4.02 13.73 17.75 23.3 ± 0.55 

S-8 - - - 4.3 ± 0.67 

S-9 13.09 51.54 64.63 66.8 ± 0.81 

S-10 18.56 60.4 79.6 79 ± 0.52 

S-11 25.87 51.68 77.55 81.39 ± 0.56 

S-12 45.22 19.83 65.05 68.86 ± 0.91 

 

In the table we can see that in some of the samples the calculated protein 

by HPLC is less than the total estimated values by Lowry method because we 

have only calculated the major proteins i. e. α-la, β-lg and in the chromatograms 

for sample it can be observed  that there are two more peaks at the retention time 

of 10 and 15 minutes. By running the standards of glycomacropeptide (GMP), we 

came to know that these peaks are of GMP. So, these two points may be the 

reason for less estimated values of protein by using HPLC. In whey protein the 

amount of β– lactoglobulin is about 58% (Fenelon et al., 2019) and α-lactalbumin 

is about 20% (Sharma, 2019). Thus the ratio of β– lactoglobulin is approximately 

3 times of α-lactalbumin. But this ratio is not followed in 2 sample (S-11, S-12). In 

S-11 the amount of β– lactoglobulin is approx. twice of α-lactalbumin and in S-12 

the amount of α-lactalbumin is more than the β– lactoglobulin. It is also shown in 

the chromatogram of S-12 that the peak area of β– lactoglobulin is less than the 

α-lactalbumin. So, we can say, there may be the alteration in the proteins used in 

manufacturing of these whey protein based health supplements. 
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4.2.1.5 Carbohydrate estimation in whey protein based health supplements 

For carbohydrate estimation in whey protein based health supplements, 

RP-HPLC method with amino column and RI detector was used. In this methods 

Carrez solutions and acetonitrile are used to make the solution free from protein 

and other interfering substances. The chromatograms of standard of different 

sugars are given in figure 4.11a, 4.11b 4.11c and 4.11d. The retention time for 

glucose, galactose, sucrose and lactose are 5.00, 5.23, 5.71 and 6.50 minutes 

respectively. The HPLC profile of some samples is given in Figure 4.12.  

 

 

 

 Figure 4.11 Chromatograms for standard of different sugars (a) 

Chromatogram of glucose and lactose  (b) Chromatogram of galactose and 

lactose (c) Chromatogram of sucrose and lactose (d) Combined 

chromatogram of all the sugars 
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Figure 4.12 HPLC profile of some of whey protein based health 

Supplements 
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As we can see that in most of the samples only lactose is present as 

carbohydrate. So, only the quantity of lactose was estimated in all the samples. 

But one sample (S-8) also contained other sugar i.e. sucrose. The standard curve 

for lactose estimation is given in Figure 4.13.  The estimated values of lactose in 

all the samples are given in Table 4.8. In the table we can see that some of the 

samples are significantly deviated from their claimed values especially S-1, S-4, 

S-7 and S-8. Furthermore S-8 also contained carbohydrate other than lactose as 

shown in Fig. 4.12, but it was not mentioned on the label that is contained 

additional sugar. 

 

                     Figure 4.13 Standard curve for lactose estimation  
 

Table 4.8 Estimated values of lactose in whey protein based health 

supplements 

S. No. Samples Lactose content (%) 

Claimed values Estimated values  

1. S-1 7.0 2.63 ± 0.61 

2. S-2 6.7 4.14 ± 0.05 

3. S-3 19.0 9.38 ± 1.4  

4. S-4 9.0 2.57 ± 0.17 

5. S-5 6.8 7.73 ± 0.07 

6. S-6 6.0 3.20 ± 0.31 

7. S-7 45.9 24.65 ± 1.03 

8. S-8 70.39 59.97 ± 1.5 

9. S-9 15.4 12.09 ± 0.95  

10. S-10 4.0 5.41 ± 0.83 

11. S-11 9.8 9.0 ± 0.05 

12. S-12 15 17 ± 0.7 

Values are expressed as Mean ± Standard Error of Mean, n=3. 
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4.2.2 Checking the adulterants in whey protein based health supplements 

As whey protein based health supplements are very popular among health 

conscious people and the person goes to training centre and wants to build 

muscles, also the cost of these products is very high. So, adulteration in these 

products is expected either to increase its quantity or to increase its efficiency 

without changing its price (Lukacs et al., 2018). Like some manufacturers use 

cheaper source of nitrogen, instead of true milk protein to increase the nitrogen 

content e.g. urea, soy protein etc. (Champagne and Emmel, 2011).  They also use 

some bulking agents and some stimulating agents to increase its efficiency but 

they sell these products at their original price (Garrido et al., 2016). So, in this 

study some parameters like caffeine, urea, maltodextrin and glucose are also 

estimated to check the adulteration in whey protein based health supplements.  

4.2.2.1 Caffeine estimation 

As we know that the caffeine is a stimulating agent, some manufacturers 

used it to increase the efficiency of health supplements. In earlier studies number 

of supplements adulterated with such ingredients (caffeine, drugs) has been 

noticed. Thus caffeine is also estimated in present study by using HPLC method 

with C18 column and UV detector. The HPLC profile of standard of caffeine is 

given in figure 4.14. The elution (retention) time for caffeine is 3.093 minutes. 

After running the samples, it was found that all the 12 samples contained varied 

amount of caffeine though it was not mentioned on the label of such whey protein 

based health supplements.  The chromatograms of some samples are given in 

Figure 4.15. The standard curve for caffeine estimation is given in Figure 4.16 and 

the estimated values of caffeine in all the samples are given in Table 4.9. 

 

                          Figure 4.14 Chromatogram of standard caffeine 
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Figure 4.15 HPLC profile of whey protein based health supplements 
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                Figure 4.16 Standard curve for caffeine estimation 

 

Table 4.9 Estimated values for caffeine in whey protein based health 

supplements 

S. No. Samples Caffeine (ppm) 

1. S-1 3.13 ± 0.15 

2. S-2 1.57 ± 0.08  

3. S-3 4.28 ±  0.14                                    

4. S-4 3.29 ± 0.09 

5. S-5 5.93 ± 0.32 

6. S-6 8.02 ± 0.44 

7. S-7 3.91 ± 0.12 

8. S-8 2.84  ± 0.04 

9. S-9 4.11  ± 0.63 

10. S-10 1.03  ± 0.12 

11. S-11 4.36  ± 0.93 

12. S-12 4.97 ± 0.05 

 

In the given table, it is showed that all the samples contained caffeine, 

varied from 1.03 to 8.02 ppm and the S-6 contained the highest amount of 
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caffeine among all but there was no statutory warning on the label. So, we can 

say manufacturers either add the caffeine as stimulant to increase the efficiency 

or it came from chocolate in the chocolate flavour whey protein based health 

supplements. 

4.2.2.2 Urea estimation 

As urea is the cheaper source of nitrogen, so manufacturers use this to 

increase the nitrogen as protein but marketing price of these products is same as 

original products. The final colour in urea estimation is yellow colour and showed 

in Figure 4.17. The results of estimated urea are given in Table 4.10 and the 

graphical presentation is given in the Figure 4.18. In the table we can see that all 

the samples contained higher amount of urea varied from 0.043 to 0.093% 

especially S-5, S-8 and S-12 contained much more amount of urea. In the Figure 

4.18, the comparison between urea content of WPC and health supplements has 

been done. In this graph we can see that the urea content in WPC was 0.025% 

but all the supplements contained urea more than the raw WPC and the visible 

can be seen in S-8 and S-12. So, it can be concluded that additional urea was 

present in all the whey protein based health supplements and this much urea on 

daily basis could also affect the health of consumers.  

 

                      Figure 4.17 ELISA plate of urea analysis 



- 69 - 
 

Table 4.10 Estimated value of urea content in whey protein based health 

supplements 

S. No. Samples Urea (%) 

1. S-1 0.045 ± 0.43 

2. S-2 0.046 ± 0.97 

3. S-3 0.097 ± 0.81 

4. S-4 0.049 ± 0.19 

5. S-5 0.15 ± 0.27 

6. S-6 0.052 ± 0.77 

7. S-7 0.045 ± 0.41  

8. S-8 0.93 ± 0.37 

9. S-9 0.072 ± 0.39 

10. S-10 0.043 ± 0.41 

11. S-11 0.091 ± 0.79 

12. S-12 0.73 ± 0.57 

  

 

 

 

Figure 4.18 Graphical presentation for comparing urea content in raw whey 

protein concentrate and whey protein based health supplements 
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4.2.2.3 Maltodextrin detection 

 Manufacturers also use maltodextrin for adulterating the whey protein 

based health supplements, since maltodextrin is the cheaper source of 

carbohydrate and also used as a bulking agent. So, to detect the maltodextrin, 

strip based method developed at NDRI was used. For positive result strips give 

yellow to brown colour and for negative it remains white. The intensity of colour is 

directly proportional to the amount of maltodextrin. The strips of this test is shown 

in Figure 4.19. It was found that out of 12, 41% of whey protein based supplements 

contained maltodextrin but there was no warning on the label of these 5 

supplements. In figure we can see that S-7 and S-8 contained very high amount 

of maltodextrin as strip turned into dark brown colour.   

 

                            Figure 4.19 Tested strips for maltodextrin 

 

4.2.2.4 Glucose detection 

 As maltodextrin strips can also give positive results for glucose. So, for 

verifying the results of maltodextrin, glucose was also estimated using strip based 

method. These glucose strips show light green to dark green colour for substances 

containing glucose but give light yellow colour for negative substances. The 

results for glucose estimation are given in Figure 4.20. In the figure it is showed 

that 3 samples contained glucose. Here we can see that S-8 contained more 

glucose than S-7 but it contained less maltodextrin than the S-8. So, we can say 

that S-7 had much higher amount of maltodextrin. 
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                             Figure 4.20 Strip results for glucose estimation 

So, by comparing both the figures (Figure 4.19 and figure 4.20), it was noticed that 

S-3, S-7 and S-8 contained both Maltodextrin and glucose but S-4 and S-5 

contained only maltodextrin. 
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                                            5. Summary and Conclusion 

The present study was done to check the suitability of existing methods to assess 

the quality of milk protein based health supplements and also to check the 

authenticity of these supplements. For checking suitable method for protein 

estimation three different methods (Kjeldahl method, Lowry method and 

Bicinchononic acid assay) were applied to estimate the protein in raw ingredients 

(WPC, MPC, Micellar casein) and their results were compared and found that 

spectrophotometric methods are more reliable than the Kjeldahl method as it only 

measured true protein content but most preferred method was Lowry method as 

it also takes less time and reagents cost for this method is also very low as 

compare to BCA. For validating the fact that spectrophotometric methods estimate 

only true protein, the protein in raw ingredients was estimated after adulterating it 

with non-protein nitrogen (urea) equivalent to the 1% protein and results showed 

approximately 1% less protein in all the ingredients. Also other composition like 

ash, minerals and urea in raw ingredients were also estimated. The ash and urea 

content was varied from 3-6% and less than 0.029% respectively.  

 The compositional analysis like protein, carbohydrates, individual proteins, 

moisture, ash, fat, minerals (Na, and Ca), in 12 whey protein based health 

supplements collected from the market was also done. Initially total protein was 

estimated and that 66% samples contained less protein while 25% samples were 

contained significantly less protein than their claimed values. The major individual 

whey protein (α-lactalbumin and β-lactoglobulin) were also analysed using HPLC 

method and the calculated protein was somewhat less than the estimated total 

protein. As the ratio of β-lactoglobulin to the α-lactalbumin is approximately 3:1 but 

in one sample this ratio is approx. 2:1 and in one sample the amount of α-

lactalbumin was more than the β-lactoglobulin showed the alteration in the protein 

used to manufacture these supplements. 

 Moisture content in all the health supplements varied from 1.9 to 5.73% and 

2 samples contained moisture more than 5% and may cause issues in storage. 

Ash content varied from 2.5 to 5.79% which is under the value of ash content in 

WPC. The sodium and calcium content varied from 187.93 to 573.09 mg/100 g 

and 501.03 to 1475.68 mg/ 100 g respectively. All the samples contained both the 
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minerals but it was not mentioned in 5 samples. Furthermore, all the samples 

contained significantly higher mineral content than the claimed values. 

 Fat content in 25% samples was more than the claimed values while 2 

samples contained significantly high and low fat content each.   

 Carbohydrates were estimated using HPLC method and found that all the 

samples contained only lactose as carbohydrate except one sample, contained 

sucrose also. The lactose content in samples varied from 2.63 to 59.97% and 33% 

samples contained less carbohydrates than the claimed values. 

 To check the adulteration in whey protein based health supplements some 

parameters like caffeine, urea and maltodextrin were also analysed. Caffeine is 

used as a stimulant, estimated using HPLC method and found that all the samples 

contained caffeine and varied from 1.03 to 8.02 ppm though it was not mentioned 

on the labels of health supplements. 

 As urea is a cheaper source of nitrogen, analysed by DMAB method and 

urea content varied from 0.045 to 0.93%. After comparing these results with the 

urea content in raw ingredients, found that all the samples contained additional 

urea especially 25% samples contained much higher urea content, which can also 

affect the health of consumers. 

 Maltodextrin is used as a bulking agent. Out of 12, 42% samples were 

found positive for maltodextrin in strip based detection method. As maltodextrin 

strips also gives positive result for glucose. So, the glucose was also estimated 

using strip based method and found that 25% samples contained both 

maltodextrin and glucose while 17% samples contained only maltodextrin.  

 As per FSSAI, 2011 guidelines all the ingredients should be labelled in the 

descending order based on the amount of it present in the products. But none of 

the supplements followed the same. 

 Overall it was concluded that 25% samples were significantly varied from 

their claimed values. All the samples contained caffeine, urea and 5 samples also 

contained maltodextrin though it was not mentioned on the labels of the whey 

protein based health supplements. At present no analytical methods and quality 

standards are prescribed by FSSAI to analyse these products. So, the legal 
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standards and analytical methods are required to check the authenticity of milk 

protein based health supplements. 
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