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Abstract:

Grain proteins are gaining popularity as an animal-free alternative for food and beverages formulations.
Soy protein, gluten, zein and rice protein are the most used proteins deriving from cereals and pulses.
The shift from animal protein to plant proteins is driven by the increasing awareness about the health
benefits of these alternative proteins and concerns over animal welfare and sustainability. As a result,
grain proteins are trending upward as functional ingredients in food and beverage formulations. Some
challenges are mainly related to the beany flavor or lower functionality compared to animal proteins.
Several innovative strategies are developed to mitigate off-flavors and enhance functionality particularly
when grain proteins are used to substitute animal proteins in animal-free products: Food developers
modulate formulations and processing conditions to increase grain protein content to enhance nutritional
quality without hampering finished product quality More research is required to fully elucidate the
functionality of grain proteins and to select protein source and quantity for developing healthy and tasty

protein rich foods.
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1. Introduction

Plant protein markets are witnessing a fast growth and are projected to keep growing at a compounded
annual growth rate of 8.1% from 2019 to 2025, with North America holding the largest share of the
market (Meticulous Research®, 2019). This expansion is driven by increased consumer awareness of
health- and wellness-consciousness, ethical concerns over animal welfare and sustainability, as well as
in response to growing populations (Akaichi, Glenk, and Revoredo-Giha 2019; van der Weele et al.
2019). Grain proteins hold the largest share of the plant protein market, particularly those derived from
cereals (wheat, rice and corn) and legumes (soy and pea) (Meticulous Research®, 2019a). These proteins
are gaining more popularity with emphasis on their compositional and functional properties for the
development of high-quality, consumer-relevant foods (Burger and Zhang 2019; Lammi, Zanoni, and
Arnoldi 2015; Hu et al. 2015). Nevertheless, the incorporation of grain protein is still challenging and
might induce changes to the quality of food products particularly when used as an alternative to animal
proteins or in animal-free products (Schreuders et al. 2019; Pietsch et al. 2019). In this light, this review
aims to define the characteristics of grain proteins and to address the challenges and solutions for

developing consumer-relevant foods.

2. Extraction

Wet extraction and dry fractionation are both employed for protein isolation. At industrial level, grain
protein isolates are traditionally extracted using wet processing. As illustrated in Figure 1, wet extraction
starts by subjecting finely milled (and defatted, dehulled or/ and debranned, depending on the grain type)
flour to alkaline or acidic conditions to solubilize proteins (Adenekan et al. 2018). After centrifugation,
for the removal of insoluble material (e.g., starch and fiber), the solubilized protein are/may be
concentrated by isoelectric precipitation, washed and centrifuged again to remove soluble material
(sugars, soluble fibers and fats). Proteins are then neutralized and dried to obtain proteins isolates with
high purity (90%) (Taherian et al. 2011; Papalamprou, Doxastakis, and Kiosseoglou 2010). However,
the use of chemical solvents and thermal treatments in this process may affect protein functionality
through hindering their structure (Jafari et al. 2016; Zhao et al. 2018). In addition, this process requires
high amounts of water and energy and generates high waste (products? biomass?), which could
negatively affect the environment (Ruiz et al. 2016; Chéreau et al. 2016). To overcome both functional
and environmental drawbacks, several innovative pre- and/or post-processing techniques have been

developed (Table 1).
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3. Characteristics of grain proteins

Cereals are valuable sources of proteins in the human diet. Gluten, zein, and rice protein are the most
used proteins in food and beverage formulations owing to their techno-functional properties. Gluten has
a high concentration of sulfur-containing amino acids and plays an important role in water absorption
capacity, cohesiveness, viscosity, and elasticity of the dough (Ortolan et al. 2017). However, for those
consumers genetically predisposed, gluten is related to a wide spectrum of diseases such as celiac disease
and gluten sensitivity (Sapone et al. 2012). Rice proteins are an excellent source of essential amino
acids, whereas their native form have low solubility and emulsifying properties (Gomes and Kurozawa
2020). Rice proteins are hypoallergenic and rich in bioactive peptides (Amagliani et al. 2019). Zein is
the commercialized form of corn proteins, and it is rich in sulfur-containing amino acids, but lacks
tryptophan and lysine (Dhillon et al. 2016). Zein has a low solubility but high capacities in emulsion
and foam stability and film forming (Cao et al. 2020; Boostani et al. 2019; Teklehaimanot and
Emmambux 2019). As for legumes, soy protein is the most marketed protein and provides a relatively
well-balanced amino acid composition and bioactive peptides (Gorissen et al. 2018). Soy proteins
provide high gel formation, emulsifying capacity, solvent holding capacity and film forming capacities
(Li et al. 2019; Barac et al. 2015). Pea protein use is one the rise as a less allergenic alternative to soy
protein, offering good emulsification and foaming properties (Silva et al. 2019). More grain sources of

proteins are gaining traction including sweet lupin proteins and fava proteins.

4. Enriching Foods with Grain Proteins: opportunities and challenges

In meat analogues applications, soy and gluten play crucial roles in creating fibrous structure thanks to
their binding and film-forming capacities Pea proteins are increasingly used as a substitute for soy
protein, but this results in weaker structure thereby requiring the addition of other ingredients (e.g.

gluten) to reinforce and stabilize the fibrous structure (Schreuders et al. 2019).

Alternative dairy-free beverages enriched with soy and pea proteins are characterized by a distinct grassy
or beany flavor (Sethi, Tyagi, and Anurag 2016; Trikusuma, Paravisini, and Peterson 2020). The
addition of grain proteins can increase total protein and amino acid contents in beverages (Akin and
Ozcan 2017). More investigations are required to modulate grain proteins behavior as a function of

processing conditions to ensure quality stability during storage (Le Roux et al. 2020).

In bread, vital gluten is commonly added to weak wheat flour to improve the strength of the protein
network in the dough thereby enhancing the properties of the bread, including yield, volume, texture,

color, and sensory properties (Boukid et al. 2018). The incorporation of non-gluten proteins at up to
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10% has been found to improve both the protein quantity and quality of bread, but over 15% weakened
the gluten-network of doughs and hindered bread quality (Hoehnel et al. 2019; Zhou, Liu, and Tang
2018). In gluten-free breads, the addition of protein at up to 2% enhanced dough rheological properties
and bread quality (i.e. specific volume, sensory quality, nutritional quality, and digestibility) (Masure
et al. 2019; Sahagun et al. 2020). However, protein additions at over 10% resulted in breads with darker

color, lower volume and higher hardness than control (Sahagin and Gémez 2018).

Gluten-free pasta enriched with proteins grains (up to 10%) had enhanced structure, texture, cooking
quality and sensory properties and reduced the digestibility of the final product (Linares-Garcia et al.
2019; Detchewa et al. 2016; Rachman et al. 2019; Larrosa et al. 2016; Phongthai et al. 2017). However,

over 12% of zein resulted in the increase of water absorption and firmness (Jeong et al. 2017).

Baked goods made by substituting up to 30% of wheat flour by grain proteins resulted in the increase of
water absorption and expansion factor (Tang and Liu 2017), where up to 15% did not hinder hardness
and overall acceptability (Tang and Liu 2017). Likewise, gluten-free biscuits formulated by the
substitution of rice flour by soy protein or pea protein at up to 20% were well accepted by consumers,
but higher levels (over 20%) hampered the quality of biscuits (dark color and hard texture) thereby
lowering the overall acceptability of the enriched products (Adeyeye, Adebayo-Oyetoro, and Omoniyi
2017; Mancebo, Rodriguez, and Goémez 2016).

To conclude, while plant proteins are becoming a desirable choice for consumers and food
manufacturers, there are still challenges that arise when using these ingredients. Breakthroughs in
understanding off-flavor mechanisms and new manufacturing techniques will breed the next generation
of ingredients that can give a higher quality compared to the analogs that are made with animal-based
or less amounts of protein. These improvements can lead the way in furthering consumer acceptance

leading to more demand for additional plant-based products.

References

Adenekan, Monilola K., Gbemisola J. Fadimu, Lukumon A. Odunmbaku, and Emmanuel K. Oke.
2018. “Effect of Isolation Techniques on the Characteristics of Pigeon Pea ( Cajanus Cajan )
Protein Isolates.” Food Science & Nutrition 6 (1): 146-52. https://doi.org/10.1002/fsn3.539.

Adeyeye, S.A.O., A.O. Adebayo-Oyetoro, and S.A. Omoniyi. 2017. “Quality and Sensory Properties
of Maize Flour Cookies Enriched with Soy Protein Isolate.” Edited by Fatih Yildiz. Cogent Food
& Agriculture 0 (0). https://doi.org/10.1080/23311932.2017.1278827.

Akaichi, Faical, Klaus Glenk, and Cesar Revoredo-Giha. 2019. “Could Animal Welfare Claims and
Nutritional Information Boost the Demand for Organic Meat? Evidence from Non-Hypothetical
Experimental Auctions.” Journal of Cleaner Production 207 (January): 961-70.
https://doi.org/10.1016/j.jclepro.2018.10.064.



126
127
128

129
130
131
132

133
134
135
136

137
138
139
140
141

142
143
144

145
146
147

148
149
150
151

152
153
154
155

156
157
158
159

160
161
162

163
164
165
166

167
168
169
170
171

172
173
174
175

Akin, Zeynep, and Tulay Ozcan. 2017. “Functional Properties of Fermented Milk Produced with Plant
Proteins.” LWT - Food Science and Technology 86 (December): 25-30.
https://doi.org/10.1016/j.1wt.2017.07.025.

Amagliani, Luca, Jonathan O’Regan, Christophe Schmitt, Alan L. Kelly, and James A. O’Mahony.
2019. “Characterisation of the Physicochemical Properties of Intact and Hydrolysed Rice Protein
Ingredients.” Journal of Cereal Science 88 (July): 16-23.
https://doi.org/10.1016/j.jcs.2019.04.002.

Barac, Miroljub B., Mirjana B. Pesic, Sladjana P. Stanojevic, Aleksandar Z. Kostic, and Vanja
Bivolarevic. 2015. “Comparative Study of the Functional Properties of Three Legume Seed
Isolates: Adzuki, Pea and Soy Bean.” Journal of Food Science and Technology 52 (5): 2779-87.
https://doi.org/10.1007/s13197-014-1298-6.

Boostani, Sareh, Seyed Mohammad Hashem Hosseini, Gholamhossein Yousefi, Masoud Riazi, Ali
Mohammad Tamaddon, and Paul Van der Meeren. 2019. “The Stability of Triphasic Oil-in-
Water Pickering Emulsions Can Be Improved by Physical Modification of Hordein- and Secalin-
Based Submicron Particles.” Food Hydrocolloids 89 (April): 649—60.
https://doi.org/10.1016/j.foodhyd.2018.11.035.

Boukid, F., E. Carini, E. Curti, G. Bardini, E. Pizzigalli, and E. Vittadini. 2018. “Effectiveness of Vital
Gluten and Transglutaminase in the Improvement of Physico-Chemical Properties of Fresh
Bread.” LWT - Food Science and Technology 92. https://doi.org/10.1016/j.1wt.2018.02.059.

Burger, Travis G., and Yue Zhang. 2019. “Recent Progress in the Utilization of Pea Protein as an
Emulsifier for Food Applications.” Trends in Food Science and Technology. Elsevier Ltd.
https://doi.org/10.1016/j.tifs.2019.02.007.

Cabuk, Burcu, Matthew G. Nosworthy, Andrea K. Stone, Darren R. Korber, Takuji Tanaka, James D.
House, and Michael T. Nickerson. 2018. “Effect of Fermentation on the Protein Digestibility and
Levels of Non-Nutritive Compounds of Pea Protein Concentrate.” Food Technology and
Biotechnology 56 (2): 257-64. https://doi.org/10.17113/{tb.56.02.18.5450.

Cao, Zhenyu, Zelong Liu, Huijuan Zhang, Jing Wang, and Shuncheng Ren. 2020. “Protein Particles
Ameliorate the Mechanical Properties of Highly Polyunsaturated Oil-Based Whipped Cream: A
Possible Mode of Action.” Food Hydrocolloids 99 (February).
https://doi.org/10.1016/j.foodhyd.2019.105350.

Chéreau, Denis, Pauline Videcoq, Cécile Ruffieux, Lisa Pichon, Jean Charles Motte, Saliha Belaid,
Jorge Ventureira, and Michel Lopez. 2016. “Combination of Existing and Alternative
Technologies to Promote Oilseeds and Pulses Proteins in Food Applications.” OCL - Oilseeds
and Fats, Crops and Lipids 41 (1). https://doi.org/10.1051/0cl/2016020.

Detchewa, Pakkawat, Masubon Thongngam, Jay Lin Jane, and Onanong Naivikul. 2016. “Preparation
of Gluten-Free Rice Spaghetti with Soy Protein Isolate Using Twin-Screw Extrusion.” Journal of
Food Science and Technology 53 (9): 3485-94. https://doi.org/10.1007/s13197-016-2323-8.

Dhillon, Gurpreet Singh, S. Kaur, H. S. Oberoi, M. R. Spier, and S. K. Brar. 2016. “Agricultural-
Based Protein By-Products: Characterization and Applications.” In Protein Byproducts:

Transformation from Environmental Burden Into Value-Added Products, 21-36. Elsevier Inc.
https://doi.org/10.1016/B978-0-12-802391-4.00002-1.

Golly, Moses Kwaku, Haile Ma, Duan Yuqing, Liu Dandan, Janet Quaisie, Jamila Akter Tuli,
Benjamin Kumah Mintah, Courage Sedem Dzah, and Percival Delali Agordoh. 2020. “Effect of
Multi-Frequency Countercurrent Ultrasound Treatment on Extraction Optimization, Functional
and Structural Properties of Protein Isolates from Walnut ( Juglans Regia L.) Meal.” Journal of
Food Biochemistry, March, €13210. https://doi.org/10.1111/jfbc.13210.

Gomes, Matheus Henrique Gouveia, and Louise Emy Kurozawa. 2020. “Improvement of the
Functional and Antioxidant Properties of Rice Protein by Enzymatic Hydrolysis for the
Microencapsulation of Linseed Oil.” Journal of Food Engineering 267 (February).
https://doi.org/10.1016/j.jfoodeng.2019.109761.



176
177
178
179

180
181
182
183

184
185
186
187

188
189
190
191

192
193
194
195

196
197
198
199

200
201
202
203

204
205
206
207

208
209
210

211
212
213
214

215
216
217
218
219

220
221
222

223
224
225

Gorgiic, Ahmet, Pmar Ozer, and Fatih Mehmet Yilmaz. 2020. “Microwave-assisted Enzymatic
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.”
Journal of Food Processing and Preservation 44 (1). https://doi.org/10.1111/jfpp.14304.

Gorissen, Stefan H.M., Julie J.R. Crombag, Joan M.G. Senden, W. A.Huub Waterval, Jérgen Bierau,
Lex B. Verdijk, and Luc J.C. van Loon. 2018. “Protein Content and Amino Acid Composition of
Commercially Available Plant-Based Protein Isolates.” Amino Acids 50 (12): 1685-95.
https://doi.org/10.1007/s00726-018-2640-5.

Hoehnel, Andrea, Claudia Axel, Jirgen Bez, Elke K. Arendt, and Emanuele Zannini. 2019.
“Comparative Analysis of Plant-Based High-Protein Ingredients and Their Impact on Quality of
High-Protein Bread.” Journal of Cereal Science 89 (September).
https://doi.org/10.1016/j.jcs.2019.102816.

Hu, Hao, Imelda W.Y. Cheung, Siyi Pan, and Eunice C.Y. Li-Chan. 2015. “Effect of High Intensity
Ultrasound on Physicochemical and Functional Properties of Aggregated Soybean B-Conglycinin
and Glycinin.” Food Hydrocolloids 45 (January): 102-10.
https://doi.org/10.1016/j.foodhyd.2014.11.004.

Huang, Liurong, Shifang Jia, Wenxue Zhang, Lixin Ma, and Xiaona Ding. 2020. “Aggregation and
Emulsifying Properties of Soybean Protein Isolate Pretreated by Combination of Dual-Frequency
Ultrasound and Ionic Liquids.” Journal of Molecular Liquids 301 (March): 112394,
https://doi.org/10.1016/j.molliq.2019.112394.

Jafari, Mousa, Amin Reza Rajabzadeh, Solmaz Tabtabaei, Frédéric Marsolais, and Raymond L.
Legge. 2016. “Physicochemical Characterization of a Navy Bean (Phaseolus Vulgaris) Protein
Fraction Produced Using a Solvent-Free Method.” Food Chemistry 208 (October): 35-41.
https://doi.org/10.1016/j.foodchem.2016.03.102.

Jeong, Sungmin, Myeongseon Kim, Mi Ra Yoon, and Suyong Lee. 2017. “Preparation and
Characterization of Gluten-Free Sheeted Doughs and Noodles with Zein and Rice Flour
Containing Different Amylose Contents.” Journal of Cereal Science 75 (May): 138-42.
https://doi.org/10.1016/j.jcs.2017.03.022.

Lammi, Carmen, Chiara Zanoni, and Anna Arnoldi. 2015. “IAVPGEVA, IAVPTGVA, and LPYP,
Three Peptides from Soy Glycinin, Modulate Cholesterol Metabolism in HepG2 Cells through
the Activation of the LDLR-SREBP2 Pathway.” Journal of Functional Foods 14 (April): 469—
78. https://doi.org/10.1016/j.jf£.2015.02.021.

Larrosa, Virginia, Gabriel Lorenzo, Noemi Zaritzky, and Alicia Califano. 2016. “Improvement of the
Texture and Quality of Cooked Gluten-Free Pasta.” LWT - Food Science and Technology 70
(July): 96—103. https://doi.org/10.1016/j.Iwt.2016.02.039.

Li, Dongze, Xiaojing Li, Gangcheng Wu, Peiyan Li, Hui Zhang, Xiguang Qi, Li Wang, and Haifeng
Qian. 2019. “The Characterization and Stability of the Soy Protein Isolate/1-Octacosanol
Nanocomplex.” Food Chemistry 297 (November).
https://doi.org/10.1016/j.foodchem.2019.05.041.

Linares-Garcia, Laura, Ritva Repo-Carrasco-Valencia, Patricia Glorio Paulet, and Regine
Schoenlechner. 2019. “Development of Gluten-Free and Egg-Free Pasta Based on Quinoa
(Chenopdium Quinoa Willd) with Addition of Lupine Flour, Vegetable Proteins and the
Oxidizing Enzyme POx.” European Food Research and Technology 245 (10): 2147-56.
https://doi.org/10.1007/s00217-019-03320-1.

Ma, Xiaobin, Furong Hou, Huanhuan Zhao, Danli Wang, Weijun Chen, Song Miao, and Donghong
Liu. 2020. “Conjugation of Soy Protein Isolate (SPI) with Pectin by Ultrasound Treatment.”
Food Hydrocolloids, May, 106056. https://doi.org/10.1016/j.foodhyd.2020.106056.

Mancebo, Camino M., Patricia Rodriguez, and Manuel Gémez. 2016. “Assessing Rice Flour-Starch-
Protein Mixtures to Produce Gluten Free Sugar-Snap Cookies.” LWT - Food Science and
Technology 67 (April): 127-32. https://doi.org/10.1016/j.1wt.2015.11.045.



226
227
228

229
230
231
232

233
234
235

236
237
238

239
240
241

242
243
244
245

246
247
248
249

250
251
252

253
254
255
256

257
258
259
260

261
262
263

264
265
266

267
268
269
270

271
272
273
274

Masure, Hanne G., Arno G.B. Wouters, Ellen Fierens, and Jan A. Delcour. 2019. “Impact of Egg
White and Soy Proteins on Structure Formation and Crumb Firming in Gluten-Free Breads.”
Food Hydrocolloids 95 (October): 406—17. https://doi.org/10.1016/j.foodhyd.2019.04.062.

MeticulousResearch®. 2019. “Plant Based Protein Market Worth $14.32 Billion by 2025- Exclusive
Report by Meticulous Research®.” 2019. https://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.

Mondor, Martin, Denis Ippersiel, Frangois Lamarche, and Joyce 1. Boye. 2004. “Production of Soy
Protein Concentrates Using a Combination of Electroacidification and Ultrafiltration.” Journal of
Agricultural and Food Chemistry 52 (23): 6991-96. https://doi.org/10.1021/j10400922.

Ortolan, Fernanda, Gabriela Paiva Corréa, Rosiane Lopes da Cunha, and Caroline Joy Steel. 2017.
“Rheological Properties of Vital Wheat Glutens with Water or Sodium Chloride.” LWT - Food
Science and Technology 79 (June): 647-54. https://doi.org/10.1016/J.LWT.2017.01.059.

Papalamprou, Evdoxia M, Georgios I Doxastakis, and Vassilios Kiosseoglou. 2010. “Chickpea Protein
Isolates Obtained by Wet Extraction as Emulsifying Agents.” Journal of the Science of Food and
Agriculture 90 (2): 304—13. https://doi.org/10.1002/jsfa.3816.

Phongthai, Suphat, Stefano D’ Amico, Regine Schoenlechner, Wantida Homthawornchoo, and Saroat
Rawdkuen. 2017. “Effects of Protein Enrichment on the Properties of Rice Flour Based Gluten-
Free Pasta.” LWT - Food Science and Technology 80 (July): 378-85.
https://doi.org/10.1016/j.1wt.2017.02.044.

Pietsch, Valerie L., Jan M. Biihler, Heike P. Karbstein, and M. Azad Emin. 2019. “High Moisture
Extrusion of Soy Protein Concentrate: Influence of Thermomechanical Treatment on Protein-
Protein Interactions and Rheological Properties.” Journal of Food Engineering 251 (June): 11—
18. https://doi.org/10.1016/j.jfoodeng.2019.01.001.

Rachman, Adetiya, Margaret A. Brennan, James Morton, and Charles S. Brennan. 2019. “Effect of
Egg White Protein and Soy Protein Fortification on Physicochemical Characteristics of Banana
Pasta.” Journal of Food Processing and Preservation 43 (9). https://doi.org/10.1111/jfpp.14081.

Roux, Linda Le, Serge Mejean, Raphaél Chacon, Christelle Lopez, Didier Dupont, Amélie Deglaire,
Frangoise Nau, and Romain Jeantet. 2020. “Plant Proteins Partially Replacing Dairy Proteins
Greatly Influence Infant Formula Functionalities.” LWT 120 (February).
https://doi.org/10.1016/j.1wt.2019.108891.

Ruiz, Geraldine Avila, Wukai Xiao, Martinus Van Boekel, Marcel Minor, and Markus Stieger. 2016.
“Effect of Extraction PH on Heat-Induced Aggregation, Gelation and Microstructure of Protein
Isolate from Quinoa (Chenopodium Quinoa Willd).” Food Chemistry 209 (October): 203-10.
https://doi.org/10.1016/j.foodchem.2016.04.052.

Sahagun, Marta, Yaiza Benavent-Gil, Cristina M. Rosell, and Manuel Gémez. 2020. “Modulation of
in Vitro Digestibility and Physical Characteristics of Protein Enriched Gluten Free Breads by
Defining Hydration.” LWT 117 (January). https://doi.org/10.1016/j.1wt.2019.108642.

Sahagtin, Marta, and Manuel Gomez. 2018. “Assessing Influence of Protein Source on Characteristics
of Gluten-Free Breads Optimising Their Hydration Level.” Food and Bioprocess Technology 11
(9): 1686-94. https://doi.org/10.1007/s11947-018-2135-0.

Salimi Khorshidi, Ali, Nancy Ames, Richard Cuthbert, Elaine Sopiwnyk, and Sijo Joseph Thandapilly.
2019. “Application of Low-Intensity Ultrasound as a Rapid, Cost-Effective Tool to Wheat
Screening: Discrimination of Canadian Varieties at 10 MHz.” Journal of Cereal Science 88
(July): 9—15. https://doi.org/10.1016/j.jcs.2019.05.001.

Sapone, Anna, Julio C. Bai, Carolina Ciacci, Jernej Dolinsek, Peter H.R. Green, Marios
Hadjivassiliou, Katri Kaukinen, et al. 2012. “Spectrum of Gluten-Related Disorders: Consensus
on New Nomenclature and Classification.” BMC Medicine 10 (February).
https://doi.org/10.1186/1741-7015-10-13.



275
276
277
278

279
280
281

282
283
284
285

286
287
288
289

290
291
292

293
294
295

296
297
298

299
300
301
302

303
304
305

306
307
308

309
310
311

312
313
314

315
316
317
318

319
320
321
322

323

Schreuders, Floor K.G., Birgit L. Dekkers, Igor Bodnar, Philipp Erni, Remko M. Boom, and Atze Jan
van der Goot. 2019. “Comparing Structuring Potential of Pea and Soy Protein with Gluten for
Meat Analogue Preparation.” Journal of Food Engineering 261 (November): 32-39.
https://doi.org/10.1016/j.jfoodeng.2019.04.022.

Sethi, Swati, S. K. Tyagi, and Rahul K. Anurag. 2016. “Plant-Based Milk Alternatives an Emerging
Segment of Functional Beverages: A Review.” Journal of Food Science and Technology.
Springer India. https://doi.org/10.1007/s13197-016-2328-3.

Silva, Juliana V.C., Boris Jacquette, Luca Amagliani, Christophe Schmitt, Taco Nicolai, and
Christophe Chassenieux. 2019. “Heat-Induced Gelation of Micellar Casein/Plant Protein Oil-in-
Water Emulsions.” Colloids and Surfaces A: Physicochemical and Engineering Aspects 569
(May): 85-92. https://doi.org/10.1016/j.colsurfa.2019.01.065.

Taherian, Ali R., Martin Mondor, Joey Labranche, Héléne Drolet, Denis Ippersiel, and Frangois
Lamarche. 2011. “Comparative Study of Functional Properties of Commercial and Membrane
Processed Yellow Pea Protein Isolates.” Food Research International 44 (8): 2505-14.
https://doi.org/10.1016/j.foodres.2011.01.030.

Tang, Xiaozhi, and Junfei Liu. 2017. “A Comparative Study of Partial Replacement of Wheat Flour
with Whey and Soy Protein on Rheological Properties of Dough and Cookie Quality.” Journal of
Food Quality 2017. https://doi.org/10.1155/2017/2618020.

Teklehaimanot, Welday Hailu, and M. Naushad Emmambux. 2019. “Foaming Properties of Total
Zein, Total Kafirin and Pre-Gelatinized Maize Starch Blends at Alkaline PH.” Food
Hydrocolloids 97 (December). https://doi.org/10.1016/j.foodhyd.2019.105221.

Trikusuma, Mariana, Laurianne Paravisini, and Devin G. Peterson. 2020. “Identification of Aroma
Compounds in Pea Protein UHT Beverages.” Food Chemistry 312 (May).
https://doi.org/10.1016/j.foodchem.2019.126082.

Vatansever, Serap, and Clifford Hall. 2020. “Flavor Modification of Yellow Pea Flour Using
Supercritical Carbon Dioxide + Ethanol Extraction and Response Surface Methodology.”
Journal of Supercritical Fluids 156 (February): 104659.
https://doi.org/10.1016/j.supflu.2019.104659.

Wang, Kun, and Susan D. Arntfield. 2015. “Effect of Salts and PH on Selected Ketone Flavours
Binding to Salt-Extracted Pea Proteins: The Role of Non-Covalent Forces.” Food Research
International 77 (November): 1-9. https://doi.org/10.1016/j.foodres.2015.03.017.

Wang, Kun, and Susan D. Arntfield. 2016. “Probing the Molecular Forces Involved in Binding of
Selected Volatile Flavour Compounds to Salt-Extracted Pea Proteins.” Food Chemistry 211
(November): 235-42. https://doi.org/10.1016/j.foodchem.2016.05.062.

Weele, Cor van der, Peter Feindt, Atze Jan van der Goot, Barbara van Mierlo, and Martinus van
Boekel. 2019. “Meat Alternatives: An Integrative Comparison.” Trends in Food Science and
Technology. Elsevier Ltd. https://doi.org/10.1016/.tifs.2019.04.018.

Wu, Shaowen, Deland J. Myers, and Lawrence A. Johnson. 1997. “Factors Affecting Yield and
Composition of Zein Extracted from Commercial Corn Gluten Meal.” Cereal Chemistry 74 (3):
258-63. https://doi.org/10.1094/CCHEM.1997.74.3.258.

Yang, Xue, Yunliang Li, Suyun Li, Ayobami Olayemi Oladejo, Yucheng Wang, Shanfen Huang,
Cunshan Zhou, et al. 2017. “Effects of Multi-Frequency Ultrasound Pretreatment under Low
Power Density on the Enzymolysis and the Structure Characterization of Defatted Wheat Germ
Protein.” Ultrasonics Sonochemistry 38: 410-20. https://doi.org/10.1016/j.ultsonch.2017.03.001.

Yousseef, Manhal, Céline Lafarge, Dominique Valentin, Samuel Lubbers, and Florence Husson. 2016.
“Fermentation of Cow Milk and/or Pea Milk Mixtures by Different Starter Cultures: Physico-
Chemical and Sensorial Properties.” LWT - Food Science and Technology 69 (June): 430-37.
https://doi.org/10.1016/j.1wt.2016.01.060.

Zhao, Xiaoyan, Xiaowei Zhang, Hongkai Liu, Guixiang Zhang, and Qiang Ao. 2018. “Functional,



324
325

326
327
328

329

Nutritional and Flavor Characteristic of Soybean Proteins Obtained through Reverse Micelles.”
Food Hydrocolloids 74 (January): 358—66. https://doi.org/10.1016/j.foodhyd.2017.08.024.

Zhou, Jianmin, Junfei Liu, and Xiaozhi Tang. 2018. “Effects of Whey and Soy Protein Addition on
Bread Rheological Property of Wheat Flour.” Journal of Texture Studies 49 (1): 38—46.
https://doi.org/10.1111/jtxs.12275.



$

Protein solubilization

¥

Centrifugation

¥

Isoelectric precipitation

¥

Washing and centrifugation

@

Neutralization

¥

¥

330 -

331  Figure 1: Wet extraction of grain protein (Taherian et al. 2011; Papalamprou, Doxastakis, and

332  Kiosseoglou 2010).
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Table 1: Innovative processing for grain proteins purification

Processing Advantages References
Electro-acidification and -improve protein purity (Mondor et al. 2004).
ultrafiltration -improve protein isolates solubility

Single frequency ultrasound

improve protein isolates solubility and
emulsifying capacity and stability

(Ma et al. 2020; Huang et al.
2020)

Multi-frequency ultrasonic

-improve protein structure and
functionality
-reduce extraction time

(Salimi Khorshidi et al.
2019; Yang et al. 2017;
Golly et al. 2020)

Supercritical carbon dioxide

-green technology

-remove  bitterness and  carotenoids
compounds

-lighten the color of protein

(Vatansever and Hall 2020)

Enzymatic extraction assisted
with microwave or vacuum
processing

-improve protein functionality
-bioactivity of antioxidant compounds

(Gorgiig, Ozer, and Yilmaz
2020)

Lactic acid fermentation

-decrease flavor
-reduce antinutrients
-increase bioactive peptides

(Yousseef et al. 2016; Cabuk
et al. 2018)

Solvent treatment

-enhance the structure
-decrease flavor retention

(Wang & Arntfield, 2015).

Acetylation and succinylation

- enhance the structure
-decrease flavor retention

(Wang and Arntfield 2016)
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