
P E R S P E C T I V E Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International 
License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate 
credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the licensed material. 
You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or other third party 
material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​/​​/​c​r​e​a​​t​i​v​e​c​o​​m​m​o​n​​s​.​o​r​g​​/​l​i​c​e​​n​s​
e​s​/​b​​y​-​n​c​​-​n​d​/​4​.​0​/.

Ben Halima Discover Food           (2025) 5:318 
https://doi.org/10.1007/s44187-025-00571-8

*Correspondence:
Nihed Ben Halima
nihedbenhalima@gmail.com;  
nihed.benhalima@medecinesfax.
org
1Biological Engineering 
Department, National Engineering 
School of Sfax, University of Sfax, 
Sfax, Tunisia

Special attention to the relevance of lipids 
and proteins from oats and algae for the future 
of food and nutraceuticals
Nihed Ben Halima1*

Discover Food

Abstract
Plants constitute important sources of many vital components for humankind. In 
this paper, the importance of many vegetable components, in particular lipids and 
proteins from various plant origins, e.g., cereals and algae, were highlighted as well 
as their potential applications, especially in nutraceuticals and food industries. Oat 
(Avena sativa) is a unique cereal as source of many enzymes in particular glycoside 
hydrolases and lipolytic enzymes that could serve in food industries such as in 
bakery. Oats contain also an important lipid fraction including polyunsaturated fatty 
acids and tocopherol (vitamin E) as potential antioxydant agents for nutraceuticals. 
Besides, aquatic plants, mainly macroalgae and microalgae, for aquaculture and 
nutrition, could pave the way for the food of the future. More research on botany 
is needed to better understand the roles of lipids and proteins from different plants 
and to uncover more of their benefits in human life.
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1  Introduction
Plants form the basis for life and the branch of biology that deals with the study of plants 
is “botany”. The term “botany” could also be replaced by plant biology, plant sciences, 
or phytology. Although the importance of botany in human life includes in particular 
its interest in agriculture, food, and nutrition, there is a decline in botany research in 
the 21 st century. Botany, the scientific study of plants as a comprehensive multilevel 
discipline, is nowadays in jeopardy as it is reflected in, for instance, a recent decline in 
the numbers of botany students, botanical university departments, plant collections, 
and botany courses, which highlight the current erosion of this scientific discipline [1]. 
However, botany is essential in many biological projects, in particular, the specificity of 
each plant’s scientific name in the fields of agri-food, nutrition, and nutraceuticals. The 
investigation of the whole plant components is interesting for many usages. Plant lipids 
and proteins, as two vital plant components, for instance, can be used in many applica-
tions, particularly to proliferate the agri-food industry. Special attention in this paper 
is addressed mainly to outlining the already published author’s works in terms of func-
tional foods, dietary supplements, nutraceuticals, and related words from mainly oats 
and algae.

Functional foods refer to foods that enhance adequate nutritional effects on one or 
more target functions in the body, which can be relevant to either a reduction of disease 
risk or an improved state of health and wellbeing [2].

Dietary supplements, herbal products, natural product-driven nutrients, and pro-
cessed foods, such as soups, beverages, and cereals are termed as nutraceuticals; and 
food nutraceuticals are dietary compounds that have health benefits [3].

Nutraceutical is a hybrid word that combines the two terms “nutrition/nutrient” and 
“pharmaceutical” [4, 5]. Nutraceuticals are foods or elements of foods obtained from 
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various natural origins (microorganisms, plants, or animals) with significant health ben-
efits which can be employed to prevent or cure diseases [3, 6, 7]. They are a leading trend 
in the healthcare medicines in the market and are connected to food and pharmaceuti-
cal industries and thus the nutraceutical industry contains food bioactive compounds 
particularly phytochemicals as active principles in pharmaceutical forms (powders, cap-
sules, pills, vials, etc.) [4].

Nutraceuticals include any natural compounds with health and therapeutic benefits 
such as natural antioxidants, vitamins, flavonoids, carotenoids, polyphenols, dietary 
fibers, peptides, polyunsaturated fatty acids, prebiotics and probiotics [3, 5, 8]. Further-
more, the market for nutraceuticals is a fairly new section of food industry that is grow-
ing rapidly [9].

The author’s publications are focused on cultivated oat or common oat with the genus 
Avena and species sativa (Avena sativa L.), which is an important grain cereal and forage 
crop [10].

Oat was used as a plant material to verify the possibility of irrigation with treated 
wastewater [11]. Besides, oats could be cultivated in agricultural areas with high salt 
concentrations [12]. In this paper, with the interest on lipids and proteins from oats, 
there is also an emphasis on the importance of oleaginous algae for potential agri-food 
applications [13]. As such, the present paper is intended to use lipids and proteins as two 
examples of high-value compounds from different botanical identified plants, e.g., oats, 
algae, and other plants, in further nutraceutical and agri-food industries. More botani-
cally identification of unknown plants, either aquatic or non-aquatic plants, may gain 
momentum in the food of the future.

2  Plant lipids and proteins in food sciences
Plant lipids particularly plant fats and oils can be either major components or minor 
additives of the food product depending on the amount used. The major sources of 
plants fats and oils included sunflower oil, flaxseed oil, and canola oil. And oleaginous 
algae are the major sources of plant-based omega-3 fatty acids DHA (docosahexaenoic 
acid (DHA, 22:6n − 3)) and EPA (eicosapentaenoic acid (EPA, C20:5n-3)) [14].

Regarding the importance of lipids in food and nutrition, oxidation of lipids is the 
major chemical reaction that deteriorates the quality and affects the activity of this 
class of nutrients. Therefore, any treatments using high temperature, long exposure to 
light, oxygen and humidity should be avoided to maintain the nutritional value of plant 
lipids, fats and oils. To this end, the conditions for quality conservation of these plant 
components including the packaging and preservation methods should be taken into 
consideration.

Several plants are rich in both proteins and lipids and are plant-based foods such as 
cereals, pseudocereals; legumes, nuts and seeds. Cereals like wheat, maize, and rice 
cover almost 50% of the global food protein for the human consumption. And pseudo-
cereal like quinoa is a complete proteins source and also contains lipids. Legumes like 
soybeans and lentils are excellent sources of proteins and also contain healthy fats. Nuts 
and seeds, such as tiger nuts, sesame seeds, and hemp seeds, are known for their pro-
teins content and healthy lipids.

For more information about plant proteins in food science, please refer to [15–18].
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3  Lipids and oils from oat and other different species of plants
3.1  Importance of plant lipids as sources of some nutrients

Oat (Avena sativa) was used as a plant material in which oil was extracted from seeds in 
the report of [19]. The studied oat was a medium oil cultivar (roughly 5% oil extracted 
from seeds) and that oil was rich in essential polyunsaturated fatty acids and tocopherols 
(vitamin E).

Due to the nutritional composition, oat oil was nutraceutical in preventing mouse 
reprotoxicity damage by agricultural pesticides (e.g., Deltamethrin) as reported by [19]. 
Oat seed lipid extract may be of great interest as a nutraceutical in fertility and highly 
competitive for other nutritional purposes [10].

Moreover, other vegetable and plant fixed oils such as the oil from pumpkin seeds 
(Cucurbita pepo L.) and its characterization and implication on wound healing in rats 
could be explored in future investigations. In fact, pumpkin seed oil is rich in many bio-
active constituents such as sterols, polyunsaturated fatty acids, and tocopherols. These 
constituents make pumpkin oil a promising drug for nutritional and medicinal purposes.

It is important to note that plant lipid/oil can contain cholesterol. In fact, sterols are 
nutrient compounds. Generally, zoosterols particularly cholesterols are derived from 
animals and phytosterols are derived from algae and plants. However, small quantities of 
cholesterols can be derived from plants [20, 21]. And cholesterol is present in red algae 
and microalgae; cholesterol is found in one-third of microalgae [21, 22].

In addition, other selected publications reported the characterization of various 
essential oils and their potential applications, such as the characterization of essential 
oils from Artemisia phaeolepis [23], Citrus aurantium L. flowers [24], and lemon (Cit-
rus limon) [25]. Essential oil from different species of plant (e.g., Ceratonia siliqua and 
Citrus limon) has a preservative effect against pathogenic bacteria, in particular Listeria 
monocytogenes [26], when inoculated in minced beef meat [25, 27].

3.2  Lipid fractions of other plant species

Seeds of the following plants (Barley, Brachypodium, Maize, Beans (Vigna spp.), Arabi-
dopsis, Wheat, and Peanut) were reported in the publication of [28], which were used as 
plant materials to compare their lipid fractions in particular neutral lipid e.g., triacylg-
lycerol and polar lipids e.g., phospholipids with that of oat seeds (Avena sativa L.). The 
Lipid fraction of these seeds was extracted with isopropanol-chloroform/37% (v/v) HCl-
0.9%NaCl (10:10:10 v/v/v). In this report of [28], HPTLC (High-Performance Thin Layer 
Chromatography) was used as an outstanding analytical technique with good separation 
to identify neutral and polar lipids from these plant seeds. Triacylglycerols are the main 
component of all extracted seed lipid fractions, which suggests a good quality of such 
lipid fractions to be used in many food and nutritional applications. Furthermore, oat 
seed lipid fraction contains polar lipids such as phospholipids, which reinforce its utili-
zation in food applications.

On the other hand, lipids from oleaginous algae (macroalgae and microalgae) are of 
great nutritional interest due to the polyunsaturated fatty acids composition, which 
could be used in aquaculture and other applications [29, 30].
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4  Proteins and enzymes from different species of plants
Enzymes are promising biocatalysts that can be used to improve the functional proper-
ties of food proteins and the generation of nutraceutical protein hydrolysates/bioactive 
peptides [31] as well as the generation of nutraceutical lipids.

Furthermore, there are key enzymes involved in the synthesis of long chain-polyun-
saturated fatty acids (LC-PUFAs) such as DHA and EPA, which are essential fatty acids 
[32]. These key enzymes are Δ4 desaturase and long-chain acyl-coenzyme A synthetase 
[33].

Therefore, enzymes could be implicated in the function of nutraceuticals as enzy-
matic digestion/hydrolysis as well as enzymatic synthesis of novel food proteins/lip-
ids, for instance, as safe and nutritional enzymatic products used in health and food 
applications.

4.1  Oat enzymes

Enzymes are proteins with distinctive activities; they are biocatalysts. Enzymes extracted 
from plants could be unique among those extracted from microorganisms and animals 
in future human life applications, e.g., the agri-food industry. Many reports were inves-
tigated in the identification and characterization of oat (Avena sativa) enzymes. Special 
attention to oat enzymes was made on glycoside hydrolases of family 14 (GH14), espe-
cially beta-amylases [34, 35] and chitinases that belong to the glycoside hydrolases of 
family 19 (GH19) [36]. Oat lipolytic enzymes, particularly oat phospholipases, were also 
reported in the publications of [37, 38]. These oat enzymes were identified and charac-
terized using biochemical characterization, bioinformatics, and in silico approaches.

Indeed, enzymes play a key role in biotechnological applications and the extract of oat 
enzymes in particular oat amylases could improve baking quality [39]. Oat enzymes as 
crude extracts or semi-purified extracts could have more applications in particular in the 
food industry.

4.2  Selected proteins from other species of plants

Bioinformatics and in silico approaches could be useful tools to better characterize novel 
genes and proteins from different plant origins. For example, annexins from Tunisian 
durum wheat varieties (Triticum turgidum L. subsp. durum cv. Mahmoudi) and two 
other different genes and proteins from halotolerant/halophyte plants, Lobularia mari-
tima and Aeluropus littoralis, were characterized using in silico approaches [40–42].

5  Aquatic plants: food of the future
Due to the numerous aquatic plants worldwide, research interest on such plants should 
take place to explore them in current and future human foods. Seaweed, sea moss, algae, 
and especially microalgae could play important roles to improve the quality of food and 
industrial products. For example, the use of oleaginous microalgae such as Chlorella 
minutissima rich in polyunsaturated fatty acids is beneficial in aquaculture [30]. Essen-
tial polyunsaturated fatty acids found in many algal lipids are required in human nutri-
tion. Moreover, such organisms (microalgae, algae, sea moss, seaweed, and other aquatic 
plants) could have other nutritional components such as essential amino acids, and 
antioxidants, e.g., chlorophylls, carotenoids, and vitamins, all of which boost the uses of 



Page 6 of 8Ben Halima Discover Food           (2025) 5:318 

such plants in aquaculture and other food applications either today or in the future as an 
excellent alternative to food lack of today.

Algae in particular blue-green and green algae could be a source of protein (40 to 
60% of dry matter) according to [43]. Proteins extracted from such algae possess a high 
nutritional value as well as functional properties such as emulsification and foaming 
capacities and water and fat absorption capacities making them promising economical 
potential for use as functional food ingredients [43].

6  Conclusion and prospects for future works
The starting point for this paper was the importance of botany in nutraceuticals and bio-
technology. As such, the botanical identification of each studied plant sample is needed 
to better understand its whole component characterization, e.g., fixed vegetable and 
essential oils and plant proteins. Higher plants in particular cereals, especially oats with 
their different species, either cultivated or spontaneously grown oats could be an excel-
lent source for human health and nutrition.

An overview of vegetable fixed oils and essential oils as well as oat enzymes and other 
plant proteins was reported in this paper for their relevance in nutraceuticals and future 
investigation in biotechnology and food science. Oat oil, in particular, is a source of anti-
oxidants that help to mitigate reprotoxicity. Therefore, oat oil could be nutraceutical to 
alleviate stress oxidant and relevant diseases. Algal oils rich in polyunsaturated fatty 
acids are a promising source for nutrition. Furthermore, plant proteins, in particular, oat 
enzymes mainly glycoside hydrolases could be used in food industry to improve quality 
especially in baking industry.

As such, this paper highlighted the importance of plant proteins and lipids and their 
relevant applications e.g., nutraceuticals and food industries, which could support the 
Sustainable Development Goals (SDGs) of the United Nations (UN) [44] particularly 
SDG 2 (ZERO HUNGER) and SDG 3 (GOOD HEALTH AND WELL-BEING).

Future works mainly for plants from marine and aquatic areas that can be called sea-
weed, sea moss, algae, and microalgae are needed as these plants could be promising 
foods in the future in regard to different related species that have the potent capacity to 
produce nutrients for humans and pets as well. However, focus research will be empha-
sized in human food as it is the challenge and alternative food source in the future due 
to lack of already food sources e.g., wheat and rice because of many causes, in particular, 
wars and climate change.

It will be important to focus on the field of botany/botanics to pave the way for a deep 
search for the most important genus and species of either higher plants or just algae 
(macroalgae and mircroalgae), as algae is the nearest group in the systematic classifica-
tion to the higher/terrestrial plants proven by phylogenetic studies.

Moreover, future works should be emphasised on valorisation of biomolecules found 
in any kind of plants biomass particularly the algal by-products rich in lipids and pro-
teins as potential sources for nutraceuticals and functional foods.
Acknowledgements
We thank Mr. Marouen Lassoued, Mr. Foued Chawali, Mr. Marouen Jebali, and Ms. Chaima Chikhaoui for their moral 
support.

Author contributions
N.B.H wrote and reviewed the whole manuscript solely.



Page 7 of 8Ben Halima Discover Food           (2025) 5:318 

Funding
No funding received.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 17 April 2025 / Accepted: 29 July 2025

References
1.	 Crisci JV, Katinas L, Apodaca MJ, Hoch PC. The end of botany. Trends Plant Sci. 2020;25(12):1173–6.
2.	 Caliskan O. Chapter 56-Mediterranean Figs (Ficus carica L.) functional food properties. In The Mediterranean diet an 

evidence-based approach. 2015, pp. 629–637.
3.	 Singh S, Razak MA, Sangam SR, Viswanath B, Begum PS, Rajagopal S. Chapter 2 -the impact of functional food and nutra-

ceuticals in health. In Therapeutic foods. Handbook of Food Bioengineering. 2018, pp. 23–47.
4.	 Sharma M, Dwivedi P, Singh Rawat AK, Dwivedi AK. Nutrition nutraceuticals: a proactive approach for healthcare. In 

Nutraceuticals: Nanotechnology in the Agri-Food Industry Volume 4. Nanotechnology in the Agri-Food Industry. 2016, pp. 
79–116.

5.	 Kumar CG, Sripada S, Poornachandra Y. Chapter 14-status and future prospects of fructooligosaccharides as nutraceuticals. 
In Role of Materials Science in Food Bioengineering. Handbook of Food Bioengineering. 2018, pp. 451–503.

6.	 Aronson JK. Defining ‘nutraceuticals’: neither nutritious nor pharmaceutical. Br J Clin Pharmacol. 2016;83(1):8–19. ​h​t​t​p​s​:​/​/​d​
o​i​.​o​r​g​/​1​0​.​1​1​1​1​/​b​c​p​.​1​2​9​3​5​​​​​.​​​

7.	 Prakash SE, Chikkamagalur Manjunatha V, Nagella P, Veerappa Lakshmaiah V. Chapter 11-nutraceuticals to prevent and 
manage cardiovascular diseases. In Nutraceuticals: Sources, Processing Methods, Properties, and Applications. 2023, pp. 
269–291.

8.	 Darshan PR, Preethi S. Chapter eleven-fast dissolving films–an innovative approach for delivering nutraceuticals. Industrial 
Application of Functional Foods, Ingredients and Nutraceuticals. Extraction, Processing and Formulation of Bioactive 
Compounds. 2023, pp. 361–396.

9.	 Visen A, Visen S, Sharma A, Visen PKS. Chapter 40-nutraceuticals as a natural alternative for preventive and proactive health 
care. In Functional Foods and Nutraceuticals in Metabolic and Non-Communicable Diseases. 2022, pp. 603–618.

10.	 Ben Halima N, Ben Saad R, Khemakhem B, Fendri I, Abdelkafi S. Oat (Avena sativa L.): oil and nutriment compounds valori-
zation for potential use in industrial applications. J Oleo Sci. 2015;64:915–32.

11.	 Fendri I, Ben Saad R, Khemakhem B, Ben Halima N, Gdoura R, Abdelkafi S. Effect of treated and untreated domestic 
wastewater on seed germination, seedling growth and amylase and lipase activities in Avena sativa L. J Sci Food Agric. 
2013;93:1568–74.

12.	 Ben Halima N, Ben Saad R, Ben Slima A, Khemakhem B, Fendri I, Abdelkafi S. Effect of salt stress on stress-associated genes 
and growth of Avena sativa L. ISESCO J Sci Technol. 2014;10:73–80.

13.	 Ben Halima N. Recent Developments in Plant Biotechnology: progress in Lipidomics and proteomics. Cambridge: Cam-
bridge Scholars Publishing; 2019.

14.	 Lankatillake C, Dias D, Huynh T. Chapter 10-plant-based imitated fish. Eng Plant-Based Food Syst. 2023, pp. 185–97.
15.	 Zhang J, Chen Q, Kaplan DL, Wang Q. High-moisture extruded protein fiber formation toward plant-based meat substi-

tutes applications: science, technology, and prospect. Trends Food Sci Technol. 2022;128:202–16.
16.	 Görgüç A, Gençdağ E, Yılmaz FM. Bioactive peptides derived from plant origin by-products: biological activities and 

techno-functional utilizations in food developments– a review. Food Res Int. 2020;136: 109504.
17.	 Almeida Sá AG, Franco Moreno YM, Mattar Carciofi BA. Plant proteins as high-quality nutritional source for human diet. 

Trends Food Sci Technol. 2020;97:170–84.
18.	 Di Stasio L. New protein sources: novel foods. reference module in food science. Encyclopedia Food Secur Sustain. 

2019;1:276–9.
19.	 Ben Halima N, Ben Slima A, Moalla I, Fetoui H, Pichon C, Gdoura R, Abdelkafi S. Protective effects of oat oil on deltame-

thrin-induced reprotoxicity in male mice. Food Funct. 2014;5:2070–7.
20.	 Bahrman EJ. Cholestrol and plants. J Chem Educ. 2005. https://doi.org/10.1021/ed082p1791.
21.	 Zio S, Tarnagda B, Tapsoba F, Zongo C, Savadogo A. Health interest of cholesterol and phytosterols and their contribution 

to one health approach. Rev Heliyon. 2024;10: e40132.
22.	 Sañé E, Del Mondo A, Ambrosino L, Smerilli A, Sansone C, Brunet C. The recent advanced in microalgal phytosterols: bioac-

tive ingredients along with human-health driven potential applications. Food Rev Int. 2021;39(4):1859–78. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​
1​​0​.​1​0​​8​0​/​8​7​​5​5​9​1​2​​9​.​2​0​2​1​​.​1​9​3​​8​1​1​5.

23.	 Ben Hsouna A, Ben Halima N, Abdelkafi S, Hamdi N. Essential oil from Artemisia phaeolepis: chemical composition and 
antimicrobial activities. J Oleo Sci. 2013;62:973–80.

https://doi.org/10.1111/bcp.12935
https://doi.org/10.1111/bcp.12935
https://doi.org/10.1021/ed082p1791
https://doi.org/10.1080/87559129.2021.1938115
https://doi.org/10.1080/87559129.2021.1938115


Page 8 of 8Ben Halima Discover Food           (2025) 5:318 

24.	 Ben Hsouna A, Hamdi N, Ben Halima N, Abdelkafi S. Characterization of essential oil from Citrus aurantium L. flowers: 
antimicrobial and antioxidant activities. J Oleo Sci. 2013;62:763–72.

25.	 Ben Hsouna A, Ben Halima N, Smaoui S, Hamdi N. Citrus lemon essential oil: chemical composition, antioxidant and 
antimicrobial activities with its preservative effect against Listeria monocytogenes inoculated in minced beef meat. Lipids 
Health Dis. 2017;16:146.

26.	 Ben Halima N. Listeria monocytogenes in Medical Research. In: Listeria monocytogenes. InTechOpen. 2018; pp. 41–51.
27.	 Ben Hsouna A, Trigui M, Ben Mansour R, Jarraya R, Mohamed D, Jaoua S. Chemical composition, cytotoxicity effect and 

antimicrobial activity of Ceratonia siliqua essential oil with preservative effects against Listeria inoculated in minced beef 
meat. Int J Food Microbiol. 2011;148:66–72.

28.	 Ben Halima N. Oil and lipid fraction characterization from oat (Avena sativa L.) and comparison among seeds: Phospholip-
ids and fatty acids importance. Montreal: Royal Book Publishing-International; 2020.

29.	 Ben Halima N. Occurrence and importance of plant lipids: a promising insight into algae. Recent Pat Food Nutr Agric. 
2017;8:166–74.

30.	 Ben Halima N. Why is it important to use algae in aquaculture? J Biochem Biotech. 2017;1:11–3.
31.	 Tapal A, Kaul Tiku P. Chapter 27-Nutritional and Nutraceutical Improvement by Enzymatic Modification of Food Proteins. 

Enzymes in Food Biotechnology. Production, Applications, and Future Prospects. 2019, pp. 471–481.
32.	 Rakel D, Rindfleisch JA. Chapter 88-the anti-inflammatory diet. In Integrative Medicine (Second Edition). 2007, pp. 

961–971.
33.	 Li Y, Shang M, Zhang W, et al. Study on the regulatory effects of ∆4-DES and LACS genes on the synthesis of LC-PUFAs, 

based on the transcriptome changes induced by fluridone in Aurantiochytrium limacinum OUC86. World J Microbiol 
Biotechnol. 2025;41: 160. https://doi.org/10.1007/s11274-025-04363-1.

34.	 Ben Halima N, Khemakhem B, Fendri I, Ogata H, Baril P, Pichon C, Abdelkafi S. Identification of a new oat β-amylase by 
functional proteomics. Biochim Biophys Acta-Proteins Proteom. 2016;1864:52–61.

35.	 Ben Halima N. Prediction and analysis of GH14 family β-amylases in oat seedling extract: structure and function insights 
using in silico approaches. Int J Biol Macromol. 2019;125:361–9.

36.	 Ben Halima N. Analysis of glycoside hydrolases from oat (Avena sativa) seedling extract. Bioinformation. 2019;15:678–88.
37.	 Ben Halima N. New insights into phospholipases in oat (Avena sativa) from bioinformatic analysis. Int J Biol Macromol. 

2019;133:804–10.
38.	 Ben Halima N. Unique sequence signatures in plant lipolytic enzymes: emerging research and opportunities. Hershey, PA: 

IGI Global; 2019.
39.	 Ben Halima N, Borchani M, Fendri I, Khemakhem B, Gosset D, Baril P, Pichon C, Ayadi MA, Abdelkafi S. Optimized amylases 

extraction from oat seeds and its impact on bread properties. Inter J Biol Macromol. 2015;72:1213–21.
40.	 Harbaoui M, Ben Saad R, Ben Halima N, Choura M, Brini F. Structural and functional characterisation of two novel durum 

wheat Annexin genes in response to abiotic stress. Funct Plant Biol. 2018;45(5):542–52.
41.	 Ben Saad R, Farhat-Khemekhem A, Ben Halima N, Ben Hamed K, Brini F, Saibi W. The LmSAP gene isolated from the halo-

tolerant Lobularia maritima improves salt and ionic tolerance in transgenic tobacco lines. Funct Plant Biol. 2018;45:378–91.
42.	 Ben Saad R, Ben Halima N, Ghorbel M, Zouari N, Ben Romdhane W, Guiderdoni E, Al-Doss A, Hassairi A. AlSRG1, a novel 

gene encoding an RRM-type RNA-binding protein (RBP) from Aeluropus littoralis, confers salt and drought tolerance in 
transgenic tobacco. Environ Exp Bot. 2018;150:25–36.

43.	 Chronakis IS, Madsen M. 14-Algal proteins. In handbook of food proteins. Woodhead Publishing Series in Food Science, 
Technol Nutr. 2011, pp. 353–94.

44.	 United Nations. (2015) Transforming our world: The 2030 Agenda for Sustainable Development. Resolution adopted by 
the General Assembly on 25 September 2015, A/RES/70/1. Geneva.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s11274-025-04363-1

	﻿Special attention to the relevance of lipids and proteins from oats and algae for the future of food and nutraceuticals
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Plant lipids and proteins in food sciences
	﻿3﻿ ﻿Lipids and oils from oat and other different species of plants
	﻿3.1﻿ ﻿Importance of plant lipids as sources of some nutrients
	﻿3.2﻿ ﻿Lipid fractions of other plant species

	﻿4﻿ ﻿Proteins and enzymes from different species of plants
	﻿4.1﻿ ﻿Oat enzymes
	﻿4.2﻿ ﻿Selected proteins from other species of plants

	﻿5﻿ ﻿Aquatic plants: food of the future
	﻿6﻿ ﻿Conclusion and prospects for future works
	﻿References


