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ABSTRACT 

The purpose of this research was to learn more about high-protein nutrition bars and milk protein 

concentrate (MPC) powders. Briefly discussed are the steps required to create MPC from fluid 

milk and some of its more generalized functional features. It is common knowledge that HPN 

bars made by MPCs exhibit fast textural changes as they age in storage. However, our research 

suggests that the processes used to explain texture changes in other model HPN bars are likely 

linked to those used to explain texture changes in MPC-formulated HPN bars. This article 

reviews the functional qualities of MPC components and discusses how such features may 

impact HPN bar performance. It is common knowledge that the performance of protein 

ingredients may be enhanced by modifying their activity through chemical, enzymatic, and 

physical means. In the sections that follow, we'll go into further detail on each as it relates to 

using HPN bars. However, little protein changes are made to high-protein, solid IMFs like HPN 

bars to increase performance. A lot of what is said is conjectural, as it is predicated on what is 

already known about the original HPN bar texture and its stability throughout storage. Although 

HPN bars are complicated, multi-component systems, the protein source (i.e., soy vs. whey) 

utilized affects the texture of the final product. 
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INTRODUCTION 

Milk protein concentrates (MPCs) (42-85% protein w/w) are powder protein ingredients that are 

produced by concentrating and drying the proteins in bovine skim milk.  Common food protein 

functional properties (e.g., solubility, gelation, heatstability) are well covered in the literature for 

MPCs (Agarwal and others 2015).  Highprotein (≥ 80% protein w/w) MPCs (i.e., MPC80, 

MPC85) have poor solubility that worsens during storage.  This limits its usable shelf life and 

improving its solubility has been a primary focus.  Our approach focused on using high-protein 

MPCs in intermediate moisture food (IMF) systems where complete protein dissolution is not a 

perquisite for performance and in some cases could be texturally detrimental (Cho 2010).    

High-protein nutrition (HPN) bars (20-50% protein w/w) are a target application for high-protein 

MPCs.  Nutritionally, MPCs had the highest digestible indispensable amino acid score (DIAAS; 

1.18) when compared with soy protein isolate (SPI; 0.91), whey protein concentrate (WPC; 

1.10), and several other commercial protein ingredients (Rutherfurd and others 2015).  Unlike 

protein hydrolysates, a mainstay in HPN bars, MPCs are not bitter and have clean, milky flavor.  

However, when MPCs are added into a  

HPN bar formulation they cause the system to harden and lose cohesion during storage.  

Consumers do not desire a hard, crumbly HPN bar and this drastically limits the product’s 

textural shelf life.  This has limited the inclusion of high-protein MPCs in HPN bars.  

Milk Protein Concentrate Powders  

1. Milk:  A Precursor to Milk Protein Ingredients  

Milk is defined as the lacteal secretion, practically free from colostrum, obtained from the 

complete milking of one or more healthy cows (Milk 2015).  Packaged fluid milk for beverage 

consumption must be pasteurized or ultra-pasteurized and contain at least 8.25% (w/w) milk 

solids not fat (SNF) and not less than 3.25% (w/w) milkfat (Milk 2015).  Table 1 provides the 

proximate, mineral, vitamin, lipid, and amino acid content of producer fluid milk with 3.7% 

milkfat (USDA 2015c).  Annual worldwide milk production is expected to surpass 500 million 
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metric tons (MMT) in 2016 and 96.3 MMT of that will be produced in United States (US) 

(USDA 2015b).  However, only 28% of the fluid milk produced in the US is used as fluid milk.  

A majority of the excess fluid milk is processed into dairy powders by water removal processes 

(e.g., concentration, drying) that extends the shelf life of this once perishable product and allows 

for global trade (Lagrange and others 2015; Cessna and Kuberka 2015).  The most basic dairy 

powders include skim milk powder (SMP) (Codex Standard for Milk…1999), nonfat dry milk 

(NFDM) (Nonfat Dry Milk 2015), and whole milk powder (WMP) (Dry Whole Milk 2015).  

SMP, NFDM, and WMP each contain a high concentration of β-Dgalactopyranosyl-(1→4)-D-

glucose (i.e., lactose, milk sugar) (Table 2), which causes gastrointestinal issues upon 

consumption in lactose intolerant individuals (Deng and others 2015).  Despite this, milk 

powders are one of the oldest industrial ingredients used by the food industry (Lagrange and 

others 2015).  

Table 1 Composition1 of milk (producer, fluid, 3.7% milkfat) per 100 g 

Proximates  Lipids   

Water  87.69 g  Saturated  2.278 g   

Energy  64 kcal  4:0   0.119 g  

Protein  3.28 g  6:0   0.07 g  

Total fat  3.66 g  8:0   0.041 g  

Ash  0.72 g  10:0   0.092 g  

Carbohydrate  4.65 g  12:0   0.103 g  

Fiber 0 g  14:0   0.368 g  

  16:0   0.963 g  

  18:0   0.444 g  

Amino Acids  Monounsaturated  1.057 g   

Tryptophan  0.046 g  16:1   0.082 g  
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Threonine  0.148 g  18:1   0.921 g  

Isoleucine  0.198 g  20:1   0 g  

Leucine 0.321 g  22:1   0 g  

Lysine  0.26 g  Polyunsaturated  0.136 g   

Methionine  0.082 g  18:2   0.083 g  

Cystine 0.03 g  18:3   0.053 g  

Phenylalanine  0.158 g  18:4   0 g  

Tyrosine  0.158 g  20:4   0 g  

Valine 0.22 g  20:5 n-3 (EPA)   0 g  

Arginine  0.119 g  22:5 n-3 (DPA)   0 g  

Histidine 0.089 g  22:6 n-3 (DHA)   0 g  

Alanine  0.113 g  Cholesterol  14 mg   

Aspartic acid  0.249 g  Phytosterols 0 mg   

Glutamic acid  0.687 g     

Glycine  0.069 g  Vitamins   

Proline 0.318 g  Vitamin C  1.5 mg   

Serine  0.178 g  Thiamin 0.038 mg   

  Riboflavin  0.161 mg   

Minerals  Niacin  0.084 mg   

Calcium, Ca 119 mg  Pantothenic acid  0.313 mg   

Iron, Fe  0.05 mg  Vitamin B-6  0.042 mg   

Magnesium, Mg  13 mg  Folate, total  5 µg   

Phosphorus, P  93 mg  Folic acid  0 µg   
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Potassium, K  151 mg  Folate, food  5 µg   

Sodium, Na  49 mg  Folate, DFE  5 µg   

Zinc, Zn  0.38 mg  Vitamin B-12  0.36 µg   

Copper, Cu  0.01 mg  Vitamin A, RAE  33 µg   

Manganese, Mn 0.004 mg  Retinol  31 µg   

Selenium, Se  2 µg  Vitamin A  138 IU   

1
Compositional data obtained from the National Nutrient Database for Standard Reference 

(USDA 2015c).   

Table 2 Composition
1
 (g per 100 g) of skim milk powder (SMP), nonfat dry milk (NFDM), 

and whole milk powder (WMP) 

Proximates SMP  NFDM  WMP  

Water  3.8  3.2  2.5  

Energy (kcal)  363  362  496  

Protein  33  36  26  

Fat  0.8  0.8  27  

Carbohydrate  56  52  38  

Fiber 0  0  0  

Ash  7.9  8.4  5.8  

1
Compositional data obtained from the National Nutrient Database for Standard Reference 

(USDA 2015d, 2015e) and Lagrange and others (2015).   
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Adding milk powder to foods improves their protein quality and mineral content, and does not 

introduce anti-nutritional factors found in some plant proteins.  These attributes make 

fortification with milk powders nutritionally beneficial for the world’s malnourished population; 

especially those who suffer from severe protein deficiency (i.e., kwashiorkor) (Hoppe and others 

2008).  The world’s population is expected to grow to 9.7 billion by 2050 and 11.2 billion by 

2100 (United Nations 2015).  Urbanization and the growth of the middle class will increase the 

demand for protein; especially those derived from animal sources such as meat and milk.  

Animal proteins are complete proteins whereas those derived from other sources (e.g., grains, 

seeds) are typically deficient in at least one essential amino acid.  Literature suggests that 

consuming 25-30 g protein per meal, particularly those rich in branched chain amino acids (e.g., 

leucine), can promote muscle growth and reduce sarcopenia in aging adults (Paddon-Jones and 

Rasmussen 2009).  A high-protein diet can help maintain a healthy body weight and provides a 

satiating effect (Westerterp-Plantenga and others 2012; Veldhorst and others 2012).  Science-

based media reports (www.ift.org) have bolstered the importance of dietary protein and 

consumers have responded by increasing their consumption.  As a result, the food industry has 

developed quick and convenient foods, such as beverages, bars, and snacks, with more protein at 

reasonable prices (Layman 2014). The recommended daily allowance (RDA), which is the 

amount required per day to prevent deficiency related complications, for protein is set at 0.8 g/kg 

body mass.  For athletes, 1.2 to 1.4 g protein per kg body mass has been suggested, although the 

recommended increase was not fully substantiated (Lamont 2012).  The US set the daily 

reference value (DRV) for protein at 50 g (Nutrition Labeling of Food 2015).  If world’s 7.3 

billion people in 2015 (United Nations 2015) consumed protein at the DRV for a year, it would 

require 133 MMT protein (7.3 billion people × 18.25 kg protein/yrperson).  Assuming that all 

fluid milk contains 3.4% protein, 17 MMT of milk protein will be produced in 2016 with 3.3 

MMT of that being produced in the US.  Dairy proteins can only partially meet the world’s 

demand for protein and they must be combined with other sources, especially since milk protein 

allergy limits consumption by a fraction of the population (Pereira 2014).    
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2. Membrane usage in Milk Protein Powder Processing  

While fluid milk, SMP, NFDM, and WMP powder are good sources of dairy protein, their 

practical functionality in processed foods is limited.  Typical uses of these ingredients include 

recombined fluid milk, cheese, sweetened condensed milk, ice cream, confections, baked 

products, evaporated milks, and other beverages (Oldfield and Singh 2005).  Milk powder 

addition to formulations to standardize, increase, or improve the protein content is limited by the 

introduction of excessive lactose.  Microbial metabolism of excess lactose may cause unwanted 

or secondary fermentations during cheese and yogurt production (Sankarlal and others 2015; 

Wolf and others 2015).  Lactose may crystallize during ice cream storage, which causes 

unwanted “sandiness” to develop (Patel and others 2006).  Moreover, lactose imparts very few 

physiochemical properties in foods, as its simple disaccharide structure does not allow for it.  

Lactose has been the subject of further processing to enhance its value in food and nonfood 

applications (Seki and Saito 2012).    

3. Production of Membrane Concentrated Milk Protein Powders  

WPCs (34-89% protein d.b.) and WPIs (≥ 90% protein d.b.) paved the way for the production of 

other dry dairy protein ingredients (Table 3).  MF or UF of milk can be used to produce micellar 

casein concentrates (MCCs) or low lactose MCCs, respectively, that have sensory properties 

superior to dried casein and caseinates whereas the serum protein fraction that permeates has 

optimal solubility and clarity for use in protein beverages (Hurt and Barbano 2015).  UF of skim 

milk followed by concentration and spray drying can be used to produce a total milk protein 

concentrate (MPC) with caseinto-whey protein ratio (80:20) the same as typical bovine milk 

(Singh 2007).  MCCs and MPCs are produced with different final protein content, which is 

identified by the number directly following MPC (i.e., MPC80 has 80% protein d.b.).  MPCs 

with protein content greater than or equal to 90% (d.b.) are more commonly referred to as milk 

protein isolates (MPIs).   
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Table 3 Composition
1
 (g per 100 g) of several dairy protein ingredients:  Milk protein 

concentrate (MPC), micellar casein concentrate (MCC), and whey protein concentrate 

(WPC)  

 

 All compositional data obtained from Dairy Management Inc.   

 Protein content is specified as a minimum value and is reported on a dry basis for products 

labeled 80 and above.    

 Maximum values on an as-is basis are specified for fat, lactose, ash, and moisture.    

It should be noted that MPCs, MPIs, and MCCs do not possess a standard of identity.  The 

terminology MCC is used to describe a casein-rich product produced by membrane processing 

with membranes such that its micellar structure is maintained.  Precipitation of casein from milk 

by acid or rennet followed by washing and drying produces casein powder (Codex Standard for 

Edible…1995).  Neutralization of dissolved casein powder with sodium, potassium, or calcium 

hydroxide followed by drying produces sodium, potassium, or calcium caseinate, respectively, 

which have improved functionality and are commonly used in industrial applications.  MCC 

possess superior functional properties, compared to casein powder and caseinates, and while it 

has been used in some nutritional products, its domestic and foreign production numbers are 

unknown (Lagrange and others 2015).  MPCs can also be produced by co-precipitating the casein 

and whey proteins in skim milk followed by drying or by dry blending dairy powders together 
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such that the casein-to-whey protein ratio is approximately 80:20 (Kelly 2011).  Compared with 

NFDM, MCCs and MPCs are relatively new protein ingredients and slowly they are starting to 

replace traditional dairy based ingredients in processed foods.  

4. Structure-function of Milk Proteins  

Proteins are macromolecules assembled by linking amino acids together through peptide bonds.  

Food proteins provide nutrition to the consumer, and add structure and functionality to the food 

product.  After consuming protein, it is digested to oligopeptides and amino acids, which are 

absorbed through the gastrointestinal tract.  Amino acids are used for anabolic synthesis of 

proteins, co-enzymes, pigments, and nucleic acids.  Oligopeptides are bioactive, and benefit the 

consumer in some way greater than its simple amino acid composition, or in some instances they 

initiate an allergic response (Picariello and others 2013).  The nutritional, bioactive, and 

allergenic properties of dairy proteins have been studied and the results are often conflicting due 

to methodological differences.  Proteins serve as the primary structural building blocks in foods 

such as meat (e.g., steak), cheese, and yogurt (Foegeding and Davis 2011).  Concentrated and 

isolated protein powders can be used to build and stabilize food structures by imparting their 

functional properties.  These functional or physicochemical properties include solubility, 

gelation, emulsification, foam stability, heat stability, water binding, and many others.    

5. Functionality and Applications of Milk Protein Powders  

The functional properties of WPC/WPI, MPC/MPI, acid casein, calcium caseinate, sodium 

caseinate, MCC, and hydrolysates were qualitatively summarized and example food applications 

where those functionalities are useful are provided.  For example, one research institute report 

stated that MPCs have high solubility (Dairy Management Inc. 2015a) whereas it is known that 

solubility of MPC powders decreases with increasing storage time (Haque and others 2010).  The 

mechanisms for decreasing MPC solubility have been reviewed (Fan and others 2014) and 

processing modifications (Cao and others 2015b; Augustin and others 2012; Carr 2002) and 

optimal dissolution conditions (Li and others 2015; McCarthy and others 2014) have been 

explored.  Alternatively, WPC/WPI are very soluble by comparison, and while MPCs do dissolve 
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they do not hydrate as easily as WPC/WPI, and therefore are not noted for solubility.  The 

functionality of a protein powder ingredient depends on its processing conditions and its final 

composition.  For example, low-protein MPCs (e.g., MPC35, MPC50) dissolved and wetted 

more readily than those with intermediate (e.g., MPC60, MPC70) and high-protein (e.g., MPC80, 

MPC85, MPI) (Crowley and others 2015b).  If functional properties vary by protein content so 

do the food applications where they can be applied. 

High-protein Nutrition Bars and Texture Changes during Storage  

1. The Rise of High-protein Nutrition bars  

Nutrition and HPN bar sales grew 71% from 2006 to 2011, and topped $1.7 billion in sales 

during the latter year with future growth expected (Mintel 2012).  Approximately 226 products 

were on the market in 2005 and in 2015 that number grew to 1,012 different nutritional bars 

(Dizik 2015).   

Nutritional bars that highlight protein and convenience sell better than products marketed on 

fiber content, weight loss claims, and those featuring cereals (e.g., granola bars) (Dizik 2015).   

Many different nutritional bars, once available only in specialty shops, are now readily available 

at grocery and convenience stores.  These nutritional bars are broadly categorized as high-protein 

(i.e., HPN bars), balanced nutrition (40%/30%/30% carbohydrates/non-trans fat/protein caloric-

basis), carb conscious, and carbohydrate-rich  

There is no standard of identity stipulated for HPN bars.  Their name suggests that protein 

content should be “high” and thus they should provide at least 20% DRV (50 g) for protein 

(Nutrient Content Claims…2015).  At a minimum, a HPN bar shall provide 10 g protein per 

reference amount customarily consumed per eating occasion (Reference Amounts…2015) to be 

labeled as a high-protein product.  The example HPN bars provide 14-30 g protein per 40-100 g 

serving and they can be formulated to contain up to 50% protein (w/w) (Imtiaz and others 2012), 

thus, can potentially utilize a large amount of milk protein powders.  These high-protein systems 

are preferably cold processed, that is, formed (e.g., rolled, pressed), shaped (e.g., low-pressure 



International Journal in Management and Social Science  
Volume 09 Issue 12, December 2021 ISSN: 2321-1784 Impact Factor: 7.088 
Journal Homepage: http://ijmr.net.in, Email: irjmss@gmail.com                               
Double-Blind Peer Reviewed Refereed Open Access International Journal  

  

388 International Journal in Management and Social Science 
http://ijmr.net.in, Email: irjmss@gmail.com 

 

extrusion), cut, and packaged without cooking, because the protein component tightly binds 

water which prevents its release during baking (Burrington 2007).    

2. Generalized high-protein Nutrition Bar Composition with Emphasis on the Protein 

Component  

HPN bars are comprised of 20-50% protein, 10-50% carbohydrates, and 10-15% fats on a 

weight-basis (Imtiaz and others 2012; Zhu and Labuza 2010). A formulation constraint in 

softtextured, non-baked HPN bars is water activity (aw), which must be kept less than 0.65 to 

ensure microbial safety (Loveday and others 2009).  Some literature-based model formulations 

exclude free water all together and instead rely on sugar syrups (e.g., HFCS), polyols (e.g., 

glycerol), and sugar alcohols (e.g., sorbitol) to bind the system together while maintaining the 

low aw.  Flavorings, vitamin/mineral premixes, coatings, and other textural elements are added to 

HPN bars.      

Dairy powders, namely, calcium caseinates and whey protein hydrolysates, and soy protein 

powders, such as concentrates and isolates, are usually blended as protein sources in commercial 

HPN bar formulations (Imtiaz and others 2012).  Careful protein ingredient selection is required 

as when proteins become highly concentrated in HPN bars, they adversely affect texture and 

accelerate undesirable texture changes, namely hardening, during storage.  MPCs/MPIs are 

avoided in HPN bars since their products quickly harden and lose cohesiveness during storage 

(Imtiaz and others 2012; Loveday and others 2009; Li and others 2008; Baldwin and Pearce 

2005), especially in comparison to other protein powders, such WPCs/WPIs.  MPCs and MPIs, 

which are nutritionally superior to soy protein isolates (SPIs) and several other common protein 

ingredients (Rutherfurd and others 2015), have slowly penetrated HPN bar formulations as they 

negatively impact textural quality.  MetRX, a nutritional company, first used MPCs/MPIs in their 

products, including HPN bars, during the early 1990s, but since then few products have 

incorporated these high-quality proteins at a substantial level (Agarwal and others 2015).  HPN 

bar texture literature has focused on whey proteins (Rao and others 2013a; Zhu and Labuza 

2010; McMahon and others 2009) although other proteins, including egg white, SPI, calcium 

caseinate, and MPI, in similar systems have also been studied (Rao and others 2013b; Li and 
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others 2008).  Even though many different protein powders have been evaluated in model HPN 

bar systems, it remains unclear what functionality they should possess to a balance firmness and 

cohesiveness while maintaining textural stability during storage. 

CONCLUSION 

High-protein milk protein concentrates (MPCs), such as MPC80 (80% protein w/w) and MPC85 

(85% protein w/w), produced high-protein nutrition (HPN) bars (30% protein w/w) that hardened 

and lost cohesion during storage.  Previously, the most detrimental aspect of HPN bar texture 

change was thought to be hardening, but in HPN bars formulated with high-protein MPCs, loss 

of cohesion is even more detrimental.  Milled extruded MPC80 fared well in HPN bars by both 

slowing hardening and imparting cohesion.  Transglutaminase cross-linked and calcium-reduced 

MPC did not impart any practical textural improvement for use in HPN bars.  Reducing the 

particle size of MPC85 by jet-milling led to HPN bars that were denser, firmer, and more 

cohesive and texturally stable than those prepared with native MPC85 powder.   
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