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Abstract: By 2050, the world population is estimated to reach 9.6 billion, and this growth continues to
require more food, particularly proteins. Moreover, the Westernisation of society has led to consumer
demand for protein products that taste good and are convenient to consume, but additionally have
nutritional and health maintenance and well-being benefits. Proteins provide energy, but additionally
have a wide range of functions from enzymatic activities in the body to bioactivities including those
associated with heart health, diabetes-type 2-prevention and mental health maintenance; stress relief
as well as a plethora of other health beneficial attributes. Furthermore, proteins play an important
role in food manufacture and often provide the binding, water- or oil-holding, emulsifying, foaming
or other functional attributes required to ensure optimum sensory and taste benefits for the consumer.
The purpose of this issue is to highlight current and new protein sources and their associated
functional, nutritional and health benefits as well as best practices for quantifying proteins and
bioactive peptides in both a laboratory and industry setting. The bioaccessibility, bioavailability and
bioactivities of proteins from dairy, cereal and novel sources including seaweeds and insect protein
and how they are measured and the relevance of protein quality measurement methods including the
Protein Digestibility Amino Acid Score (PDCAAS) and Digestible Indispensable Amino Acid Score
(DIAAS) are highlighted. In addition, predicted future protein consumption trends and new markets
for protein and peptide products are discussed.
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The increasing global population and the need for reduction of or alternatives to animal protein
consumption are two factors currently driving the development of new and alternative protein research
and product development along with increased consumer awareness of the need to reduce carbon
emissions. In addition, it has been identified that plant-based proteins from the likes of lentils, fava
beans, peas and dry beans and soy are beneficial for health including the cardiovascular system,
in glycaemic control, for the provision of minerals, vitamins, and fibre.

In this edition, Maehre and colleagues review the best method for use in the determination of
protein quantities and qualities in food products and ingredients and conclude that the amino acid
analysis method is the only one currently available where interference doesn’t occur from some other
substance, such as carbohydrates, lectins and anti-nutritional factors [1]. Inaccuracies were linked to
indirect measurements, i.e., nitrogen determination and subsequent conversion to protein. In addition,
novel protein processing methods were reviewed and implemented on soy protein. Vagadia and
colleagues looked at conventional and microwave treatment methods for the inactivation of Trypsin
inhibitors in order to improve in vitro digestibility of this plant protein source. Both microwave and
conventional treatments were found to increase the digestibility of soymilk by 7 and 11%, respectively,
and also reduced Trypsin inhibitor activities by 1 and 3%, respectively. This finding is important
as, if implemented commercially it could increase the nutritional quality of soymilk by removal of
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anti-nutritional factors thereby improving the nutritional health of consumer groups including vegans
and vegetarians as well as those that choose soymilk instead of traditional cow’s milk due to lactose
intolerance [2].

The generation of protein hydrolysates and ingredients is a strategy used by industry to improve
the solubility of proteins. In addition to this functional benefit, hydrolysis is a strategy that may be
employed to generate health benefits to protein ingredients as it results in the creation of bioactive
peptides that often have hormone-like beneficial health effects once consumed. Bioactive peptides
can be generated from any protein source using hydrolysis with commercially available enzymes
or fermentation with proteolytic lactic acid bacteria (LAB). Importantly, they are inactive within
the parent protein sequence and must be released before becoming active. In addition, they must
survive the conditions within the gastrointestinal tract and reach their targets intact and in sufficient
concentrations to provide an in vivo, beneficial health effect [3,4]. Daliri et al. [5] provide a detailed
overview of the potential health benefits of bioactive peptides as well as a number of the challenges
that exist concerning their development. Albenzio reviewed the use of bioactive peptides in animal
food products [6]. Bleakley and colleagues look at the potential health benefits of cereal proteins using
a novel strategy of combining an in silico computer-based screening approach with traditional protein
extraction using salting out buffers followed by hydrolysis and peptide characterisation and synthesis
for the generation and identification of potential application of bioactive peptides, specifically those
related to the Renin-Angiotensin-Aldosterone System (RAAS) [7]. Nine Angiotensin-I-converting
enzyme (ACE-I) inhibitory peptides with the sequences FFG, FFFL, PFL, WWK, WCY, FPIL, CPA,
FLLA, FEPL and were found to inhibit ACE-I by 96.5% compared to the positive and commercially
available drug Captopril® when assayed in vitro at a concentration of 1 mg protein/mL. In addition to
this paper, Feeney and colleagues looked at the potential health benefits of glycosylated food proteins,
specifically Glycomacropeptide (GMP), which is the terminal end kappa casein and is released from
whey during the manufacture of cheese [8]. Using cell assays with HT-29 and Caco-2 cells, they
assessed the ability of GMP to prevent adhesion of pathogenic Escherichia coli to the cell epithelium and
concluded that GMP could be used as a gut health ingredient to protect the gut lining from damage [8].
In addition, Vijayakumar and Muriana discuss the potential use of the bioactive peptides produced
from bacteria known as bacteriocins as a food protection agent [9]. Bacteriocins may be defined as
ribosomal synthesized antimicrobial peptides produced by bacteria, which can kill or inhibit bacterial
strains closely-related or non-related to produced bacteria, but will not harm the bacteria themselves
by specific immunity proteins [10].

Novel proteins from seaweeds and macroalgae are reviewed by Bleakley and colleagues [11]
and this review includes extraction and characterisation methods for these novel proteins including
filtration and mass spectrometry methods. It also details the challenges faced in the development
of this new protein resource including access, processing, characterisation, formulation and market
challenges including legislation and consumer challenges such as sensory and taste. Total utilisation
of by-products or co-products from food processing is important, not just in terms of the bio-economy,
but it can also reduce environmental and economic costs for the processors while at the same time
developing new products and markets [12]. In this special issue, Ofori and Hsieh examined the use
of a monoclonal antibody to detect an antigenic protein in the red blood cells of porcine blood [13].
This development has potential for use by industry to protect consumers from eating porcine blood in
food products and could be used for the vegan, vegetarian, Halal and Kosher product development
markets. Finally, the review by Henchion and colleagues details potential future protein markets and
consumption trends and provides an overview of the positive and negative attributes associated with
meat, vegetable, marine and novel protein sources including insect, algal and others [14].

Conflicts of Interest: The author declares no conflict of interest.



Foods 2018, 7, 38 3 of 3

References

1. Maehre, H.K.; Dalheim, L.; Edvinsen, G.K.; Elvevoll, E.O.; Jensen, I.-J. Protein determination—Methods
matter. Foods 2017, 7, 5. [CrossRef] [PubMed]

2. Vagadia, B.H.; Vanga, S.K.; Singh, A.; Gariepy, Y.; Raghavan, V. Comparison of conventional and microwave
treatment on soymilk for inactivation of Trypsin inhibitors and in vitro protein digestibility. Foods 2018, 7, 6.
[CrossRef] [PubMed]

3. Hayes, M.; Stanton, C.; Fitzgerald, G.F.; Ross, R.P. Putting microbes to work: Dairy fermentation, cell factories
and bioactive peptides: Part II: Bioactive peptide functions. Biotechnol. J. 2007, 2, 435–449. [CrossRef]
[PubMed]

4. Pihlanto, A.; Mäkinen, S. Chapter 13: The function of Renin and the role of food-derived peptides as direct
renin inhibitors. In Renin-Angiotensin System—Past, Present and Future; InTech: Rijeka, Croatia, 2017.

5. Daliri, E.B.-M.; Oh, D.H.; Lee, B.H. Bioactive peptides. Foods 2017, 6, 32. [CrossRef] [PubMed]
6. Albenzio, M.; Santillo, A.; Caroprese, M.; Malva, A.; Marino, R. Bioactive peptides in animal food products.

Foods 2017, 6, 35. [CrossRef] [PubMed]
7. Bleakley, S.; Hayes, M.; O’Shea, N.; Gallagher, E.; Lafarga, T. Predicted release and analysis of novel ACE-I,

Renin and DPP-IV inhibitory peptides from common oat (Avena sativa) protein hydrolysates using in silico
analysis. Foods 2017, 6, 108. [CrossRef] [PubMed]

8. Feeney, S.; Ryan, J.T.; Kilcoyne, M.; Joshi, L.; Hickey, R. Glycomacropeptide reduces intestinal epithelial
cell barrier dysfunction and adhesion of Entero-hemorrhagic and entero-pathogenic Escherichia coli in vitro.
Foods 2017, 6, 93. [CrossRef] [PubMed]

9. Vijayakumar, P.P.; Muriana, P.M. Inhibition of Listeria monocytogenes on ready to eat meats using Bacteriocin
mixtures based on mode of action. Foods 2017, 6, 22. [CrossRef] [PubMed]

10. Yang, S.-C.; Lin, C.-H.; Sung, C.T.; Fang, J.-Y. Antibacterial activities of bacteriocins: Application in foods
and pharmaceuticals. Front. Microbiol. 2014, 5, 241. [CrossRef] [PubMed]

11. Bleakley, S.; Hayes, M. Algal proteins: Extraction, application and challenges concerning production. Foods
2017, 6, 33. [CrossRef] [PubMed]

12. Lafarga, T.; Hayes, M. Bioactive peptides from meat muscle and by-products: Generation, functionality and
application as functional ingredients. Meat Sci. 2014, 98, 227–239. [CrossRef] [PubMed]

13. Ofori, J.A.; Hsieh, Y.-H.P. Immunodetection of porcine red blood cell containing food ingredients using a
porcine hemoglobin-specific monoclonal antibody. Foods 2017, 6, 101. [CrossRef] [PubMed]

14. Henchion, M.; Hayes, M.; Mullen, A.M.; Fenelon, M.; Tiwari, B. Future protein supply and demand:
Strategies and factors influencing a sustainable equilibrium. Foods 2017, 6, 53. [CrossRef] [PubMed]

© 2018 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/foods7010005
http://www.ncbi.nlm.nih.gov/pubmed/29301260
http://dx.doi.org/10.3390/foods7010006
http://www.ncbi.nlm.nih.gov/pubmed/29316679
http://dx.doi.org/10.1002/biot.200700045
http://www.ncbi.nlm.nih.gov/pubmed/17407211
http://dx.doi.org/10.3390/foods6050032
http://www.ncbi.nlm.nih.gov/pubmed/28445415
http://dx.doi.org/10.3390/foods6050035
http://www.ncbi.nlm.nih.gov/pubmed/28486398
http://dx.doi.org/10.3390/foods6120108
http://www.ncbi.nlm.nih.gov/pubmed/29207547
http://dx.doi.org/10.3390/foods6110093
http://www.ncbi.nlm.nih.gov/pubmed/29077065
http://dx.doi.org/10.3390/foods6030022
http://www.ncbi.nlm.nih.gov/pubmed/28335414
http://dx.doi.org/10.3389/fmicb.2014.00241
http://www.ncbi.nlm.nih.gov/pubmed/24904554
http://dx.doi.org/10.3390/foods6050033
http://www.ncbi.nlm.nih.gov/pubmed/28445408
http://dx.doi.org/10.1016/j.meatsci.2014.05.036
http://www.ncbi.nlm.nih.gov/pubmed/24971811
http://dx.doi.org/10.3390/foods6110101
http://www.ncbi.nlm.nih.gov/pubmed/29156611
http://dx.doi.org/10.3390/foods6070053
http://www.ncbi.nlm.nih.gov/pubmed/28726744
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

