
ABSTRACT
Plant proteins are gaining popularity as an animal-free alternative 

for food and beverage formulations. Proteins from pea, wheat, corn, 
and rice are the most commonly used proteins derived from cereals 
and pulses. Consumers’ desire to incorporate more protein from plant 
foods in their diets is driven by increasing awareness and perceptions 
around health, animal welfare, and sustainability. Use of proteins from 
grains as functional ingredients in food and beverage formulations by 
industry stakeholders continues to trend upward. While grains repre-
sent an efficient source of plant protein ingredients, their incorporation 
into innovative and reformulated foods is often required at levels that 
will resonate with consumers or align with initiatives that meaning-
fully enhance the health and sustainability profile of a food product. 
Higher incorporation rates of cereal-based proteins in some platforms 
can be challenging because of unfamiliarity with and lack of informa-
tion on their functional and hedonic properties in some food matrices. 
However, several innovative strategies have been developed to mitigate 
off-flavors and enhance functionality, particularly when grain proteins 
are used to substitute for animal proteins in animal-free products. This 
review discusses novel technologies and methods that have been used 
to enhance the quality of foods that incorporate proteins from grains 
and expedite innovation across food platforms. Research in this space 
continues to elucidate the functionality of grain proteins for developing 
healthy and tasty protein-rich foods.

Introduction to Grain Proteins
Plant protein markets are expected to experience a com-

pounded annual growth rate of 8.1% from 2019 to 2025, with 
North America holding the largest share of the market (35). 
Interest in cereal and pulse proteins is largely driven by con-
sumers’ interest in health and well-being, as well as concerns 
over animal welfare and sustainability. From a population per-
spective, policy makers and non-governmental organizations 
(NGOs) have highlighted the need for increased reliance on 
plant proteins to sustain a growing population while preserving 
the environment and slowing climate change (3,61). As poten-
tial sources of plant proteins, grains hold the largest share of the 
plant protein market. Proteins derived from cereals (wheat, rice, 
and corn) and legumes (soy and pea) (35) continue to be popu-
lar ingredients for the development of high-quality, high-pro-
tein consumer-relevant foods (11,22,26). Nevertheless, incorpo-
ration of grains as a significant source of protein can present 
challenges during various stages of food development and can 
negatively affect the quality of food products, particularly when 
used as an alternative to animal proteins or in animal-free prod-
ucts (41,51).

This review highlights prominent challenges experienced 
when developing foods with high levels of protein from grains 
at various stages of food development. Technological advances 
and strategies that have been used to address hedonic and func-
tional issues often experienced when developing foods with 
grain proteins are also discussed.

Extraction of Grain Proteins
To use grain ingredients as sources of plant proteins, the pro-

teins from raw ingredients are often extracted to provide a more 
concentrated product. Wet-extraction and dry-fractionation are 
both employed for the isolation of proteins from cereals and 
pulses. Industrial extraction of grains to attain isolate levels of 
protein typically utilizes wet-extraction methods. As illustrated 
in Figure 1, wet-extraction starts with subjecting finely milled 
(and defatted, dehulled and/or debranned, depending on the 
grain) flour to alkaline or acidic conditions to solubilize pro-
teins (1). After centrifugation to remove insoluble material 
(e.g., starch and fiber), the solubilized proteins may be con-
centrated by isoelectric precipitation, washed, and centrifuged 
again to remove soluble material (e.g., sugars, soluble fibers, and 
fats). Proteins are then neutralized and dried to obtain protein 
isolates with high purity (90%) (38,54). However, the use of 
chemical solvents and thermal treatments in this process may 
affect protein functionality by altering the structure (24,64). In 
addition, this process requires high amounts of water and en-
ergy and generates high levels of waste products, which can 
negatively affect the environmental footprint of the ingredient 
and final food product (14,44). To overcome both functional 
and environmental drawbacks, several innovative pre- and 
postprocessing techniques have been developed (Table I).

Characteristics of Grain Proteins
Due to their high prevalence of consumption in the daily hu-

man diet cereals are valuable sources of proteins despite their 
low quality and digestibility. Gluten, zein, and rice proteins are 
the most commonly used proteins in food and beverage formu-
lations because of their techno-functional properties. Gluten 
has a high concentration of sulfur-containing amino acids and 
plays an important role in the water absorption capacity, cohe-
siveness, viscosity, and elasticity of doughs (37). However, for 
consumers who are genetically predisposed, gluten is related to 
a wide spectrum of diseases, such as celiac disease and gluten 
sensitivity (49). Rice proteins contain all of the essential amino 
acids, with high amounts of cysteine and methionine, although 
their native forms have low solubility and emulsifying proper-
ties (18). Rice proteins are hypoallergenic and rich in bioactive 
peptides (5). Zein is a storage protein derived from corn, and 
although it is rich in sulfur-containing amino acids, it lacks suf-
ficient amounts of tryptophan and lysine (16). Zein has low wa-
ter solubility and high capacities in emulsion and foam stability 
and film forming (9,13,56).

Soy protein is the most marketed plant protein isolate and pro- 
vides a relatively well-balanced amino acid composition along 
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Fig. 1. Wet-extraction of grain protein (38,54).



with bioactive peptides (20). Soy proteins provide high gel-for-
mation capabilities, as well as emulsifying, solvent holding, and 
film-forming capacities (6,29). Pea protein use is on the rise as a 
less allergenic alternative to soy protein, offering good emulsifi-
cation and foaming properties (53). Other grain proteins are 
also gaining traction, including sweet lupin and fava proteins. 
Sweet lupin is a low-cost source of proteins with a protein con-
tent similar to that of soy, and its derived bioactive peptides are 
associated with several health-related benefits (e.g., hyperglyce-
mia, hypertension, and cholesterol lowering) (7,8,27,33,39,48). 
Studies have been carried out to enhance lupin protein func-
tionality (e.g., solubility, emulsification, and foaming activity) 
through the application of proteolytic enzymes in order to match 
that of soy (50). Fava is another sustainable and low-cost source 
of protein that is particularly rich in lysine and threonine and 
has high protein digestibility (42).

Enriching Foods with Grain Proteins: Opportunities 
and Challenges

In meat-analogue applications, soy and gluten play crucial 
roles in creating a fibrous structure due to their binding and 
film-forming capacities (51). Pea protein is increasingly being 
used as a substitute for soy protein due to consumer concerns 
about perceived issues, including genetic modification of crops 
and the presence of estrogen-like compounds. However, use of 
pea protein may result in a weaker structure, thereby requiring 
the addition of other ingredients (e.g., gluten) to reinforce and 
stabilize the fibrous structure of meat analogues (51).

The addition of grain proteins can increase total protein and 
amino acid contents in beverages (4). In infant formula, the 
partial substitution of whey protein with 50% grains proteins 
resulted in a beverage with protein digestibility similar to milk 
(42). However, the quality of the final product was closely as-
sociated with process parameters. Alternative dairy-free bever-
ages enriched with soy and pea proteins are characterized by a 
distinct grassy or beany flavor (52,57). Additional studies will 
be useful for further product development to optimize process-
ing to ensure quality and stability during storage based on the 
specific grain protein selected.

In bread, vital wheat gluten is commonly added to weak 
wheat flour (i.e., low-protein flour) to improve the strength of 
the protein network in the dough and, thereby, enhance the 
properties of the bread, including yield, volume, texture, color, 
and sensory properties (10). The incorporation of nongluten 
proteins at up to 10% has been found to improve both the pro-
tein quantity and quality of bread; however, incorporation at 

more than 15% weakened the gluten network of doughs and 
hindered bread quality (21,65). In gluten-free breads, the addi-
tion of protein at up to 2% enhanced dough rheological prop-
erties and bread quality (i.e., specific volume, sensory quality, 
nutritional quality, and digestibility) (34,45). However, protein 
additions at more than 10% resulted in breads with darker color, 
lower volume, and greater hardness than the control (46).

Gluten-free pasta enriched with grain proteins (up to 10%) 
had enhanced structure, texture, cooking quality, and sensory 
properties and reduced the digestibility of the final product 
(15,28,30,40,42). However, at more than 12% zein resulted in 
excessive water absorption and firmness (25).

Cookies made by substituting up to 30% wheat flour with 
grain proteins resulted in increased water absorption and 
spread, whereas up to 15% did not hinder texture and overall 
acceptability (55). Likewise, gluten-free biscuits formulated by 
substituting rice flour with soy or pea protein at levels up to 
20% were well accepted by consumers; however, higher levels 
hampered the quality of biscuits (dark color and hard texture) 
and, thereby, lowered the overall acceptability of the enriched 
products (2,32).

Conclusions
The information provided in this article is a brief summary 

of the recently published research focused on formulating with 
grain proteins. Although plant proteins are becoming a desir-
able choice for consumers and food manufacturers, there are 
still challenges that arise when using these ingredients. Con-
sumer interest in plant-based proteins and products is driving 
the development of novel solutions to enable the use of these 
higher protein ingredients. Breakthroughs in understanding 
off-flavor mechanisms and new manufacturing techniques will 
breed the next generation of ingredients to improve on current 
plant-based replacements for animal proteins. These improve-
ments can lead the way in furthering consumer acceptance, 
leading to higher demand for additional plant-based products.

References
1.	 Adenekan, M. K., Fadimu, G. J., Odunmbaku, L. A., and Oke, E. K. 

Effect of isolation techniques on the characteristics of pigeon pea 
(Cajanus Cajan) protein isolates. Food Sci. Nutr. 6:146, 2018.

2.	 Adeyeye, S. A. O., Adebayo-Oyetoro, A. O., and Omoniyi, S. A. 
Quality and sensory properties of maize flour cookies enriched 
with soy protein isolate. Food Sci. Technol. DOI: https://doi.org/10.
1080/23311932.2017.1278827. 2017.

3.	 Akaichi, F., Glenk, K., and Revoredo-Giha, C. Could animal wel-
fare claims and nutritional information boost the demand for or-

CEREAL FOODS WORLD, NOVEMBER-DECEMBER 2020, VOL. 65, NO. 6 / DOI: https://doi.org/10.1094/CFW-65-6-0062



ganic meat? Evidence from non-hypothetical experimental auc-
tions. J. Cleaner Prod. 207:961, 2019.

4.	 Akin, Z., and Ozcan, T. Functional properties of fermented milk 
produced with plant proteins. LWT Food Sci. Technol. 86:25, 2017.

5.	 Amagliani, L., O’Regan, J., Schmitt, C., Kelly, A. L., and O’Mahony, 
J. A. Characterisation of the physicochemical properties of intact 
and hydrolysed rice protein ingredients. J. Cereal Sci. 88:16, 2019.

6.	 Barac, M. B., Pesic, M. B., Stanojevic, S. P., Kostic, A. Z., and 
Bivolarevic, V. Comparative study of the functional properties of 
three legume seed isolates: Adzuki, pea and soy bean. J. Food Sci. 
Technol. 52:2779, 2015.

7.	 Belski, R., Mori, T. A., Puddey, I. B., Sipsas, S., Woodman, R. J., et 
al. Effects of lupin-enriched foods on body composition and car-
diovascular disease risk factors: A 12-month randomized con-
trolled weight loss trial. Int. J. Obes. 35:810, 2011.

8.	 Bertoglio, J. C., Calvo, M. A., Hancke, J. L., Burgos, R. A., Riva, A., 
Morazzoni, P., Ponzone, C., Magni, C., and Duranti, M. Hypogly-
cemic effect of lupin seed g-conglutin in experimental animals and 
healthy human subjects. Fitoterapia 82:933, 2011.

9.	 Boostani, S., Hosseini, S. M. H., Yousefi, G., Riazi, M., Tamaddon, 
A. M., and Van der Meeren, P. The stability of triphasic oil-in-water 
pickering emulsions can be improved by physical modification of 
hordein- and secalin-based submicron particles. Food Hydrocoll. 
89:649, 2019.

10.	 Boukid, F., Carini, E., Curti, E., Bardini, G., Pizzigalli, E., and 
Vittadini, E. Effectiveness of vital gluten and transglutaminase in 
the improvement of physico-chemical properties of fresh bread. 
LWT Food Sci. Technol. 92:465, 2018.

11.	 Burger, T. G., and Zhang, Y. Recent progress in the utilization of 
pea protein as an emulsifier for food applications. Trends Food Sci. 
Technol. 86:25, 2019.

12.	 Çabuk, B., Nosworthy, M. G., Stone, A. K., Korber, D. R., Tanaka, 
T., House, J. D., and Nickerson, M. T. Effect of fermentation on the 
protein digestibility and levels of non-nutritive compounds of pea 
protein concentrate. Food Technol. Biotechnol. 56:257, 2018.

13.	 Cao, Z., Liu, Z., Zhang, H., Wang, J., and Ren, S. Protein particles 
ameliorate the mechanical properties of highly polyunsaturated 
oil-based whipped cream: A possible mode of action. Food Hydro-
coll. DOI: https://doi.org/10.1016/j.foodhyd.2019.105350. 2020.

14.	 Chéreau, D., Videcoq, P., Ruffieux, C., Pichon, L., Motte, J. C., 
Belaid, S., Ventureira, J., and Lopez, M. Combination of existing 
and alternative technologies to promote oilseeds and pulses pro-
teins in food applications. Oilseeds Fats Crops Lipids. DOI: https://
doi.org/10.1051/ocl/2016020. 2016.

15.	 Detchewa, P., Thongngam, M., Jane, J. L., and Naivikul, O. Prepara-
tion of gluten-free rice spaghetti with soy protein isolate using 
twin-screw extrusion. J. Food Sci. Technol. 53:3485, 2016.

16.	 Dhillon, G. S., Kaur, S., Oberoi, H. S., Spier, M. R., and Brar, S. K. 
Agricultural-based protein by-products: Characterization and ap-
plications. Page 21 in: Protein By-products: Transformation from 
Environmental Burden into Value-Added Products. Elsevier Inc., 
Amsterdam, Netherlands, 2016.

17.	 Golly, M. K., Ma, H., Yuqing, D., Dandan, L., Quaisie, J., Tuli, J. A., 
Mintah, B. K., Dzah, C. S., and Agordoh, P. D. Effect of multi-fre-
quency countercurrent ultrasound treatment on extraction optimi-
zation, functional and structural properties of protein isolates from 
walnut (Juglans Regia L.) meal. J. Food Biochem. DOI: https://doi.
org/10.1111/jfbc.13210. 2020.

18.	 Gomes, M. H. G., and Kurozawa, L. E. Improvement of the func-
tional and antioxidant properties of rice protein by enzymatic hy-
drolysis for the microencapsulation of linseed oil. J. Food Eng. 
DOI: https://doi.org/10.1016/j.jfoodeng.2019.109761. 2020.

19.	 Görgüç, A., Özer, P., and Yılmaz, F. M. Microwave‐assisted enzy-
matic extraction of plant protein with antioxidant compounds 
from the food waste sesame bran: Comparative optimization 
study and identification of metabolomics using LC/Q‐TOF/MS. 
J. Food Process. Preserv. DOI: https://doi.org/10.1111/jfpp.14304. 
2020.

20.	 Gorissen, S. H. M., Crombag, J. J. R., Senden, J. M. G., Waterval, W. 
A. H., Bierau, J., Verdijk, L. B., and van Loon, L. J. C. Protein con-
tent and amino acid composition of commercially available plant-
based protein isolates. Amino Acids 50:1685, 2018.

21.	 Hoehnel, A., Axel, C., Bez, J., Arendt, E. K., and Zannini, E. Com-
parative analysis of plant-based high-protein ingredients and their 
impact on quality of high-protein bread. J. Cereal Sci. DOI: https://
doi.org/10.1016/j.jcs.2019.102816. 2019.

22.	 Hu, H., Cheung, I. W. Y., Pan, S., and Li-Chan, E. C. Y. Effect of 
high intensity ultrasound on physicochemical and functional 
properties of aggregated soybean b-conglycinin and glycinin. 
Food Hydrocoll. 45:102, 2015.

23.	 Huang, L., Jia, S., Zhang, W., Ma, L., and Ding, X. Aggregation and 
emulsifying properties of soybean protein isolate pretreated by 
combination of dual-frequency ultrasound and ionic liquids. J. 
Mol. Liq. DOI: https://doi.org/10.1016/j.molliq.2019.112394. 2020.

24.	 Jafari, M., Rajabzadeh, A. R., Tabtabaei, S., Marsolais, F., and Legge, 
R. L. Physicochemical characterization of a navy bean (Phaseolus 
Vulgaris) protein fraction produced using a solvent-free method. 
Food Chem. 208:35, 2016.

25.	 Jeong, S., Kim, M., Yoon, M. R., and Lee, S. Preparation and char-
acterization of gluten-free sheeted doughs and noodles with zein 
and rice flour containing different amylose contents. J. Cereal Sci. 
75:138, 2017.

26.	 Lammi, C., Zanoni, C., and Arnoldi, A. IAVPGEVA, IAVPTGVA, 
and LPYP, three peptides from soy glycinin, modulate cholesterol 
metabolism in HepG2 cells through the activation of the LDLR-
SREBP2 pathway. J. Funct. Foods 14:469, 2015.

27.	 Lammi, C., Zanoni, C., Arnoldi, A., and Vistoli, G. Peptides derived 
from soy and lupin protein as dipeptidyl-peptidase IV inhibitors: 
In vitro biochemical screening and in silico molecular modeling 
study. J. Agric. Food Chem. 64:9601, 2016.

28.	 Larrosa, V., Lorenzo, G., Zaritzky, N., and Califano, A. Improve-
ment of the texture and quality of cooked gluten-free pasta. LWT 
Food Sci. Technol. 70:96, 2016.

29.	 Li, D., Li, X., Wu, G., Li, P., Zhang, H., Qi, X., Wang, L., and Qian, 
H. The characterization and stability of the soy protein isolate/1-
octacosanol nanocomplex. Food Chem. DOI: https://doi.
org/10.1016/j.foodchem.2019.05.041. 2019.

30.	 Linares-García, L., Repo-Carrasco-Valencia, R., Paulet, P. G., and 
Schoenlechner, R. Development of gluten-free and egg-free pasta 
based on quinoa (Chenopodium quinoa Willd) with addition of 
lupine flour, vegetable proteins and the oxidizing enzyme POx. 
Eur. Food Res. Technol. 245:2147, 2019.

31.	 Ma, X., Hou, F., Zhao, H., Wang, D., Chen, W., Miao, S., and Liu, D. 
Conjugation of soy protein isolate (SPI) with pectin by ultrasound 
treatment. Food Hydrocoll. DOI: https://doi.org/10.1016/j.foodhyd. 
2020.106056. 2020.

32.	 Mancebo, C. M., Rodriguez, P., and Gómez, M. Assessing rice 
flour-starch-protein mixtures to produce gluten free sugar-snap 
cookies. LWT Food Sci. Technol. 67:127, 2016.

33.	 Marchesi, M., Parolini, C., Diani, E., Rigamonti, E., Cornelli, L., 
Arnoldi, A., Sirtori, C. R., and Chiesa, G. Hypolipidaemic and anti-
atherosclerotic effects of lupin proteins in a rabbit model. Br. J. 
Nutr. 100:707, 2008.

34.	 Masure, H. G., Wouters, A. G. B., Fierens, E., and Delcour, J. A. 
Impact of egg white and soy proteins on structure formation and 
crumb firming in gluten-free breads. Food Hydrocoll. 95:406, 
2019.

35.	 Meticulous Research. Plant based protein market worth $14.32 
billion by 2025—Exclusive report by Meticulous Research. Avail-
able online at www.globenewswire.com/news-release/2019/08/20/ 
1904339/0/en/Plant-Based-Protein-Market-worth-14-32-billion-
by-2025-Exclusive-Report-by-Meticulous-Research.html. Meticu-
lousResearch.com. 2019.

36.	 Mondor, M., Ippersiel, D., Lamarche, F., and Boye, J. I. Production 
of soy protein concentrates using a combination of electroacidifica-
tion and ultrafiltration. J. Agric. Food Chem. 52:6991, 2004.

CEREAL FOODS WORLD, NOVEMBER-DECEMBER 2020, VOL. 65, NO. 6 / DOI: https://doi.org/10.1094/CFW-65-6-0062



37.	 Ortolan, F., Corrêa, G. P., Lopes da Cunha, R., and Steel, C. J. Rhe-
ological properties of vital wheat glutens with water or sodium 
chloride. LWT Food Sci. Technol. 79:647, 2017.

38.	 Papalamprou, E. M., Doxastakis, G. I., and Kiosseoglou, V. Chick-
pea protein isolates obtained by wet extraction as emulsifying 
agents. J. Science Food Agric. 90:304, 2010.

39.	 Parolini, C., Rigamonti, E., Marchesi, M., Busnelli, M., Cinquanta, 
P., Manzini, S., Sirtori, C. R., and Chiesa, G. Cholesterol-lowering 
effect of dietary Lupinus angustifolius proteins in adult rats through 
regulation of genes involved in cholesterol homeostasis. Food 
Chem. 132:1475, 2012.

40.	 Phongthai, S., D’Amico, S., Schoenlechner, R., Homthawornchoo, 
W., and Rawdkuen, S. Effects of protein enrichment on the proper-
ties of rice flour based gluten-free pasta. LWT Food Sci. Technol. 
80:378, 2017.

41.	 Pietsch, V. L., Bühler, J. M., Karbstein, H. P., and Emin, M. A. High 
moisture extrusion of soy protein concentrate: Influence of ther-
momechanical treatment on protein-protein interactions and rheo-
logical properties. J. Food Eng. 251:11, 2019.

42.	 Rachman, A., Brennan, M. A., Morton, J., and Brennan, C. S. Effect 
of egg white protein and soy protein fortification on physicochemi-
cal characteristics of banana pasta. J. Food Process. Preserv. DOI: 
https://doi.org/10.1111/jfpp.14081. 2019.

43.	 Le Roux, L., Mejean, S., Chacon, R., Lopez, C., Dupont, D., Deglaire, 
A., Nau, F., and Jeantet, R. Plant proteins partially replacing dairy 
proteins greatly influence infant formula functionalities. LWT. 
DOI: https://doi.org/10.1016/j.lwt.2019.108891. 2020.

44.	 Ruiz, G. A., Xiao, W., Van Boekel, M., Minor, M., and Stieger, M. 
Effect of extraction pH on heat-induced aggregation, gelation and 
microstructure of protein isolate from quinoa (Chenopodium qui-
noa Willd). Food Chem. 209:203, 2016.

45.	 Sahagún, M., Benavent-Gil, Y., Rosell, C. M., and Gómez, M. Mod-
ulation of in vitro digestibility and physical characteristics of pro-
tein enriched gluten free breads by defining hydration. LWT. DOI: 
https://doi.org/10.1016/j.lwt.2019.108642. 2020.

46.	 Sahagún, M., and Gómez, M. Assessing influence of protein source 
on characteristics of gluten-free breads optimising their hydration 
level. Food Bioprocess Technol. 11:1686, 2018.

47.	 Khorshidi, A. S., Ames, N., Cuthbert, R., Sopiwnyk, E., and Than-
dapilly, S. J. Application of low-intensity ultrasound as a rapid, 
cost-effective tool to wheat screening: Discrimination of Canadian 
varieties at 10 MHz. J. Cereal Sci. 88:9, 2019.

48.	 Sandoval-Muñíz, R. J., Vargas-Guerrero, B., Guzmán, T. J., García-
López, P. M., Martínez-Ayala, A. L., Domínguez-Rosales, J. A., and 
Gurrola-Díaz, C. M. Lupin gamma conglutin protein: Effect on 
Slc2a2, Gck and Pdx-1 gene expression and GLUT2 levels in dia-
betic rats. Braz. J. Pharmacognosy 28:716, 2018.

49.	 Sapone, A., Bai, J. C., Ciacci, C., Dolinsek, J., Green, P. H. R., et al. 
Spectrum of gluten-related disorders: Consensus on new nomen-
clature and classification. BMC Med. DOI: https://doi.org/10.1186/ 
1741-7015-10-13. 2012.

50.	 Schlegel, K., Sontheimer, K., Hickisch, A., Wani, A. A., Eisner, P., 
and Schweiggert‐Weisz, U. Enzymatic hydrolysis of lupin protein 
isolates—Changes in the molecular weight distribution, techno-
functional characteristics, and sensory attributes. Food Sci. Nutr. 
DOI: https://doi.org/10.1002/fsn3.1139. 2019.

51.	 Schreuders, F. K. G., Dekkers, B. L., Bodnár, I., Erni, P., Boom, R. 
M., and van der Goot, A. J. Comparing structuring potential of pea 
and soy protein with gluten for meat analogue preparation. J. Food 
Eng. 261:32, 2019.

52.	 Sethi, S., Tyagi, S. K., and Anurag, R. K. Plant-based milk alterna-
tives an emerging segment of functional beverages: A review. J. 
Food Sci. Technol. DOI: https://doi.org/10.1007/s13197-016-2328-
3. 2016.

53.	 Silva, J. V. C., Jacquette, B., Amagliani, L., Schmitt, C., Nicolai, T., 
and Chassenieux, C. Heat-induced gelation of micellar casein/plant 

protein oil-in-water emulsions. Colloids Surf. A: Physicochem. 
Eng. Aspects 569:85, 2019.

54.	 Taherian, A. R., Mondor, M., Labranche, J., Drolet, H., Ippersiel, 
D., and Lamarche, F. Comparative study of functional properties of 
commercial and membrane processed yellow pea protein isolates. 
Food Res. Int. 44:2505, 2011.

55.	 Tang, X., and Liu, J. A comparative study of partial replacement of 
wheat flour with whey and soy protein on rheological properties 
of dough and cookie quality. J. Food Qual. DOI: https://doi.org/ 
10.1155/2017/2618020. 2017.

56.	 Teklehaimanot, W. H., and Emmambux, M. N. Foaming properties 
of total zein, total kafirin and pre-gelatinized maize starch blends 
at alkaline pH. Food Hydrocoll. DOI: https://doi.org/10.1016/j.
foodhyd.2019.105221. 2019.

57.	 Trikusuma, M., Paravisini, L., and Peterson, D. G. Identification of 
aroma compounds in pea protein UHT beverages. Food Chem. 
DOI: https://doi.org/10.1016/j.foodchem.2019.126082. 2020.

58.	 Vatansever, S., and Hall, C. Flavor modification of yellow pea flour 
using supercritical carbon dioxide + ethanol extraction and re-
sponse surface methodology. J. Supercrit. Fluids DOI: https://doi.
org/10.1016/j.supflu.2019.104659. 2020.

59.	 Wang, K., and Arntfield, S. D. Effect of salts and pH on selected 
ketone flavours binding to salt-extracted pea proteins: The role of 
non-covalent forces. Food Res. Int. 77:1, 2015.

60.	 Wang, K., and Arntfield. S. D. Probing the molecular forces in-
volved in binding of selected volatile flavour compounds to salt-
extracted pea proteins. Food Chem. 211:235, 2016.

61.	 van der Weele, C., Feindt, P., van der Goot, A. J., van Mierlo, B., 
and van Boekel, M. Meat alternatives: An integrative comparison. 
Trends Food Sci. Technol. DOI: https://doi.org/10.1016/j.tifs.2019. 
04.018. 2019.

62.	 Yang, X., Li, Y., Li, S., Oladejo, A. O., Wang, Y., et al. Effects of 
multi-frequency ultrasound pretreatment under low power density 
on the enzymolysis and the structure characterization of defatted 
wheat germ protein. Ultrason. Sonochem. 38:410, 2017.

63.	 Yousseef, M., Lafarge, C., Valentin, D., Lubbers, S., and Husson, F. 
Fermentation of cow milk and/or pea milk mixtures by different 
starter cultures: Physico-chemical and sensorial properties. LWT 
Food Sci. Technol. 69:430, 2016.

64.	 Zhao, X., Zhang, X., Liu, H., Zhang, G., and Ao, Q. Functional, 
nutritional and flavor characteristic of soybean proteins obtained 
through reverse micelles. Food Hydrocoll. 74:358, 2018.

65.	 Zhou, J., Liu, J., and Tang, X. Effects of whey and soy protein addi-
tion on bread rheological property of wheat flour. J. Texture Stud. 
49:38, 2018.

CEREAL FOODS WORLD, NOVEMBER-DECEMBER 2020, VOL. 65, NO. 6 / DOI: https://doi.org/10.1094/CFW-65-6-0062

Fatma Boukid is a project manager at the Institute of Agrifood Re-
search and Technology IRTA-Monells. Her search activity is mainly 
focused on plant proteins derived from conventional (cereals and 
pulses) and innovative (microalgae) sources. She has also worked on 
wheat allergy, tailored bakery product design, and food digestibility. 
She is currently working on protein alternatives, mainly microalgae, 
under the umbrella of the European project “ProFuture” (Microalgae 
Protein-Rich Ingredients for the Food and Feed of the Future_H2020 
Ref. 862980).

Sara Rosene is an associate principal scientist at General Mills, Inc. 
(GMI). She has spent her career focused on protein and is currently 
supporting all six product platforms within GMI for protein function-
al and fortification challenges and accelerating protein technologies. 
Prior to GMI, Sara focused on dairy protein ingredient development 
and applications.


