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1. Introduction

Dairy science and technology is a field that encompasses the production and 
manufacturing of all dairy products as well as the machinery and methods used 
in the dairy industry. The largest part of the food supply chain is, by far, the dairy 
industry. This industry is an integral part of our food economy that not only sup-
plies consumers with many ready-to-eat products such as milk, butter, and cheese 
but also produces many of the ingredients like milk powder and condensed milk 
that are found in processed foods. Milk itself has also become a key ingredient for 
the deployment of probiotics and the development of functional food products 
designed to improve consumer health. As such, dairy products have become an 
area of accelerated research and innovation, particularly in the areas of processing, 
sustainability, and health, and marketing strategy.

2. Historical reviews and developments

Milk has been a source of sustenance for newborn offspring since the emer-
gence of mammals: all species of which produce milk to sustain their young 
[1]. Meanwhile, the practice of domesticating other mammalian species for 
milk production and consumption is so ancient; it predates written records 
[2]. In fact, prehistoric baby bottles have recently been uncovered in Bavaria, 
Germany, indicating that animal milk was used as far back as the Bronze Age to 
feed infants [3]. The discovery of animal milk as a food source was an important 
achievement because a sustainable food source that could meet human physi-
ological needs for energy, water, and nutrients was then available [2]. All of the 
animal species originally exploited for milk, including cows, buffaloes, camels, 
sheep, yaks, goats, horses, and camels, are still used today for that purpose as 
milk and milk products continue to be a diet staple in many cultures around the 
world [4].

The role of milk in traditional diets varies according to climate. For example, 
milk does not play a role in the diet of many tropical cultures as much as in temper-
ate Northern Europe, where far higher volumes of milk and milk products are pro-
duced and consumed [5]. This is most likely simply due to the fact that, with a lack 
of refrigeration, warmer climates make milk refractory to long-term storage [5]. In 
these warmer climate cultures, milk has traditionally been consumed immediately 
or otherwise preserved by boiling or processing into more stable products such as 
fermented milks [6].
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Advances in the technology of milk production have occurred only relatively 
recently. The milk homogenizer was patented in 1899. This device was designed to 
break up milk globules in order to give milk the consistency that we take for granted 
today [7]. Automated milking systems appeared nearly a century later [8]. Milk 
production and biotechnology intersected in the 1990s with the advent of recom-
binant bovine growth hormones that were used to provoke an increase in milk 
production per cow [9] and the approval by the FDA of cloned animals for milk 
production in 2008 [10]. Recently, automated cell counters have emerged which can 
be used for the early detection of bovine mastitis [11].

Dairy product safety is an important issue because milk, being nutrient dense, 
not only serves as a medium that supports the growth of beneficial fermentative 
microflora [12] but is also a medium in which pathogenic species can proliferate 
[13]. The first dairy safety technologies included the invention of the process of 
pasteurization in the nineteenth century by Louis Pasteur, a technique adopted 
universally in the USA in 1917 [14]. The first milk safety packaging was glass milk 
delivery bottles invented by Henry Thatcher [15]. Milk tankers appeared in 1914 
[16], and milk cartons became ubiquitous by 1974 [17]. In very recent years, cold 
pressure processing has been developed as an alternative to pasteurization [18]. 
Pulse electric field [19], ultra-sonication [20], and irradiation [21] have also been 
explored as alternatives. Meanwhile, dairy supply chains have become more central-
ized, leading to emerging issues in dairy safety. Hazard analysis and critical control 
point (HACCP) management programs have been developed to help neutralize 
biological, physical, and chemical hazards. HACCP mandates risk assessments at 
different points in the production process [22]. These programs demand continu-
ous monitoring of the microbiota of both the dairy products and the production 
environment which has led to a new demand for rapid methods of microbiological 
detection and identification. As a result, novel rapid and high-precision techniques 
such as qPCR [23] and enzyme immunoassays [24] have been developed to identify 
milk pathogens such as Campylobacter and Escherichia coli O157:H7.

Another key achievement of mankind in the area of nutrition was the acciden-
tal discovery of bacterially fermented products from the milk of the domesticated 
species mentioned above [25]. Instead of being considered spoiled, these products 
entered the human diet as nutritional food products. Long before refrigeration 
existed and microbes were discovered, fermentation was adopted as an ancient 
method of preserving milk. As such, traditional fermented milk products are 
found in many cultures. These products include dadiah, the traditional fermented 
buffalo milk from West Sumatra; filmjölk, from Scandinavia; and the eastern 
European kefir.

Yogurt is the fermented milk product most widely distributed in the West and 
is thought to have been invented in 5000 B.C. Yogurt has also been known to be a 
health food for a long time: its health benefits are mentioned in the Vedas and in the 
Old Testament [26]. The type of yogurt we know today originated from the Balkans 
and is produced using a culture of Lactobacillus delbrueckii subsp. bulgaricus and 
Streptococcus thermophilus bacteria. Yogurt was popularized in Europe and the USA 
in the first decade of the twentieth century by the scientist Élie Metchnikoff [27]. 
Metchnikoff believed that this fermented milk product promoted good health and 
ultimately longevity by supporting a balance of beneficial bacterial microflora in 
the gut [28]. The original hypotheses and observations regarding the first “probi-
otic” and the effects it had on health have since led to the proliferation of probiotic 
food products, supplements, and functional foods that we see on the market today. 
The number of these products has increased with the discovery of novel beneficial 
species of gut bacteria and the development technologies that can support the 
delivery of viable bacteria to the consumer [29]. However, there is some controversy 
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over whether or not the species of bacteria found in the original Balkan product can 
be considered a probiotic.

Cheese was similarly discovered in ancient times when fermented milk was 
found to fractionate into a liquid and a coagulated solid that was protein rich. The 
liquid, known as whey, was drained, leaving a solid curd to be stacked and dried 
during an aging process to produce cheese [30]. Cheeses, particularly hard cheeses, 
maintain their nutritional value for long periods of time. In addition, because it con-
tains little lactose, cheese can command an advantage over milk for consumers who 
are lactose intolerant [31]. In a later discovery, rennet, an enzyme found in the stom-
ach lining of cows, was found to quicken the coagulation process. Medieval clergy-
men later tinkered with the aging processes and the use of rennet to give us the hard 
cheeses like Parmesan, Gruyère, Roquefort, and Munster [32]. Modern technologies 
have focused on standardizing milk inputs, such as by diafiltration [33], and creat-
ing cheeses with the functional properties taste, color, melt, and mouth feel that are 
considered desirable by the end user [34], such as by adding adjunct species during 
the fermentation process [35]. In addition, there are areas of intensive research 
with the aim of reducing production time. These include developing strategies for 
preventing bacteriophage infections that might slow the acidification process during 
fermentation by exploiting host bacteriophage resistance and defense mechanisms 
[36] and finding methods to speed up the curd drying process [37].

The functional properties associated with cheese include the following: flavor/
aroma, which is a result, in part, of protein and fat content; viscosity, which is 
determined by the liquid phase of the milkfat; texture/mouthfeel, stretch, which 
depends on pH, relative fractions of colloidal calcium phosphate, and the propor-
tion of casein proteins that remain intact; browning during baking, which occurs 
due to a reaction between lactose and proteins; and freezing ability, which is the 
ability to be frozen and retain physical properties. Research in the area of func-
tional properties of cheeses is ongoing as new products are created in response to 
demands by the end user. For example, due to some of the negative health effects 
of saturated fats, low-fat alternatives have been developed. However, additives are 
needed to compensate for the lack of fats so that the properties of the cheese do 
not change with respect to normal fat cheese [38]. Another aspect of functionality 
is associated with the health benefits that the components of cheese provide. For 
example, beneficial bioactive peptides, oligosaccharides, and fatty acids are found 
in cheeses such as Parmesan and Gouda. The health benefits of these bioactives 
can include a reduction in hypertension and blood sugar as well as immune system 
modulation [39].

Modern industrial production of soft cheeses and Greek yogurt generates large 
quantities of liquid acid whey byproducts, which are environmentally unfriendly 
and costly to transport and dispose of [40]. One solution that has been attempted is 
to transfer liquid whey to farmers for use as a crop fertilizer [41]. However, trans-
portation costs for high volumes are high. In addition, limited amounts of acid whey 
can be disposed of in this fashion because runoff can lead to acidification of nearby 
water supplies. Such additional contamination in water can lead to algal blooms 
and a resultant drop in dissolved oxygen which is lethal for aquatic animal species 
[42]. For this reason, a method for converting the liquid whey by-product into a 
usable product in other processed food products or to limit the production of whey 
[43] are active areas of research. Some possible solutions that have been proposed 
are to process the lactose found in this by-product for use as a sweetener [44] or to 
use microfiltration technologies to separate out specific proteins that can be used as 
functional ingredients in other food products [45]. However, the vast quantities of 
acid whey produced by the dairy industry remain an ongoing problem in search of 
innovative solutions.
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3. Dairy foods in human nutrition

Recognizing the importance of milk in the human diet, the USDA has promoted 
the consumption of milk since at least the mid-twentieth century. For example, the 
National School Lunch Act of 1946 mandated that milk be included in subsidized 
school lunches. Meanwhile, the Child Nutrition Act of 1966 and the Special Milk 
Program led to the provision of free milk to schools that did not participate in other 
nutrition programs. In 1990, the Fluid Milk Promotion Act was passed in order to 
authorize the USDA to conduct campaigns to increase consumer purchases of liquid 
milk. Since then, the “Got Milk” campaign began in 1993 as a way to counter the 
rise in the consumption of sugary soft drinks as a primary beverage. This campaign 
was replaced by the “Milk Life” campaign in 2014 that emphasized lifestyle choices. 
In 2004, the “3-A-Day” advertising campaign was introduced which promoted a 
link between milk products and the health benefit of weight loss (this campaign 
was later discontinued in 2007 to due complaints to the Federal Trade Commission 
of the lack of evidence for this claim). Private initiatives were also carried out, such 
as the formation of Dairy Management, Inc. to promote the sale of milk. Beginning 
in 2015, the issue of low milk sales took particular prominence due to the drop in 
sales of dairy products vs. non-milk plant-based products. Since then, research into 
how best to promote the sale of liquid milk has been welcomed [46]. Another recent 
development in human nutrition is related to the establishment of “my plate.” It 
replaced the USDA’s MyPyramid guide on June 2, 2011, ending 19 years of USDA 
food pyramid diagrams. This clearly demonstrated that dairy foods become part of 
modern healthy diet.

The primary purpose of this book is thus to explore a cross section of current 
trends in dairy science with respect to safety, sustainability, processing, health, 
and marketing. Food safety risks in the dairy supply chain will be explored as well 
as systematic discovery of marketing messages designed to appeal to the dairy 
consumer. We will look at some of the technology improvements in manufacturing 
processes, the exploitation of waste products, and new frontiers in the production 
of functional cheese products. In addition, we also reopen the issue, originally 
proposed by Metchnikoff, that the species of bacteria found in yogurt is the reason 
for yogurt’s health benefits, with an emphasis on the particular properties and 
benefits of L. bulgaricus, one of two primary species used in the fermentation of 
yogurt products. Other trends left unexplored are the search for antimicrobial 
targets that can be exploited in food safety applications [47, 48] and gaining a better 
understanding of the process of autolysis, which is fundamental to cheese making 
and probiotic stability [49], and the role of prebiotics in health promotion [50].

Acknowledgements

This publication was made possible by grant number NC.X-267-5-12-170-1 
from the National Institute of Food and Agriculture (NIFA), by Jarrow Formulas, 
USA. The content herein is solely the responsibility of the authors and does not 
necessarily represent the official view of NIFA.



5

Introductory Chapter: Overview of Trends in Dairy Science and Technology
DOI: http://dx.doi.org/10.5772/intechopen.91050

Author details

Tahl Zimmerman*, Rabin Gyawali and Salam A. Ibrahim
Food Microbiology and Biotechnology Laboratory, North Carolina Agricultural and 
Technical State University, Greensboro, NC, USA

*Address all correspondence to: tzimmerman@ncat.edu

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



6

Current Issues and Challenges in the Dairy Industry

[1] Oftedal OT. The evolution of milk 
secretion and its ancient origins. 
Animal. 2012;6(3):355-368

[2] Curry A. Archaeology: The milk 
revolution. Nature. 2013;500(7460): 
20-22

[3] Dunne J, Rebay-Salisbury K, 
Salisbury RB, Frisch A, Walton-Doyle C, 
Evershed RP. Milk of ruminants 
in ceramic baby bottles from 
prehistoric child graves. Nature. 
2019;574(7777):246

[4] Barlowska J, Szwajkowska M, 
Litwinczuk Z, Krol J. Nutritional value 
and technological suitability of milk 
from various animal species used for 
dairy production. Comprehensive 
Reviews in Food Science and Food Safety. 
2011;10(6):291-302

[5] Hernandez-Castellano LE, Nally JE, 
Lindahl J, Wanapat M, Alhidary IA, 
Fangueiro D, et al. Dairy science and 
health in the tropics: Challenges and 
opportunities for the next decades. 
Tropical Animal Health and Production. 
2019;51(5):1009-1017

[6] Falvey L, Chantalkhana C. 
Smallholder Dairying in the Tropics. 
Nairobi: International Livestock 
Research Institute; 1998

[7] Wilbey RA. Homogenization of 
Milk: Principles and Mechanism 
of Homogenization, Effects and 
Assessment of Efficiency: Valve 
Homogenizers. Encyclopedia of Dairy 
Sciences. 2011. pp. 750-754

[8] Castro A, Pereira JM, Amiama C,  
Bueno J. Estimating efficiency in 
automatic milking systems. Journal of 
Dairy Science. 2012;95(2):929-936

[9] Dohoo IR, Leslie K, DesCoteaux L, 
Fredeen A, Dowling P, Preston A, et al. 
A meta-analysis review of the effects 

of recombinant bovine somatotropin 1. 
Methodology and effects on production. 
Canadian Journal of Veterinary 
Research. 2003;67(4):241-251

[10] Tanne JH. FDA approves use 
of cloned animals for food and 
milk. British Medical Journal. 
2008;336(7637):176-176

[11] Sørensen LP, Bjerring M, 
Løvendahl P. Monitoring individual 
cow udder health in automated 
milking systems using online somatic 
cell counts. Journal of Dairy Science. 
2016;99(1):608-620

[12] Hayek SA, Gyawali R, Aljaloud SO, 
Krastanov A, Ibrahim SA. Cultivation 
media for lactic acid bacteria used 
in dairy products. Journal of Dairy 
Research. 2019;86(4):490-502

[13] Garcia SN, Osburn BI, Cullor JS. 
A one health perspective on dairy 
production and dairy food safety. One 
Health. 2019;7:100086

[14] Steele JH. History, trends, and 
extent of pasteurization. Journal of 
the American Veterinary Medical 
Association. 2000;217(2):175-178

[15] Lockhart B, Pete S, Serr C, 
Lindsey B. The Dating Game: Thatcher 
Glass Mfg. Co. Bottles and Extras. 2007

[16] Rankin SA, Bradley RL, Miller G, 
Mildenhall KB. A 100-year review: 
A century of dairy processing 
advancements—Pasteurization, 
cleaning and sanitation, and sanitary 
equipment design. Journal of Dairy 
Science. 2017;100(12):9903-9915

[17] Robertson G. The paper beverage 
carton: Past and future. Food 
Technology Magazine. 2002;56(6)

[18] Chawla R, Patil GR, Singh AK. High 
hydrostatic pressure technology in 

References



7

Introductory Chapter: Overview of Trends in Dairy Science and Technology
DOI: http://dx.doi.org/10.5772/intechopen.91050

dairy processing: A review. Journal 
of Food Science and Technology. 
2010;48(3):260-268

[19] Mohammed MEA, Amer Eiss AH.  
Pulsed Electric Fields for Food 
Processing Technology. In: Structure 
and Function of Food Engineering; 
2012. Available from: https://www.
intechopen.com/

[20] Nguyen NHA, Anema SG. Effect 
of ultrasonication on the properties 
of skim milk used in the formation 
of acid gels. Innovative Food 
Science & Emerging Technologies. 
2010;11(4):616-622

[21] Odueke OB, Farag KW, Baines RN, 
Chadd SA. Irradiation applications 
in dairy products: A review. 
Food and Bioprocess Technology. 
2016;9(5):751-767

[22] van Schothorst M, Kleiss T. HACCP 
in the dairy industry. Food Control. 
1994;5(3):162-166

[23] Zhou B, Liang T, Zhan Z, Liu R, 
Li F, Xu H. Rapid and simultaneous 
quantification of viable Escherichia 
coli O157:H7 and Salmonella spp. in 
milk through multiplex real-time 
PCR. Journal of Dairy Science. 
2017;100(11):8804-8813

[24] Law JW-F, Ab Mutalib N-S, Chan 
K-G, Lee L-H. Rapid methods for 
the detection of foodborne bacterial 
pathogens: Principles, applications, 
advantages and limitations. Frontiers in 
Microbiology. 2015;5:770

[25] McFarland LV. From yaks to yogurt: 
The history, development, and current 
use of probiotics. Clinical Infectious 
Diseases. 2015;60(suppl 2):S85-S90

[26] Shah NP. Yogurt in Health and 
Disease Prevention. London: Academic 
Press, an imprint of Elsevier; 2017. 
p. xxviii, 542 p

[27] Bibel BJ. Elie Metchnikoff ’s 
bacillus of long life. ASM News. 
1988;54(12):661-665

[28] Metchnikoff E, Mitchell PC. The 
Prolongation of Life: Optimistic Studies. 
New York & London: G. P. Putnam’s 
Sons; 1908. p. 1 p.l., v -xx p

[29] Song D, Ibrahim S, Hayek S. Recent 
application of probiotics in food and 
agricultural science. In: Probiotics. 2012. 
DOI: 10.5772/50121. Available from: 
https://www.intechopen.com/

[30] Button JE, Dutton RJ. Cheese 
microbes. Current Biology. 
2012;22(15):R587-R589

[31] Gross M. On the origins 
of cheese. Current Biology. 
2018;28(20):R1171-R1173

[32] Kindstedt P. Cheese and Culture: 
A History of Cheese and Its Place in 
Western Civilization. White River 
Junction, Vermont: Chelsea Green Pub.; 
2012. p. x, 253 p

[33] Gavazzi-April C, Benoit S, Doyen A, 
Britten M, Pouliot Y. Preparation of milk 
protein concentrates by ultrafiltration 
and continuous diafiltration: 
Effect of process design on overall 
efficiency. Journal of Dairy Science. 
2018;101(11):9670-9679

[34] Ah J, Tagalpallewar GP. Functional 
properties of Mozzarella cheese 
for its end use application. Journal 
of Food Science and Technology. 
2017;54(12):3766-3778

[35] Guidone A, Braghieri A, Cioffi S, 
Claps S, Genovese F, Morone G, et al. 
Effect of adjuncts on microbiological 
and chemical properties of Scamorza 
cheese. Journal of Dairy Science. 
2015;98(3):1467-1478

[36] Siezen RJ, Kok J, Abee T,  
Schaafsma G. Lactic acid bacteria: 
Genetics, metabolism and 
applications—Proceedings of the 



Current Issues and Challenges in the Dairy Industry

8

Seventh Symposium on Lactic Acid 
Bacteria: Genetics, Metabolism and 
Applications; 1-5 September 2002; 
Egmond aan Zee, The Netherlands. 
Antonie Van Leeuwenhoek International 
Journal of General and Molecular. 
2002;82(1-4):1-1

[37] Fagan CC, Castillo M, Payne FA, 
O’Donnell CP, O’Callaghan DJ. Effect of 
cutting time, temperature, and calcium 
on curd moisture, whey fat losses, 
and curd yield by response surface 
methodology. Journal of Dairy Science. 
2007;90(10):4499-4512

[38] Ardö Y. Flavour and texture in 
low-fat cheese. In: Law BA, editor. 
Microbiology and Biochemistry of 
Cheese and Fermented Milk. Boston, 
MA: Springer; 1997

[39] Santiago-López L, Aguilar- 
Toalá JE, Hernández-Mendoza A, 
Vallejo-Cordoba B, Liceaga AM, 
González-Córdova AF. Invited review: 
Bioactive compounds produced 
during cheese ripening and health 
effects associated with aged cheese 
consumption. Journal of Dairy Science. 
2018;101(5):3742-3757

[40] Gyawali R, Ibrahim SA. Addition 
of pectin and whey protein concentrate 
minimises the generation of acid whey 
in Greek-style yogurt. Journal of Dairy 
Research. 2018;85(2):238-242

[41] Finaru AL, Gavrila L, Grosu L, 
Fernandez B, Grigoras CG, Patriciu OI, 
et al. Valorization of whey from dairy 
industry for agricultural use as fertiliser: 
Effects on plant germination and 
growth. Environmental Engineering 
and Management Journal. 
2012;11(12):2203-2210

[42] Kavaz D, Öztoprak H. 
Environmental awareness of university 
students on white cheese waste water. 
Eurasia Journal of Mathematics, 
Science and Technology Education. 
2017;13(12):8003-8015

[43] Gyawali R, Ibrahim SA. Effects of 
hydrocolloids and processing conditions 
on acid whey production with reference 
to Greek yogurt. Trends in Food Science 
and Technology. 2016;56:61-76

[44] Lindsay MJ, Walker TW, Dumesic JA, 
Rankin SA, Huber GW. Production of 
monosaccharides and whey protein 
from acid whey waste streams in the 
dairy industry. Green Chemistry. 
2018;20(8):1824-1834

[45] Kavaz D, Öztoprak H. Environ-
mental Awareness of University 
Students on Woodhead Publishing 
Series in Food Science, Technology and 
Nutrition. 2018:93-126

[46] Finnell KJ, John R. A social 
marketing approach to 1% milk use: 
Resonance is the key. Health Promotion 
Practice. 2017;19(3):437-444

[47] Zimmerman T, Ibrahim S. Choline 
kinase, a novel drug target for the 
inhibition of Streptococcus pneumoniae. 
Antibiotics (Basel). 2017;6(4):20. DOI: 
10.3390/antibiotics6040020

[48] Zimmerman T, Lacal Sanjuan JC, 
Ibrahim SA. Choline kinase emerges as a 
promising drug target in gram-positive 
bacteria. Frontiers in Microbiology. 
2019;6

[49] Zimmerman T, Gyawali R, 
Ibrahim S. Autolyse the cell in order 
to save it? Inducing, then blocking, 
autolysis as a strategy for delaying cell 
death in the probiotic Lactobacillus 
reuteri. Biotechnology Letters. 
2017;39:1547-1551

[50] Gyawali R, Nwamaioha N, 
Fiagbor R, Zimmerman T, Newman RH, 
Ibrahim SA. The Role of Prebiotics 
in Disease Prevention and Health 
Promotion. Dietary Interventions 
in Gastrointestinal Diseases: Foods, 
Nutrients, and Dietary Supplements. 
2019. pp. 151-167


