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Abstract 

Oilseed cake is a potential by-product with a rich nutrient profile that can be used to develope value-added prod-
ucts. Flaxseed cake (FC), a by-product of flaxseed oil extraction, has gained considerable attention due to its diverse 
nutritional profile, bioactive constituents, and potential health benefits. It is an economical source of various bioac-
tives, especially proteins, alpha-linolenic acid, lignan, flaxseed gum, and dietary fiber with potential health benefits. FC 
also contains residual fat which is a rich source of omega-3 fatty acids. Its high protein content and non-toxic nature 
make it a potential ingredient for use in human nutrition.

This review paper provides an overview of the nutritional profile of FC which includes macro and micronutrients 
as well as bioactive components such as lignans, phenolic compounds, and antioxidants along with their health-
promoting properties. Due to the presence of antinutrients, processing is required for flaxseed cake which has been 
discussed. Furthermore, the health benefits linked to the consumption of FC are scrutinized.

Despite the positive attributes of FC, antinutrients namely cyanogenic glycosides, phytic acid, and tannins could 
restrict the absorption of nutrients. Several processing methods such as soaking, steaming, and fermentation have 
been proven to be beneficial in improving the nutritional quality of oilseed cake and the bioavailability of nutrients.

Highlights 

• Flaxseed cake is a by-product of the oil industry.

• Protein, fiber, residual oil (PUFA), polyphenols, flavonoids, and antioxidants are the major components comprising 
the profile of flaxseed cake.

• Secoisolariciresinol diglucoside (lignans) are present in abundance in flaxseed cake.

• Processing treatments help to inactivate cyanogenic glycosides which are the major antinutrient in flaxseed cake.

• Feasibility of utilizing flaxseed meal as a potential nutrient-dense by-product in different food has been well 
explored.
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Introduction
Globally, a substantial quantity of oilseed crop was 
approximately 580 million tonnes in the year 2017–2018 
(Singh et  al., 2022). The production and processing of 
oilseed crops lead to the generation of agro-industrial 
by-products (Mannucci et  al., 2019). India is one of the 
major oilseed crop producers that simultaneously pro-
duce oilseed cake after the oil extraction process. In the 
year 2016, 317  million tonnes of OSC was produced. 
Projections indicate that by the year 2025, it is antici-
pated to increase to 386  million tonnes (Kaur et  al., 
2021). Oilseeds, an essential crop, play a prominent role 
in augmenting the human diet with high-quality lipids, 
proteins, and fibers. A flow chart of the oil extraction 
process is shown in Fig. 1. Various oilseed cakes, includ-
ing soybean, groundnut, rapeseed, sunflower, cottonseed, 
and flaxseed, possess considerable nutritional value but 
are predominantly utilized as animal feed (Stodolak et al., 
2017). OSCs can also function as a source of antioxidants 
that can be consumed by humans after processing. Addi-
tionally, OSCs also serve as valuable substrates for the 
extraction of bioactive compounds, surfactants, enzymes, 
and vitamins. Despite having a rich nutritional profile, 
oilseed cake also contains antinutrients. Some non-edi-
ble oilseed cakes such as neem, mahua, and castor have a 
restricted role as agricultural manure (Gupta et al., 2019). 
OSC can serve as an exceptional starting point for the 

production of plant-based foods that are rich in protein, 
dietary fiber, and antioxidants (Kaur et al., 2021). OSC is 
an affordable by-product that is available throughout the 
year. Moreover, it may serve as a suitable raw material for 
the development of different food products with higher 
nutritional content along with mitigating the burden of 
industrial waste.

Flaxseed (Linum usitatissimum L.) also called lin-
seed is an oilseed and its global production is 1.2 mil-
lion tonnes (Łopusiewicz et  al., 2021). As shown in 
Fig. 2, there has been an increase in the production of 
flaxseed in the past five years. There are two different 
varieties of flaxseed from which oil is extracted namely 
fiber flaxseed and oil flaxseed. Flaxseed oil which con-
sists of polyunsaturated fatty acids, monounsaturated 
fatty acids, and saturated fatty acids, is obtained after 
seeds are pressed (Goyal et al., 2014; Sun et al., 2021). 
In addition, flaxseed oil contains fat-soluble vitamins: 
vitamin A (carotenoids, 57 ppm) and E (tocopherols, 
20–70  mg/100  g) (Mohanan et  al., 2018). The cold-
press technique of oil extraction is one of the tech-
niques used to expel oil. Cold-pressed flaxseed cake 
(FC) has relatively high levels of soluble fiber, high-
quality protein, lignans, minerals, and residual oil 
which provides health benefits to humans if incorpo-
rated in food (Poreda et  al. 2017). The abundance of 
important fatty acids, particularly alpha-linolenic acid 
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Fig. 1  Flow-chart showing the processing steps for oilseeds

Fig. 2  Production scenario of flaxseed in past years in India, Canada, the United States of America, China, and the United Kingdom. (FAOSTAT, 
https://​www.​fao.​org/​faost​at/​en/#​data/​QCL/​visua​lize)

https://www.fao.org/faostat/en/#data/QCL/visualize
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and, linoleic acid which are present in residual oil, 
makes FC suitable for incorporation into a variety of 
food products (Teh & Birch, 2014a, 2014b). The envi-
ronmental and genetic variables affect the nutritional 
profile of flaxseed while processing procedures have 
an impact on the composition of FC (Kajla et al., 2017). 
The milling conditions and the techniques used at the 
time of pressing, relative temperature, and humid-
ity of the mill could cause fluctuations in the mois-
ture content of the seeds which affects the oil as well 
cake (Ogunronbi et  al., 2011). Unlike in the soybean 
industry where, after oil is extracted from soybean, 
soybean oil cake is defatted and used to develop value-
added protein, in the flaxseed oil industry, defatted 
FC is either discarded or utilized in animal feed. Due 
to a lack of knowledge concerning the potential uses 
for the cake and the presence of antinutrients such 
as phytates and cyanogenic compounds, FC is over-
looked. Although FC has a robust nutritional profile, 
it also carries several kinds of antinutritional com-
pounds. The protein and carbohydrate fractions of FC 
possess various functional properties such as water 
binding capacity, oil holding capacity, and emulsifica-
tion capacity (Bekhit et al., 2013). This review aims to 
provide insights regarding the nutritional composition, 

anti-nutritional factors, removal of anti-nutrients by 
different processing techniques, applications in vari-
ous food products, and corresponding health benefits 
of these products. The network visualization of the 
content is shown in Fig. 3.

FC‑ a by‑product and waste management 
through circular economy
The current economic model is based upon an unsus-
tainable approach of the grow-use-dispose principle. 
An increase in human activities causes post-industrial 
global issues that negatively affect the ecosystem. These 
problems include mismanagement as well as overexploi-
tation of natural resources and unsustainable consump-
tion patterns (Ancuţa & Sonia et al. 2020). To resolve the 
issues regarding waste management, the application of 
a circular economy-based model is necessary which can 
be accomplished by using the resources wisely and elimi-
nating the concept of waste along with the supply chain. 
Any substance disposed of by any industry is known as 
waste. A potential approach for the efficient utilization of 
waste involves maximizing the concentration of valuable 
products during extraction (Ancuţa & Sonia et al. 2020; 
Borrello et al., 2017; Esposito et al., 2020). An inclination 
towards plant-based foods which have potential health 

Fig. 3  Network visualization of bibliographic coupling
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benefits as well as no harmful effect on the environment 
has been observed. These include plant-based sources of 
protein which may come from food waste. For example: 
banana peels, pineapple peels, spent grains, and many 
more can be used as novel raw materials for the produc-
tion of various metabolites using different technologies 
(Tachie et  al., 2023). As the world’s population grows 
it is expected that both the production of food and the 
associated waste will increase. An increase in waste pro-
duction might have negative effects on the environment 
and economy. Managing food waste in the 21st century 
has become one of the major concerns. According to 
the FAO, one-third of the food produced is wasted. The 
primary issue, however, is that the extent of food waste 
and its effects have not been thoroughly researched and 
quantified. After a complete understanding of food waste 
is reached, informed policies and strategies are aimed at 
reducing food waste can be developed (Tamasiga et  al., 
2022). Food waste is estimated to be responsible for 8% 
of the world’s greenhouse gas emissions, which in turn 
contributes to the increase in global temperature (Vilar-
iño et  al., 2017). Although consumption is one of the 
most crucial components of every economy, particularly 
those that are developing, it is becoming increasingly 
prevalent in today’s society and frequently leads to food 
waste. Food waste is a multifaceted problem which is a 
current intense issue, especially for society, the economy, 
and the environment. The notion of a circular economy 
is noteworthy because when properly used, it may mini-
mize the problem of food waste, which can be viewed 
from an economic, social, or environmental point of view 
(Dudziak et al., 2022). By strategically utilizing FC in the 
framework of a cirlar economy, a holistic approach can 
be followed. This may involve the application of vari-
ous techniques and repurposing the oil cake into food 
products, which would not only minimize the waste but 
also enhance the efficiency of resource utilization. The 
flaxseed oil industry’s use of circular economy concepts 
exemplifies the harmonious fusion of environmental 
management, economic viability, and innovation, high-
lighting the possibilities for sustainable development and 
minimal ecological effects.

Nutritional composition of FC
Flaxseed is known to be a ‘superfood’ and is recognized 
as GRAS. Flaxseed, an oilseed is recognized as a func-
tional food by virtue of its nutritional profile and various 
health benefits (Frag et al. 2020). The proximate composi-
tion of oil cake depends upon the geographical location 
of the crop grown as well as seed processing. In addition 
to possessing a high protein content, FC also contains 
water-soluble fiber components, which contribute to its 
nutritional value (Russo & Reggiani, 2016; Mueller et al., 

2010). Food products incorporated with FC may exhibit 
improved nutritional properties and better functional 
properties (Bekhit et  al., 2013). The industrially cold 
pressed cake contains high residual oil, moderate protein 
levels, and low moisture levels (Oomah, 2020). FC con-
sists of 36% protein (from which 85% is digestible) and 
7–10% residual oil. Table 1 shows the complete composi-
tion of FC and its comparison to soybean oil cake. The 
above-mentioned properties make FC a significant by-
product of the oil industry that could be employed as an 
ingredient in different food products (Singh et al., 2022).

Macronutrients
Protein
The major protein fraction of flaxseed proteins is called 
linin which is made up of five polypeptide subunits. The 
minor protein fraction is called conlinin which has a sin-
gle polypeptide chain. Major proteins  compromise 66% 
and minor proteins compromise 20–42% of the seed pro-
teins. In addition, these various structurally small pro-
teins (low molecular weight) are also found in flaxseed 
(Waszkowiak & Mikołajczak, 2020). Flaxseed consists of 
two storage proteins, which are salt soluble (high molec-
ular weight) and others are water-soluble (low molecular 
weight) (Mueller et al., 2010). Both salt and water-soluble 
proteins are present in approximately equal concentra-
tions (Wanasundara et  al., 1999). Flaxseed globulin is 
composed of at least five subunits with molecular masses 
ranging from 11 to 61  kDa connected by disulfide link-
ages and has an overall molecular mass of approximately 
320  kDa and an isoelectric point of approximately 4.75 
(Łopusiewicz et  al., 2020). Flaxseed proteins are rich in 
amino acids such as arginine, aspartic acid, and glutamic 
acid. Additionally, amino acids including lysine, leucine, 
and valine are present in FC. In addition to protein nitro-
gen, FC contains non-protein nitrogen in the form of 
vitamins, sinapine, choline, and cyanogenic glycosides 
(Bekhit et al., 2013). The protein content increases after 
the defatting of the cake (Rani & Badwaik, 2021). The 
extraction of protein from flaxseed is challenging due to 
the presence of mucilage which is a highly viscous ani-
onic polysaccharide accounting for 8% of total dry mass. 
To enhance the effectiveness of protein extraction FC 
can be soaked in warm water or treated with enzymes 
for removal of mucilage thereby optimizing the protein 
extraction process (Sun et al., 2021).

Lipids
Flaxseed characterized by an oil content ranging 
from 20 to 40% has received substantial attention 
due to its superior nutritional profile. Approximately 
58.03% linolenic acid is present in flaxseed oil (Zhang 
et al., 2011a, 2011b). Flaxseed oil is a conglomerate of 
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saturated fatty acids (9%), monounsaturated fatty acids 
(18%) and polyunsaturated fatty acids (73%) which 
are present at low, moderate and high concentrations 
respectively (Gutte et al., 2015). Flaxseed oil is consid-
ered a rich source of omega-3 fatty acid (Zhang et  al., 
2011a,  2011b). Apart from their use in cooking and 
other culinary purposes, various oils are used in the 
raw form as salad dressing. Currently flaxseed oil is 
utilized in various food products because of its distinc-
tive flavor (Sun et al., 2021). FC has high levels of ALA 
(alpha-linolenic acid), which is an essential fatty acid 
(Zhang et  al., 2011a,  2011b). ALA plays an important 

role in human development. It also has various biologi-
cal effects such as preventing coronary heart disease, 
diabetes, some autoimmune diseases and some type 
of cancer (Gallardo et  al., 2014). ALA has also been 
proven to be a powerful anti-inflammatory agent that 
can lower serum cholesterol levels (Zhai et al., 2019).

Dietary fiber
Dietary fiber is present in soluble and insoluble forms 
in FC. Insoluble dietary fibers found in FC include lig-
nan, cellulose, and hemicellulose. It contains approxi-
mately 30% of dietary fibers which are mostly water 

Table 1  Comparison between the composition of flaxseed and soybean oil cake

Component Concentration (%) References

Flaxseed Soybean

Carbohydrate 34–40 14.98–30.75 Singh et al. (2011); Stodolak et al. (2013); Zamindar et al. (2017)

Moisture 6–10.65 8.4–11.3 Gutiérrez et al. (2010); Ogunronbi et al. (2011); Tirgar et al. (2017); Hady & 
Elsorady (2020); Zamindar et al. (2017)

Protein 27.78–38.4 39.8–47.42 Gutiérrez et al. (2010); Ogunronbi et al. (2011); Oomah (2020); (Tirgar 
et al., 2017; Hady & Elsorady (2020); Zdunczyk et al. (1999); Tamasgen 
et al. (2021)

Amino acids Mohamed et al. (2020); Ibáñez et al. (2020)

Arginine 13.97 6.92–7.69

Cysteine 0.17 1.26–1.65

Histidine 6.96 2.54–3.11

Isoleucine 6.26 3.92–5.73

Leucine 4.92 7.21–7.98

Lysine 2.70 5.51–6.60

Methionine 2.88 1.26–1.52

Phenylalanine 4.29 4.86–5.41

Threonine 6.94 3.31–4.09

Valine 3.96 4.23–5.22

Fat 10–29.37 0.55–1.53 (Ogunronbi et al., 2011)

Total Dietary fiber 7.20–54.45 4.4–12.4 Gutiérrez et al. (2010); Ogunronbi et al. (2011); Tirgar et al. (2017); Hady & 
Elsorady (2020)
Gutiérrez et al. (2010); Ogunronbi et al. (2011); Oomah (2020); Ganorkar 
et al. (2016)
Khare et al. (2021); Zdunczyk et al. (1999); Tamasgen et al. (2021)

Soluble dietary fiber 7.81–10.15 -

Insoluble dietary fiber 18.20-22.85 -

Ash 3.40–10 6.1–7.8 Gutiérrez et al. (2010); Ogunronbi et al. (2011); Oomah (2020); Tirgar et al. 
(2017) Zdunczyk et al. (1999); Tamasgen et al. (2021)
Ogunronbi et al. (2011);
Batal et al. (2010); Kolláthová et al. (2019)

Mineral element
Macro minerals

Concentration
(g/kg)

Na 0.34 0.23

Ca 3.61 3.49

Mg 4.41 2.09

P 9.52 6.08

K 12.41 20.47

Micro minerals Concentration
(mg/kg)

Mn 13.73 25.62

Zn 48.60 44.77

Cu 17.75 14.68
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extractable one-third of which are viscous. The dietary 
fibers present in FC are made up of heterogeneous pol-
ysaccharides. These polysaccharides are composed up 
of a mixture of neutral arabinoxylans and acidic rham-
nose (Basiri et  al., 2018). These dietary fibers induce 
satiety, postprandially as they suppress the ghrelin hor-
mone (Ibrügger et al., 2012). The abundant mucilage in 
flaxseed cake can be freeze-dried or vacuum-dried and 
then stored to create a stable powder that can be uti-
lized as an emulsifier and thickener in the food indus-
try. The main constituents of the soluble fiber fraction 
are mucilage gums, while the insoluble fiber fraction 
mostly consists of cellulose and lignin (Bongartz et al., 
2022). Monosaccharides from FC are composed of a 
mixture of polymers namely; arabinoxylans, galac-
tose and fructose. The dietary fiber present in flaxseed 
and its cake is in the form of mucilage which helps to 
ensure a well-functioning gut by functioning as a prebi-
otic (Kristensen et al., 2012).

Minerals
Minerals are micronutrients that are consumed through 
the diet. Minerals play a vital role in the metabolism of 
some major biological processes and, minerals also play 
a vital role in osmotic pressure and acid-base regulation 
in the human body. Both macro and micro minerals are 
present in flaxseed. In macro minerals, magnesium is 
present in the highest concentration followed by potas-
sium and sodium, whereas for micro minerals zinc is pre-
sent in the highest concentration followed by manganese, 
copper, and iron (Kaur et  al., 2017). Compared with oil 
cakes such as soybean, nigella, groundnut, and mustard 
seed FC is high in minerals such as phosphorous (9.52 g/
kg), potassium (12.41  g/kg), manganese (13.73  mg/kg), 
copper (17.75 mg/kg) (Kolláthová et al., 2019).

Bioactives from flaxseed cake
The utilization of oil cake obtained after extraction 
depends upon the origin and constituents present in the 
oilseed. FC is a rich source of valuable components such 
as leftover proteins, fibers, and lipids. Residue of extrac-
tion process, contains secondary metabolites, especially 
phenolic acids and flavonoids. During the oil extraction 
process components such as tocopherols and phospho-
lipids (partially) are removed whereas during the extrac-
tion process, the phenolic content does not decrease 
because there is a high content of phenolic compounds in 
the oil cake (Marczak, 2014). The concentration of phe-
nolic acids and lignans in the defatted flaxseed increases 
when the oil is removed before extraction. Most phe-
nolic compounds and antioxidants are bound to the cell 

so they remain insoluble in lipids and do not migrate to 
oil during the pressing of oilseeds (Singh et al., 2022). In 
some of the studies, it is observed that owing to the pres-
ence of a bioactive component, FC has a powerful anti-
oxidant effect. The bioactive components of FC must be 
utilized and its overall utilization value must be increased 
(Sanmartin et al. 2020).

Polyphenols
Polyphenols are insoluble and are present in vacuoles, 
lipoprotein bilayers, lignin, hulls, and cell walls (Gutiér-
rez et al., 2010). Phenolic acids occur as esters, glycosides, 
and other bound complexes in plants. However, heating 
processes such as roasting weaken the covalent bond 
that binds the phenolic compounds to cell walls which 
in turn increases the extractable phenolic compounds 
(Zhang et al., 2023a, 2023b, 2023c). Total phenols found 
in methanolic extracts of flaxseed cake (1.728  mg/g) is 
found to be higher than those found in flaxseed whole 
(1.538  mg/g) (Quezada & Cherian, 2012). Table  2  sum-
marizes the phenolic compounds in flaxseed cake. With 
a substantial concentration of acids such as chlorogenic 
acid, ferulic acid, coumaric acid, and p-hydroxybenzoic 
makes up the majority of the phenolic acids in flaxseed. 
Major phenolic acids present in FC are chlorogenic acid, 
ferulic acid, and gallic acid. Other, less prevalent phe-
nolic acids include p-coumaric acid glucosides, cinnamic 
acid, caffeic acid hydroxycinnamic acid glucosides, and 
4-hydroxybenzoic acid (Ganorkar et  al., 2016; Teh & 
Birch, 2014a, 2014b). These phenolic acids also exhibit 
antioxidant activity which is linked to the arrangement 
of hydroxyl group on ring (Barthet et al., 2014). The phe-
nolic content extracted from FC differs due to differences 
in the extraction process. A high total phenolic content 
of HPC (hot pressed cake) extract may be due to the 
chemical reaction of plant tissues caused by heat treat-
ment, which alters the structure of lignocellulose and 

Table 2  Phenolic compounds of flaxseed cake

Phenolic acids Concentration 
(mg/100 g)

References

Caffeic acid 49.53 Farag et al. (2012)
Özkaynak (2017)Chlorogenic acid 77.12

Myricetin 28.94

Querecetin 18.45

Kaempferol 13.27

Free phenolics (mg ferulic 
acid /100 g defatted cake)

784.78

Esterified phenolics (mg 
ferulic acid /100 g defatted 
cake)

1522.69
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Table 3  Antioxidant potential of flaxseed cake

Component Antioxidant Assessment Method Major findings References

Defatted flaxseed extracts
Non- Defatted flaxseed extracts

DPPH
FRAP

-DPPH radical levels ranged from 19.7 
to 76.1% and 28.7–76.3% for defatted 
and non-defatted flaxseed extracts respec-
tively.
-Non-defatted extracts had higher scaveng-
ing activity The DPPH scavenging activity 
increased with extract concentration.
-The FRAP values for defatted and non-
defatted flaxseed extracts were found to be 
0.058 and 0.062 mmol TE/g, respectively. 
Non-defatted extracts showed lower ferric 
reducing capacity
The antioxidants in flaxseed oil lowers DPPH 
capacity of defatted flaxseed

Brodowska et al. (2014)

Flaxseed cake extract β- carotene coupled oxidation
DPPH
Reducing antioxidant
BHT was used as a control.

-The β-carotene coupled oxidation value 
(73.52%), DPPH value (55.28%), and reduc-
ing antioxidant value (4240 µg/g) of flaxseed 
cake extract strongly suggest its antioxidant 
power.
-For β-carotene coupled oxidation 
and DPPH
when compared to BHT (82.91% 
and 61.72%), the value of the extract 
is slightly lower. For reducing antioxidants, 
the value for flaxseed extract was found 
to be significantly lower.

Akl et al. (2020)

Flaxseed extracts
(from different varieties)

DPPH(g/L)
ABTS (mmol Trolox/g)
FRAP (mmol FeSO4 /g)
Chelating activity (g/L)

-The ethanolic extracts contained 6–11 
times higher phenolics when compared 
to the aqueous extracts. The ethanolic 
extraction is more selective than aqueous 
extraction for phenolic compounds. A simi-
lar trend was found in the case of DPPH 
and ABTS assays as ethanolic extracts were 
5-8.5 and 7.5-9 times higher than the aque-
ous extracts, respectively.
-The difference in the values of different 
extracts is due to the contents of phenolics.

Waszkowiak et al. (2015)

Flaxseed cake extracts from-
Hot-pressed cake (HPC)
Cold-pressed cake (CPC)
n-Hexane cake (HC)
Supercritical CO2 cake (SCC)
Subcritical n-butane cake (SBC)

DPPH
FRAP
ABTS
Reducing power

-The DDPH scavenging activity of HPC 
was found to be highest followed by CPC, 
SCC, SBC, and HC. Bound phenolics are 
generally released upon heating which justi-
fies the highest value of HPC. Also, the DPPH 
scavenging activity of pressed cake extract 
was twice as compared to solvent-extracted 
cakes.
-The FRAP values were in a sequence 
of highest to lowest as-HPC followed 
by SCC, SBC, CPC, and HC. The higher 
the FRAP value, the higher the antioxidant 
capacity. FRAP values of press cakes were 
higher than solvent-extracted cakes.
-HPC showed the highest values for scav-
enging ABTS free radicals.
-HPC extract showed the highest total 
reducing power. The extracts of pressed 
cakes possess reducing agents when com-
pared to solvent-extracted cakes.

Zhang et al. (2023a, 2023b, 2023c)
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increases the availability of phenolic chemicals in plant 
extracts. Phenolic extracts of supercritical extracted cake 
were found to be more than hot pressed as in supercriti-
cal fluid extraction diffusion coefficient as well solubility 
of phenolics increased (Sanmartin et al. 2020). Flaxseed 
cake (FC) exhibits antioxidant activity due to the sub-
stantial amount of phenolics present in it (Hao et  al., 
2020). The antioxidant potential of FC can be assessed 
through various methods such as DPPH (1,1-Diphenyl 
2-picrylhydrazyl), FRAP (Ferric reducing ability power), 
and ABTS (2.2´-azino-bis(3-ethylbenzothioazoline-
6-sulphonic acid) (Table 3). DPPH act as a scavenger of 
the free radical (Terpinc et al., 2012), FRAP assay is based 
on the reduction ability to convert Fe(III) to Fe(II) at pH 
3.6 (Teh et al., 2014a, 2014b) and ABTS assay is based on 
radical decolorization (Marczak, 2014).

Flavonoids
Flavonoids are a group of secondary plant metabolites 
with potential antioxidant activity that prevent the oxi-
dative deterioration of food. The accumulation of flavo-
noids in plants depends upon various factors such as the 
presence of enzymes required in the flavonoid pathway, 
the supply of amino acids, and much more (Oomah et al., 
1996a, 1996b). Flavonoids are a category of plant pheno-
lics, that are composed of two aromatic rings connected 
by a 3-carbon bridge in a heterocyclic arrangement. The 
flavonoids present in FC are flavanols, flavones, and fla-
vanones. These compounds act as strong reactive spe-
cies scavengers, that act as signal molecules as protective 
measures against pathogens. The flavonoid content in the 

methanolic extract of flaxseed is found to be 1.7  mg/g 
whereas in flaxseed cake is 2.8 mg/g (Quezada & Cherian, 
2012). The content of flavonoids is higher in the extract 
of pressed cake as compared to solvent-extracted cakes. 
Flavonoids are polar substances retained in pressed cakes 
during oil production. There is a weak relation between 
the flavonoid content and oil content in flaxseed.

Lignans
Lignans are phytoestrogens found as minor elements 
that are responsible for the development of plant cells. 
Lignans are made up of two units of phenylpropane. 
Lignans are phytochemical compounds that have anti-
carcinogenic and antioxidant properties. SDG scav-
enges free radical activity which leads to the antioxidant 
potential of flaxseed cake. SDGs can make complex 
divalent transition metal cations that are responsible 
for the health-promoting effects (Prasad, 1997). Lig-
nans are the major polyphenols present in the extract 
of defatted FC (Teh & Birch, 2014a, 2014b). When SDG 
is ingested, it is not present in circulation rather it is 
metabolized into its metabolites enterodiol and entero-
lactone. Due to ester linkages with 3-hydroxy-3-methyl 
glutaric acid (HMGA) and glycosidic linkages with phe-
nolic substances, such as hydroxycinnamic acid deriva-
tives and herbacetin diglucoside, lignans found in FC 
are oligomers. Lignan is composed of monomeric units 
of SDG which has high biological activity as it has anti-
oxidant and anti-inflammatory properties that prevent 
cardiovascular diseases and other metabolic syndromes 
(Tavarini et  al., 2021). Flaxseed and FC are consid-
ered the richest plant sources of the lignan precursor, 

BHT(butylated hydroxytoluene)

Table 3  (continued)

Component Antioxidant Assessment Method Major findings References

Flaxseed cake(FSM) extract
Flaxseed cake extract

DPPH (mmol TE/g)
ABTS (mmol TE/g)
FRAP (mmol TE/g)
DPPH

-Methanol (high polarity) and ethyl 
acetate (low polarity) were used as solvent 
for extraction. The value of DPPH for metha-
nolic extracts of FSM is three-fold higher 
than the ethyl acetate extracts. ABTS values 
of methanolic extracts of FSM were twice 
as compared to flaxseed.
-For flaxseed cake, the FRAP value of metha-
nolic extracts was eight times higher 
than that of ethyl acetate extracts.
-Extracts made with 60% and 80% ethanol 
showed 21.22% and 72.95% scavenging 
activity whereas a 100% ethanolic extract 
showed ineffective results. Also, hydrolyzed 
extracts showed double values of scaveng-
ing activity due to the breakage of linkages 
and deglycosylation of phenolic com-
pounds. Natural antioxidants and flaxseed 
cake extract showed comparable values 
for radical scavenging activities.

Quezada and Cherian (2012)
Pag et al. (2014)
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secoisolariciresinol diglucoside (SDG) (Rudra et  al., 
2021). Lignans present at minor levels include mataires-
inol and pinoresinol (Williams et  al., 2007). Lignans 
are known to exhibit antioxidant potential due to their 
properties to scavenge free radicals such as hydroxyl 
ions. Flaxseed lignans have a higher antioxidant poten-
tial as compared to vitamin E (Khattab et al. 2012).

Amino acids and bioactive peptides
The majority of studies highlight the benefits of flaxseed 
for human health such as ALA-rich flaxseed oil, flaxseed 
lignans, and soluble polysaccharides whereas the pro-
tein component remains underutilized. Dietary nitrogen 
which is assimilated in humans in the form of small pep-
tides has various physiological activities. Food proteins 
can generate bioactive peptides that are known to have 
a positive influence on the human body. Currently, there 
is much research and understanding of how dietary pro-
teins might produce bioactive peptides. Bioactive pep-
tides are unique protein fragments that have a positive 
impact on the overall health (Wanasundara, 2008).

Anti‑nutritional factors in FC and their mitigation 
strategies
FC contains several antinutrients that can be minimized 
by various processing methods, such as boiling, fer-
mentation, and pelleting (Ogunronbi et  al., 2011). After 
the extraction of flaxseed oil, protein and fiber frac-
tions of flaxseed are concentrated (Drozłowska et  al., 

2020a,  2020b). FC is considered a source of nutritional 
compounds such as proteins, lignans, and fibers. In addi-
tion, various anti-nutrients such as linustatin, neolinusta-
tin, linamarin, and lotaustralin are also present in FC and 
are known to be cyanogenic glycoside compounds (Russo 
& Reggiani, 2016). These antinutrients increase as the oil 
is extracted which can act as a potential health risk fac-
tor if consumed directly. The primary anti-nutrient pre-
sent in flaxseed is cyanogenic glycoside (Sun et al., 2021). 
Another anti-nutrient present in FC is phytic acid. Both 
flaxseed (whole) and FC have cyanogenic compounds. 
The cyanogenic compounds release cyanide in the 
human gut by acid-catalyzed hydrolysis or hydrolysis by 
endogenous seed enzymes (Bacala & Barthet, 2007). Var-
ious processing methods have been proven to be effective 
in removing anti-nutrients of FC and depicted in Fig. 4.

Cyanogenic glycosides (CGs)
Cyanogenic glycosides are the main antinutritional fac-
tors present in flaxseed that are concentrated in the cake. 
When cyanogenic glycosides are digested, hydrogen cya-
nide is formed which can cause acute toxicity in adults. 
Cyanogenic compounds are nitrogenous secondary plant 
metabolites derived from valine and isoleucine which can 
cause chronic effects if ingested in high quantities (Russo 
& Reggiani, 2016), synthesized through tonoplast glyco-
syltransferase that accumulates in vacuoles. After the cell 
structure is ruptured cyanogenic glycosides decompose 
to hydrogen cyanide which is catalyzed by β-glucosidase 

Fig. 4  Different processing methods for removing antinutrients from flaxseed (whole) and flaxseed cake
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and α-hydroxy nitrile lyase (Russo & Reggiani, 2014). Due 
to the intestinal β-glucosidase activity, cyanogenic glyco-
sides liberate toxic HCN which is known to have a toxic 
effect on the respiratory, nervous, and endocrine systems 
(Zhai et al., 2019). Cyanogenic glycosides are known to be 
composed of α-hydroxy nitrile-type aglycon and a sugar 
part (glucose or gentobiose) (Russo & Reggiani, 2016). 
Additionally, cyanogenic glucosides are unstable at low 
temperatures (Mannucci et al., 2019). Cyanide decreases 
the bioavailability of iron, manganese, or copper ions 
because it can bind minerals. Flaxseed contains cyano-
genic compounds in the range of 264–354 mg per 100 g 
of seeds. Due to damage to plant tissue and the presence 
of the enzyme, linase, cyanogenic compounds can pro-
duce 100–300  mg/kg hydrocyanic acid (HCN) (Imran 
et al., 2013). According to previous studies 100 mg of CG, 
if consumed might be toxic to human health (Russo & 
Reggiani, 2016). These compounds can be removed par-
tially by microwave treatment, autoclaving, and boiling 
of seeds (Russo & Reggiani, 2016). Cyanogenic glycosides 
are further fractioned into linustatin and neolinustatin. 
Linatine, another anti-nutrient binds to vitamin B6 and 
reduces its absorption which in turn causes its deficiency 
in humans (Teh & Birch, 2014a, 2014b). If consumed, 
these compounds form a complex with ferric ions of 
mitochondrial cytochrome oxidase and cause acute or 
chronic intoxication which leads to abnormal respiration 
and nervousness. FC contains relatively high concentra-
tions of hydrogen cyanide (HCN) which has been proven 
to be a potent respiratory inhibitor (Feng et  al., 2003). 
Vomiting, nausea, dizziness, arrhythmias, headache, and 
difficulty in vision are some of the symptoms caused by 
acute intoxication caused by cyanogenic glucoside. CG is 
found not only in flaxseeds but also in cassava (linustatin, 
limarin), passiflora (neolinustatin), wheat, and oat (lin-
amarin) (Russo & Reggiani, 2014).

Phytic acid
Phytates are the primary phosphorus storage form in 
plants. Mineral absorption is hampered by phytic acid. 
Minerals and proteins are electrostatically bound in 
complexes by a highly charged phytic acid molecule, 
reducing their bioavailability (Poreda, 2017). Phytic acid 
is the primary form of stored phosphate and is a natu-
rally occurring plant inositol hexaphosphate that is fre-
quently detected in seeds. The phytic acid content in 
flaxseed depends upon the season and geography (Zhang 
et  al., 2023a, 2023b, 2023c). Phytic acid forms insoluble 
complexes with metals such as calcium, magnesium, 
zinc, copper, iron and molybdenum which hinders their 
absorption by the gastrointestinal tract. In addition, vari-
ous mineral and protein complexes with phytic acid are 
formed which then decreases their bioavailability. Phytic 

acid strongly affects the bioavailability of various miner-
als. In defatted and dehulled oilseed cakes made from 
oilseeds including soy, peanut, and sesame, phytic acid 
accounts for approximately 1.5%. In flaxseed, the con-
centration of phytic acid ranged from 23  g/kg to 33  g/
kg. Phytin extracted from flaxseed flour accounts for 
13% of organic phosphorus. Approximately 70% of the 
total phosphorus is present in the form of phytic acid 
(Oomah et  al., 1996a, 1996b). Proteins and starch may 
also directly interact with phytic acid, reducing its solu-
bility and digestibility (Farag et  al. 2012; Oomah et  al., 
1996a, 1996b).

Tannins
Tannins are categorized as phenolic compounds with 
molecular weights of 500–3000 Da. Tannins are water-
soluble compounds that are found in vacuoles and can 
bind with protein and form soluble or insoluble tannin-
protein complexes. Based on their structure and molec-
ular weight, tannins can be divided into two categories, 
namely condensed and hydrolyzable tannins. The com-
mercial use of flaxseed is limited due to the presence of 
various toxic compounds, including tannins, which not 
only decrease micronutrient bioavailability but also hin-
der the protein digestibility. Additionally, tannins are 
compounds that impart an astringent taste to the oil 
cakes (Imran et al., 2014).

Effect of processing methods on flaxseed (whole) 
and FC
It has been scientifically proven that proper process-
ing operations are required to remove the antinutrients 
present in FC to make it suitable for human consump-
tion (Bekhit et  al., 2018). Some methods of removing 
antinutrients are enzymatic hydrolysis, fermentation, 
roasting, microwave, and extrusion. Heating processes 
such as steaming and boiling can reduce the antinutri-
ent factors (Xu et al., 2022). High temperature and short 
time combinations used in extrusion technology are 
employed to reduce the concentrations of anti-nutrients 
in soybean, canola and cottonseed (Imran et  al., 2013). 
The extraction process is not sufficient to remove cya-
nogenic compounds completely, apart from the fact that 
some beneficial compounds are also removed during the 
extraction process (Zhai et  al., 2019; Yamashita et  al., 
2007). The process of heating decreases the nutritional 
value and it is difficult to remove residual solvent through 
the solvent extraction process. Fermentation is known to 
be the ideal treatment for the removal of antinutrients. 
The fermentation process has been known to decrease 
the HCN content (Zhai et al., 2019). Fermentation is also 
known to increase phenolic content, radicle scavenging 
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activity and bioavailability (Stodolak et  al., 2017), (Zhai 
et  al., 2019). When Aspergillus niger and Candida utilis 
were used in combination, HCN levels decreased and 
nutritional content was more bioavailable because of the 
utilization of cyanide compounds by these microorgan-
isms (Zhai et al., 2019). Other physical methods are also 
employed to remove the antinutrient factors to accept-
able levels. The effects of different processing methods on 
antinutrient factors of FC and flaxseed (whole) are pre-
sented in Table 4.

Functional properties
Research on the nutritional qualities and potential appli-
cations of protein from affordable, underutilized high-
protein oilseeds and legumes has become important due 
to the rising costs and insufficient availability of animal 
proteins. To facilitate their incorporation into food for-
mulations, protein flours from unique sources must 
exhibit the required interaction characteristics with 
other food components (Khattab & Arntfield, 2009). The 
nitrogen solubility of different protein-rich products is 
regarded as a reliable indicator of functional proper-
ties. Different solvents are used to extract them which 
significantly affects the functional properties as hexane-
extracted cakes showed 9.7 times higher adsorption of 
water than their weight. It was also observed that hex-
ane-extracted cake adsorbed 2.6 times more soybean 
oil than their original weight whereas cakes extracted 
with methanol-ammonia-water increased fat adsorption 
capacity by 3.2 times (Wanasundara & Shahidi, 1994). 
To develop processed foods such as baked goods, sauces, 
soups, and similar food products with improved quality 
and yield, several functional qualities are crucial. Com-
pared with mustard and soybean oil cake, FC has the 
highest oil absorption capacity (OAC). The OAC depends 
upon the hydrophilicity of the protein and its retention 
for binding to lipids. Bulk density depends on the inter-
molecular forces, which are essential for wet processing 
and development of new products. FC and the defatted 
cake had moderate bulk densities. Foaming capacity is 
always related to the content of soluble protein as well as 
polar and non-polar lipids in any matrix, FC accounts for 
a moderate amount of foaming capacity when compared 
to the soybean and mustard oilseed cake as well as defat-
ted cake. Emulsification is also a property that directly 
depends upon protein content, as flaxseed has a moder-
ate protein content compared to soybean and mustard, 
and the emulsification property of flaxseed is also moder-
ate, whereas emulsion capacity was found to be highest 
in FC (Bárta et al., 2021). A previous study reported that 
the water holding capacity (WHC) changes with changes 
in plant variety, geography, cultivation temperature, and 
extraction method (Bekhit et  al., 2013). Alkali-treated 

oilseed cakes such as hemp and canola had the highest 
water-holding capacity followed by acid-treated oilseed 
cakes due to changes in the protein structures of hemp 
and canola as a result of alkali and acid extractions, 
exposing more hydrophilic binding sites that allowed 
the proteins to bind more water whereas a study done 
showed that FC has highest water absorption capacity 
(WAC) compared to canola and soybean oil cake because 
of the presence of mucilage polysaccharides which have 
a high tendency for absorption and swelling (Khattab 
& Arntfield, 2009). The emulsifying activity was found 
to be different reason being the physicochemical char-
acteristics such as protein and ionic strength (Muel-
ler et  al., 2010). Different processing methods such as 
microwave processing, autoclaving, boiling, soaking, and 
solvent extraction lead to alterations in the functional 
properties of defatted flaxseed flour. Defatting leads to 
an increase in the water-holding and oil-holding capac-
ity of the flour. This may be due to the increased avail-
ability of hydrophilic components such as mucilage or 
carbohydrates and the increased ability to hold oil by 
the capillary attraction process. The swelling indices of 
other functional groups increase due to the elimination 
of non-polar groups which act as interfering components 
in the interaction between flour and water. The foaming 
capacity depends upon the pH and protein structure, and 
defatted flaxseed flour shows better foaming properties at 
pH 2 because protein denaturation occurs at a particular 
pH. Denaturation of proteins is caused by whipping and 
aggregation formation in liquid-air interphase formation. 
A higher protein content is associated with better emul-
sion capacity and emulsion stability. The defatting of flax-
seed flour leads to an increase in protein concentration 
content which positively impacts the emulsion properties 
as it forms a protective layer around the oil droplets and 
minimizes the interfacial tension (Safdar et al., 2020).

Application of FC in the food industry
Currently, increased awareness of health issues among 
consumers is observed which has led to a spike in the 
demand for new products. Additionally, as a result of 
the expanding population, there is an increased need for 
plant proteins to meet dietary needs. It is perceived that 
plant-based food products are a blend of antioxidants, 
vitamins, dietary fiber, and minerals (Łopusiewicz et al., 
2020). Oilseed cake is an exceptional raw material that 
can be incorporated into food products because it con-
tains high levels of antioxidants, vitamins, proteins, min-
erals, and dietary fiber. FC can serve as a possible delivery 
system for bioactive substances, opening the door for 
the production of premium goods with improved nutri-
tional profiles and desired health benefits. FCis a source 
of numerous compounds such as antioxidants, omega-3 
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Table 4  Various processing methods for removing antinutrients from flaxseed cake and flaxseed (whole)

Method Sample Treatment Conclusion References

Physical Flaxseed Cake Heated at 90 °C for 1 h which 
was stirred continuously.

94.3% reduction due to either heat.
Deactivation of glycoside or
evaporation of HCN (which is
formed after hydrolysis) 
or both takes place.

Safdar et al. (2020)

Boiling for 15–30 min at intervals 
of 5 min.

94.3% removal of HCN

Soaking for 12–48 h at intervals 
of 12 h.

48.2% removal of HCN

Autoclaving at 120 °C for 5–20 min 
at interval of 5 min.

62.6% reduction of HCN

Flaxseed (whole) Pelleting under high pressure 
and temperature

Repeated pelleting (with or with-
out other ingredients decreased 
HCN content.

Feng et al. (2003)

Autoclaving to sterilize at 16.5 kg 
cm−2 at 120 °C for 15 min

High temperature inactivates 
glycosidase, decreased HCN 
to negligible levels.

Steaming- Reduction in tannins 
by2.86%2.39%2.06%

Damayanti and Sjofjan (2022)

Treatment time for tan-
nin-10 min20 min30 min

Reduction in phytic acid 
by38.39%33.88%29.73%

Treatment time for phytic acid-
10 min20 min30 min

Removal of HCN upto detectable 
limit

Microwave-400 W power for 4 min 
50 s

80.72% and 50.87% reduc-
tion of cyanogenic glycosides 
and phytic acid respectively.

Dusica et al. (2012)

Germination-Incubation at 42 °C 70% reduction in cyanogenic 
glycosides.

Kajla et al. (2017)

Sprouting in dark for 4 days 
at 20 ± 2 °C

70% reduction in cyanogenic 
glycoside content.

Hady & Elsorady (2020)

Soaking done for 12 h followed 
by germination

39.72% reduction in trypsin inhibi-
tor activity

Khare et al. (2021)

Fermentation Flaxseed cake Aspergillus niger and Candida utilis 
(1:1 ml inoculum incubated at 30 °C
for 72 h)

The lowest HCN was observed 
after 60 h fermentation.

Zhai et al. (2019)

Flaxseed (whole) Fermentation using consortium 
of Lactobacilli (incubated at 30 °C 
for 72 h)

Reduced the cyanogenic glyco-
sides to undetectable limits.

Huang et al. (2023)

Enzymatic treatment Flaxseed cake Incubation with 0.1 M sodium 
citrate
buffer at 30 °C for 18 h.

100% removal of cyanogenic 
compounds

Yamashita et al. (2007)

Flaxseed (whole) 12.5% beta-glucosidase and 8.9% 
cyanide hydratase (no use of steam 
to evaporate HCN which prevents 
environmental pollution and low 
energy consumption) followed 
by fermentation

Up to 99.3% reduction in cya-
nogenic glycosides after 48 h 
of fermentation.

Wu et al. (2012)

Extrusion Flaxseed cake Extrusion conditions-
screw speed- 96.8 rpm,
barrel temperature-80 °C
40% moisture level

Reduction of tannin by 61.27% Mukhopadhyay et al. (2007)

Multi-stage solvent treatment Flaxseed cake Increasing the volume of solvent 
and duration of extraction.
Multistage extraction using 
methanol-ammonia-water or hex-
ane as solvents

80% removal of linustatin and neo-
linustatin.
Up to 90% removal of cyanogenic 
glycosides.
Among the solvents used, metha-
nol was found to be the most 
efficient solvent for removal of CGs.

Wanasundara et al. (1993)
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fatty acids, bioactive proteins, soluble and insoluble fib-
ers, lignans, and minerals such as Mg, K, Na, and Zn) 
(Łopusiewicz et al., 2020). Over the past few decades an 
increase in the value of flaxseed, an essential oilseed crop, 
has been observed due to its distinctive nutrient profile. 
The potential application of FC as an additive to enhance 
the nutritional profile of food products is shown in Fig. 5. 
The presence of antinutrients (cyanogenic glucosides and 
phytic acid) should be considered, but these compounds 
can be removed by various methods. Researchers are 
more interested in utilizing oilseed cake to develop new 
functional food products. FC has been used to develope 
various functional foods including beverages, bakery, 
extruded and fermented products. Potential food appli-
cations of FC are listed in Table 5.

Health benefits
Various health benefits are associated with plant-based 
diets (Lea et  al., 2006). Various components of FC such 
as lignans, proteins, and dietary fiber are beneficial for 
treating cardiovascular diseases, cancer, and diabetes 
(Kumar et al., 2019). Various studies have reported a pos-
itive influence of flaxseed consumption on human health 
(Drozłowska et  al., 2020a,  2020b). An equal quantity of 
FC and oil significantly improved the body weight and 

feed efficiency in broiler chickens (Lee et al., 1991). Flax-
seed is known to have polysaccharides that have mucoad-
herent properties and therapeutic benefits (Łopusiewicz 
et al., 2021). Polysaccharides from FC are known to have 
anti-tumor effects due to their antioxidant properties 
(Gutiérrez et al., 2010). FC also possesses anti-microbial 
properties due to the presence of chitooligosaccharides 
against pathogens such as Candida albicans, Penicillium 
chrysogenum, Fusarium graminearum, and Aspergillus 
flavus (Pag et al., 2014). Polyphenols present in flaxseed 
exhibit various therapeutic effects. In addition, FC has 
been known to have anti-microbial, anti-inflammatory, 
anti-thrombotic, anti-allergenic, and antioxidant proper-
ties (Akl et al., 2020). FC also has tocopherols and these 
are known to show beneficial effects on human health 
which include anti-inflammatory qualities, neoplastic 
transformation prevention, artery wall protection, and 
LDL oxidation prevention (Mannucci et  al., 2019). Lig-
nans and phenols have outstanding biological properties 
as antioxidants, anti-bacterial agents, and anti-carcino-
genic substances (Kajla et  al., 2015; De Silva & Alcorn, 
2019). This valuable laxative property is due to the high 
fiber content of flaxseed and its defatted cake has been 
known to reduce the symptoms of irritable bowel syn-
drome as it stimulates fecal output during constipation 

Fig. 5  Potential applications of flaxseed cake in the food industry
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Table 5  Applications of flaxseed cake in different food

Food Product Level of 
incorporation of 
flaxseed cake (%)

Pre-treatment of flaxseed/oil 
extraction methods

Major findings References

Bakery products
  Bread 0–10% Cold-pressed oil extraction 1.A significant increase in α- lino-

lenic acid was observed.
2. A significant increase in free 
fatty acid, total phenols, total 
flavonoids, antioxidant power 
and n-3 alpha-linolenic acid 
was observed as the content 
of flaxseed cake flour increased 
whereas an inverse relationship 
was observed between the n- 
6/n-3 ratio and percentage forti-
fication of flaxseed cake flour.

Taglieri et al. (2020)

  Gluten free bread 
with flaxseed cake extract 
(FCE)

- - 1. A significant increase in SDG 
was observed in gluten-free 
bread from undetectable 
to as high as 526 µg/100 g dry 
matter in 100% replacement 
of water by FCE.
2. The texture profile analysis 
of bread indicated that substitut-
ing water with FCE up to 100% 
resulted in reduced softness 
and deterioration of texture due 
to the presence of mucilage 
and gums whereas 50% replace-
ment bread was comparable 
to the control.

Łopusiewicz et al. (2023)

  Pita bread 5–20% - 1. Protein (40%), fibers (6%) 
and ash (8.63%), increased 
on increasing the concentration 
of flaxseed cake.
2. Baking process led to 100% 
removal of major antinutrient, 
namely cyanogenic glycosides.
3. More than 2-fold increase 
in calcium was noted. A 21%, 
48% and 29% increase in phos-
phorus, magnesium and potas-
sium were noted.

Khattab et al. (2012)

  Toast 5–15% Cold-pressed oil extraction Mineral such as potassium, 
magnesium, phosphorus, 
and calcium increased by 30%, 
27%, 14%, and 21% respectively 
in toast with 5% substitution 
of flaxseed cake.

Hamid Selim et al. (2019)

Extruded products
  Extruded product 7–20% Roasted flaxseed in a microwave 

oven.
Hand-operated oil
expeller for oil extraction for cake 
extraction

1. Flaxseed cake incorpora-
tion from 7.5–20% increased 
the breaking strength.
2. Fiber in defatted flaxseed cake 
provides structural integrity due 
to protein-fiber interaction which 
increases breaking strength.
3. The expansion ratio and overall 
acceptability decreased due 
accumulation of protein mol-
ecules as the % defatted flaxseed 
cake increased.

Ganorkar et al. (2016)
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(Xu et al., 2012). SDG is also known to have antimicro-
bial effects on bacteria and fungi. In a study performed 
on Fischer 344 male rats, a 15% decrease in tumor for-
mation and size was observed when FC was substituted 
for corn cake and flaxseed oil was substituted for corn 
oil by 15% each respectively (Bommareddy et al., 2009). 
Flaxseed is recognized for its significant positive impact 
on digestive health. ALA plays a positive role in decreas-
ing gastrointestinal tract inflammation (Plissonneau 
et al., 2022). Omega-3 fatty acids play an important role 
in human growth and development because it reduces 
blood pressure and other inflammatory diseases (Coorey 
et al., 2015). The results of different studies related to the 
health benefits associated with the consumption of FC 
are summarized in Table 6.

Cardioprotective
Cardiovascular heart disease (CHD), also known as 
ischemic heart disease, stroke, and peripheral vascular 
disease, is the leading cause of death in industrialized 
nations (Prasad et al., 1994). Flaxseed is the richest source 
of lignans (secoisolariciresinol diglucoside, SDG) and has 
high antioxidant activity. In addition, it also helps in pre-
venting hypercholesterolemic atherosclerosis (Prasad, 

2000). In a study of 73 people suffering from type-2 dia-
betes type were subjected to lignan supplements for 12 
weeks and the other 36 subjects started placebo. After 
12 weeks a significant reduction in HbA1c was observed 
(Pan et  al., 2007). Omega-3 fatty acids show cardiopro-
tective effects, and in addition, they protect against lipid 
abnormalities and atherosclerosis (Austria et  al., 2008). 
Lignans from FC prevent complications such as athero-
sclerosis, hyperlipidemia, ischemia, hypertension, and 
cardiotoxicity (Zanwar et al., 2014). When oil is extracted 
from flaxseed, lignan secoisolariciresinol remains which 
is known to have the ability to suppress atherosclerosis. 
This suppression is due to antioxidant activity resulting 
from a decrease in the serum lipid concentration. In a 
study of a rabbit model, the reduction in the development 
of hypercholesterolemic atherosclerosis was 73% due to 
flaxseed lignan complex and 34% due to SDG (Prasad, 
2009).

Anti‑carcinogenic
Lignans are the major component contributing to the 
anti-carcinogenic properties of these plants. In a study, 
lignan showed dose and time-dependent anti-prolifer-
ative effects on acute myeloid leukemia cells (Tannous 

Table 5  (continued)

Food Product Level of 
incorporation of 
flaxseed cake (%)

Pre-treatment of flaxseed/oil 
extraction methods

Major findings References

  Flaxseed-corn puffs 0–15% - 1. High lignan content in the final 
product, whereas 25–52% lignan 
decreased due to extrusion.
2. Higher flaxseed cake levels 
up to 15%, gave browner prod-
ucts with a hard texture.

Puff et al. (2006)

Fermented beverages
  Grass pea tempeh 5–35% Cold-pressed oil extraction 1.The fat content was observed 

to be three times with 35% 
of flaxseed cake substitution.
2. Reduction in the percentage 
of saturated fatty acids mainly 
palmitic and stearic acid.

Stodolak et al. (2013)

  Yogurt like plant milk - Cold pressed oil extraction 1.The increase in total phenolics 
and flavonoids is directly propor-
tional to increased concentration 
of flaxseed cake.
2.High antioxidant property 
(67%) of the final product substi-
tuted with flaxseed cake.

Łopusiewicz et al. (2020)

  Kefir like non-dairy bever-
age

- Cold pressed oil extraction 1. Proliferation of microorganisms 
helped in protein synthesis.
2. Enhanced antioxidant activity 
of fermented beverages may be 
attributed to the development 
of phenolic compounds and bio-
active peptides from the protein 
present in flaxseed cake.

Łopusiewicz (2019)
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et al., 2020). The early stages of carcinogenesis are inhib-
ited by flaxseed, which is a rich source of the mammalian 
lignan precursors secoisolariciresinol-diglucoside (SDG) 
and alpha-linolenic acid (ALA). The initiation (before 
carcinogen), promotion (after carcinogen), and progres-
sion (visible tumors) stages of carcinogenesis have all 
been the subject of animal model research using dimeth-
ylbenzanthracene (DMBA) and a rat mammary cancer 
model. DMBA was used as the carcinogen, and it was dis-
covered that 1.5 mg of SDG supplied daily at the begin-
ning stage (1 week after DMBA for 20 weeks) caused 46% 
fewer tumors per group and 37% fewer tumor multiplici-
ties (Thompson et al., 1996). Secoisolariciresinol digluco-
side (SDG), which is present at the highest concentration 
in flaxseed, and its cake has been known to have various 
health benefits. The various properties of SDG are anti-
cancer, including reducing the growth and proliferation 
of cancerous cells (Wang et al., 2005).

Anti‑diabetic
Diabetes mellitus, commonly known as diabetes is a 
chronic metabolic disorder caused by increased blood 
sugar levels. A study conducted on diabetes-induced rats 
revealed a 64.62% decrease in glucose levels, 48  h after 
SDG intake (Moree et al., 2013). In another study where 
BB (BioBreeding) rats were fed SDG which reduced the 
development of diabetes by 71%, the onset of diabe-
tes was moderately delayed (Prasad, 2000). In a study, 
60 individuals were fed with flaxseed gum incorpo-
rated Chapatis. A decrease in fasting blood sugar and a 
decrease in cholesterol by 11.6% and 10.4%, respectively 
was observed. Flaxseed gum is a potential ingredient for 
improving the blood profile of people suffering from type 
2 diabetes (Thakur et al., 2009).

Conclusion
The purpose of this review was to summarize and high-
light the importance of the valorization of FC. In con-
clusion, oilseed cake is a valuable by-product of the oil 
industry and includes a variety of nutrients, making it 
an economically viable ingredient for use in numer-
ous foods to improve their nutritional profile. Nutri-
tional analysis of FC revealed that it is rich in proteins, 
polyphenols, lignans and antioxidants which are essen-
tial for human nutrition. In addition to having a rich 
nutritional profile, FC also possesses several functional 
properties, including the ability to bind both water and 
oil (water and oil holding capacity) as well to swell and 
emulsify (swelling capacity and emulsification). Vari-
ous treatments such as fermentation can improve these 
characteristics. Several antinutrient factors are found 
therefore cake needs to undergo several pretreatments. 
The intake of FC can be followed by various processing 

techniques such as boiling, autoclaving, microwav-
ing, fermentation and others to remove antinutrient 
factors such as cyanogenic glucosides, phytic acid, 
and tannins which hinder the absorption of essential 
nutrients. The applications of FC in food products are 
diverse and promising because it acts as a plant-based 
protein source. It can act as a potential functional 
ingredient in baked goods, cereals, snacks, and bever-
ages enhancing its nutritional properties and providing 
desirable textural properties. Additionally, FC which is 
rich in dietary fibers helps to develop fiber-rich food. 
The health benefits of FC are multifaceted. Lignans and 
antioxidants which are found in abundancee in FC help 
in the management of several chronic diseases such as 
diabetes and cancer. By including FC in the diet, the 
consumption of plant-based proteins increases, which 
would be a positive step toward human health, the 
environment, and sustainability.

Further research and development in this area is 
required to make flaxseed oil cake more palatable. Addi-
tionally, research on treating it in such a way that cake is 
devoid of antinutrients and has an extended shelf life is 
needed.

Challenges and future trends
A by-product of the extraction of oil from flaxseed is FC. 
Proteins, fibers, and several other components make up 
its profile. Due to its composition and processing needs, 
FC can create some difficulties when used as a culinary 
ingredient. The utilization of FC presents a confluence 
of intricate challenges. Despite being a by-product of 
extraction, it is an amalgamation of residual PUFAs, pro-
teinaceous components, fibrous matter and other bioac-
tive substances. However, its incorporation is a challenge. 
Due to the presence of PUFA, their shelf life and sta-
bility are limited. Other obstacles that surround the 
incorporation of FC into the culinary landscape include 
minimizing allergenic potential, dealing with regulatory 
frameworks, and improving the distinctive sensory quali-
ties that it imparts to different food products, accentuat-
ing the complexity of the process.

As the global food industry is growing, it is inclin-
ing more towards sustainable approaches to combat the 
requirements. Overcoming the challenges of innovation 
and sustainability FC has emerged as a promising raw 
material that may fulfill protein requirements. A spike in 
the demand of plant-based protein has been seen, which 
aligns seamlessly with FC and its ability to satisfy the 
nutritional profile. FC has a compelling future in the culi-
nary world due to the convergence of health-conscious 
consumer preferences, sustainable food practices, and 
dynamic adaptability.
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