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ABSTRACT 
 
Flaxseed meal from seven varieties has been evaluated for protein content and concentration of antinutritional 
compounds. Flax seeds were obtained from plants grown in two experimental fields for two consecutive years 
(2011-2012). For all the varieties, flaxseed meal resulted in a rich source of protein (35.7% mean content). 
ANOVA showed significant differences between varieties and years of cultivation in the content of 
antinutritional compounds. The concentration of cyanogenic glycosides and phytic acid in flaxseed meal 
deserves attention, being as mean 0.73 and 5.3 g∙kg−1 of dry weight, respectively. These results indicate that 
flaxseed meal can be used as a source of protein in animal feed or as additive in the food industry, but the 
content of these two antinutritional factors should be lowered. 
 
Keywords: Cyanogenic glycosides; flaxseed meal; phytic acid; protein; saponins; tannins; trypsin inhibitors. 
 

1. INTRODUCTION 
 
Flax (Linum usitatissimum) is an annual plant of the 
Linaceae family and is one the oldest crop cultivated 
for oil and fiber. It thrives in deep moist soils rich in 
sand and clay. Flax is native to the region extending 
from the eastern Mediterranean, through Western 
Asia and the Middle East, up to India. Humans have 
consumed flaxseed since the beginnings of the earliest 
civilizations. It was used for medical purpose in 
ancient Egypt and Greece, mainly to relieve 
abdominal pains and also as energy source [1]. Today, 
it is cultivated in over 2.6 million ha and the 
important linseed growing countries are India, 
Pakistan, China, United States and Ethiopia. Canada 

with 614,000 metric tons of flaxseed produced                          
is the world’s largest producer of flax and          
accounts for nearly 80% of the global trade in 
flaxseed [2].  
 
Every part of linseed plant is commercially utilized 
either directly or after processing. The shell produces 
good quality fibre having high mechanical properties 
and low density, instead the seed provides oil rich in 
omega-3, digestible proteins and lignans; it is also 
used to manufacture paints, varnishes, linoleum, 
oilcloths, printing inks, soaps, and numerous products 
[1]. The composition of flaxseed can vary with 
genetics, growing environment, seed processing and 
method of analysis. For example, a brown Canadian 
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flax averaged 41% fat, 20% protein, 28% total dietary 
fibre, 7.7% moisture and 3.4% ash [3].  Of all lipids in 
flaxseed, 53% are alfa-linolenic acid (ALA), 17% 
linoleic acid, 19% oleic acid, 3% stearic acid and 5% 
palmitic acid, which provide an excellent n-6:n-3 fatty 
acid ratio of approximately 0.3:1 [4]. Therefore, the 
seed may be an alternative for supplying this fatty 
acid to populations concentrated in regions of the 
world where there is not large access to marine foods, 
which are the best sources of n-3 fatty acids [5]. 
Researchers are investigating whether omega-3 fatty 
acids contained in flaxseed may help protect against 
certain infections, ulcers, eating disorders, hyper 
tension, atherosclerotic conditions and lyme disease 
[6].  Flaxseed oil is commonly extracted by solvents 
and the resulting by-product, is known as flaxseed 
meal (FSM) which has good protein content, 35.6% in 
dry matter of flour depending upon the variety of flax 
used [7]. FSM is a rich source of protein and energy 
and can represent a nutritious feed supplement for 
livestock or used for production of high-protein flour. 
Flaxseed is rich in essential amino acids of great 
importance in the synthesis of proteins that have the 
role of maintenance and repair of cells, tissues and 
organs. Flaxseed proteins have important biological 
effects and their physiological properties were                 
mainly explained by both amino acid composition     
and interaction with other components as 
polysaccharides, lignans or fatty acids [8]. In            
addition, as described by Tolkachev et al. [9], 
bioactive peptides, such as cyclolinopeptide A,                 
have strong immunosuppressive and antimalarial 
activities.  
 
Flaxseed is a source of many vitamins (B3 and E) and 
minerals (calcium, magnesium and phosphorus). 
Other bioactive compounds present in flaxseed are 
phenolics like lignans, flavonoids, phenylpropanoids 
and tannins. As described by Russo and Reggiani 
[10], total phenolic content (TPC) ranged from 4.6 to 
9.4 mg caffeic acid equivalents g-1 dry weight                  
(DW) and are statistically different among            
productive attitude groups of flax. Flaxseeds are the 
richest dietary sources of lignin precursor, 
secoisolariciresinol diglucoside, that is reported to 
have a number of health benefits associated with their 
consumption that have, in part, been attributed to their 
antioxidant properties [11].  
 
FSM contains antinutritional compounds that need to 
be considered when feeding this product to animals or 
as additives in the food industry. In flaxseed, among a 
vast number of antinutritive compounds, phytate and 
cyanogenic glycosides have raised more attention. 
The cyanogenic glycosides (CG) are secondary plant 
metabolites that are composed of a α-hydroxynitrile 

type aglicon and a sugar moiety (glucose or 
gentobiose). These toxic molecules are accumulated 
in vacuoles but when the cell structure are destroyed 
by a predator CG are rapidly degraded producing 
hydrogen cyanide by a two-step process [12]. Cyanide 
is toxic for humans and animals due to its ability to 
bind with iron, manganese or copper ions that are 
functional groups of many enzymes including those 
involved in the reduction of oxygen in the cytochrome 
respiratory chain. It is estimated that ingestion of 100 
mg of CG may be lethal to adult individuals. Acute 
intoxications are characterized by symptoms such as: 
vomiting, nausea, headache, hyperpnoea arrhythmias 
and may finally results in collapse and death [13]. The 
CG in flaxseed have been identified as linustatin, 
neolinustatin and a minor component, linamarin as 
described by Oomah et al. [14] and Russo and 
Reggiani [15]. Phytic acid is the main organic form of 
phosphorus present in plant seeds. Its presence 
reduces protein digestibility and increases the 
excretion of endogenous nitrogen, amino acid and 
minerals [16]. Tannins (flavan-3-ol based 
biopolymers) are known to negatively affect 
nitrogenous compounds uptake and absorption of 
minerals [17]. Other deleterious compounds are 
saponins. These substances consist of a sugar moiety 
usually containing one sugar (glucose, galactose, 
glucuronic acid, xylose, rhamnose or methylpentose), 
glycosidically linked to a hydrophobic aglycone 
(sapogenin) which may be in nature triterpenoid or 
steroid [18]. The negative effects have been ascribed 
to several properties of saponins such as reduced               
feed intake caused by the astringent and irritating      
taste of saponins, reduction in intestinal motility                 
and reduction in protein digestibility, probably                  
due to the formation of sparingly digestible saponin-
protein complexes [18]. Trypsin inhibitors are 
considered one of the most important antinutritional 
factors and are found in many species of 
graminaceous, cruciferous and leguminaceous. These 
inhibitors have been known to reduce growth in 
animals, since they decrease the digestion and 
consequent absorption of proteins by the inhibition of 
proteases [19]. 
  
In the present study, FSM was evaluated as protein 
source and for the content of the main antinutritional 
compounds (CG, phytic acid, condensed tannins, 
trypsin inhibitors and saponins). Seven genotypes of 
intermediate productive attitude (good for both oil and 
fiber) of flax were used: Valoal, Linoal, Natural, 
Merlin, Solal, Festival and Kaolin. The 
characterization of these biochemical features will 
help to better understand the nutritive quality of FSM 
and its use as enriched-protein flour in animal 
nutrition. 
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2. MATERIALS AND METHODS 
 
2.1 Plant Material and Field Experiment  
 
Seeds from seven flax varieties were obtained from 
Semfor (Italy). The experimental field trials were 
carried out for two consecutive years (2011-2012) in 
Italy in two different locations of Lombardy region: 
Treviglio (45°31’N, 9°35’E; 125 m above mean sea 
level) and Cavriana (45° 20’ N 10°35’E; 170 above 
mean sea level). The growing degree units were 579 
and 645 for the two years (2011 and 2012 
respectively) in Treviglio and 667 and 721 in 
Cavriana for the same years. The total rainfall during 
the growth period of the flax plants was 428 and 482 
mm in the two years in Treviglio, and 498 and 344 for 
the same period in Cavriana. In both sites, the 
experimental design included the evaluation of seven 
flax varieties (Valoal, Linoal, Natural, Merlin, Solal, 
Festival and Kaolin). The experimental design was a 
randomized complete block with 3 replicate plots (10 
m2) of each variety. Flax seeds from each plot were 
harvested at full maturity stage. Seeds were dried in a 
ventilated chamber until 8% seed moisture was 
reached. 
 

2.2 Oil Extraction and Protein Assay 
 
Seeds were ground in a mortar and mixed with hexane 
(1:10, w/v). The solution was vigorously shaken for 
30 min. After centrifugation, the fat layer was 
collected and the extraction procedure repeated. At 
the end, the flour was dried before analyses. 
 

Protein was extracted from defatted flours by Plant 
Total Protein Extraction Kit (Sigma-Aldrich, Milan, 
Italy). The kit is optimized to allow the extraction of 
more hydrophobic proteins. Protein content was 
determined by Quantum Protein Kit (Euroclone, 
Milan, Italy) using Bovine Serum Albumin (BSA) as 
standard. 
 

2.3 Analysis of Antinutritional Compounds 
 
Cyanogenic glycosides, phytic acid, condensed 
tannins, trypsin inhibitors and saponins were extracted 
and assayed according to Russo and Reggiani [17]. 
Cyanogenic glycosides were assayed by the 
Spectroquant Cyanide-Test (Merck, Germany) 
according to the manufacturer’s protocol. Phytic acid 
was colorimetrically determined as phosphorus 
content after precipitation. Condensed tannins were 
determined by the vanillin method (absorbance at 500 
nm) using catechin as a standard.  Trypsin inhibitor 
activity was measured using Nbenzoyl-DL-arginine-
p-nitroanilide (BAPNA) as substrate. Activity of 
trypsin was measured by the absorbance at 410 nm 

due to pnitroaniline released. One unit of trypsin 
inhibitor was defined as 0.01 decreases in absorbance 
at 410 nm under assay conditions compared with the 
control (without inhibitor). Saponin content in 
extracts was estimated using Quillaja saponin (Sigma-
Aldrich, Milan, Italy) as a reference standard. 
 

2.4 Statistical Analyses 
 
Analysis of Variance (ANOVA) was performed by 
SPSS version 16.0 software in order to establish 
significant differences (P =0 .01) between flax 
varieties in the levels of protein and antinutritive 
compounds. Duncan’s multiple-range test was 
performed in order to compare differences among 
means (at P =0.05 probability level). Pearson’s 
correlations between protein and antinutritional 
compounds were also calculated. 

 
3. RESULTS AND DISCUSSION 
 
3.1 Flaxseed Meal Protein Content 
 
Fig. 1 shows the protein content in seven flax 
genotypes in two years of cultivation (2011 and 2012) 
and in the two experimental fields (Treviglio and 
Cavriana). Kaolin showed protein levels higher in the 
second year, as opposed to Valoal and Festival which 
presented a decrease in protein levels in 2012. The 
mean protein content in FSM was about 357 g kg-1 
dry weight (DW) (Table 1). Kaolin (371 g kg-1 DW) 
showed the highest protein content among the all 
varieties instead Natural was the poorest in protein 
(339 g kg-1 DW). ANOVA showed strictly significant 
differences between varieties, year of cultivation and 
their interaction (Table 2). These differences in 
protein concentration are probably due to climatic 
variation between the two years. As described by 
Chung et al. [20], protein content in FSM can change 
with genetic and environmental factors. Generally, 
cool climates usually results in high oil and low 
protein content in seeds [1].  

 
Flaxseed proteins are rich in essential amino acids that 
have a role in maintenance and repair of cells, tissues 
and organs. As described by Russo and Reggiani [7], 
flaxseed protein contains good contents of methionine 
(2.6 g 100 g-1 protein) and cystine (1.7 g 100 g-1 
protein) which are significantly higher respect to 
those of soybean (1.3 and 1.2 g 100 g-1 protein). 

 
3.2 Antinutritional Compounds in Flaxseed 

Meal 
 
Table 2 shows ANOVA for antinutritional compounds 
in seven genotypes of flax. ANOVA showed that is 
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present a significant variability among varieties,                 
year of cultivation, and their interaction for all                   
the antinutrional compounds. Instead, variability 

attributable to experimental fields was significant only 
for phytic acid (P = 0.01) and cyanogenic glycosides 
(P =0.05). 

 
Fig. 1. Protein content in flours of seven varieties of flax in the two experimental fields (Treviglio and 

Cavriana) and two years of cultivation (2011 and 2012) 
 

Table 1. Protein and antinutritional compounds in seven flax varieties. Data are mean of two years and 
two fields 

 
Variety Protein1 Cyanogenic 

glycosides1 
Phytic acid1 Condensed 

tannins1 
Trypsin 
inhibitors2 

Saponins1 

Valoal 346 (c) 0.66±0.08 (d) 44.5±5.6 (d) 3.12±0.05 (b) 12.3±1.4 (e) 0.36±0.02 (c) 
Linoal 352 (c) 0.70±0.02 (c) 59.8±6.1 (a) 2.74±0.08 (d) 21.0±0.7 (b) 0.49±0.01 (ab) 
Natural 339 (d) 0.77±0.01 (b) 57.1±2.1 (b) 2.28±0.20 (e) 15.4±1.0 (c) 0.32±0.03 (d) 
Merlin 362 (b) 0.77±0.11 (b) 51.3±0.9 (c) 3.19±0.03 (b) 13.9±0.2 (d) 0.47±0.01 (b) 
Solal 361 (b) 0.78±0.05 (b) 50.1±2.3 (c) 4.49±0.17 (a) 29.7±1.0 (a) 0.17±0.01 (f) 
Festival 364 (b) 0.49±0.03 (e) 51.7±2.0 (c) 2.95±0.40 (c) 15.0±0.4 (c) 0.25±0.01 (e) 
Kaolin 372 (a) 0.91±0.06 (a) 56.5±6.2 (b) 3.10±0.07 (b) 13.7±0.5 (d) 0.50±0.01 (a) 
Mean±SE 357±5 0.73±0.05 53.0±2.1 3.12±0.28 17.3±2.5 0.37±0.05 

1 Data expressed as g Kg-1 DW; 2 Data expressed as unit mg-1 defatted flour; Means with different letters in parentheses within the same row 
differ significantly by Duncan’s multiple-range test (P = .05) 

 
Table 2. F values from analysis of variance (ANOVA) for biochemical compound contents in seven 

varieties of flax 
 

Source of 
variance 

d.f.a Protein Cyanogenic 
glycosides 

 Phytic 
acid 

Condensed 
tannins 

Trypsin 
inhibitors 

Saponins 

Variety (V) 6 22.30** 157.16**  64.12** 228.54** 404.99** 250.26** 
Field (F) 1 2.08 5.77*  31.58** 3.53 1.72 1.55 
Year (Y) 1 23.44** 213.83**  44.41** 135.20** 12.10** 10.19** 
V*F 6 1.49 2.52*  6.74** 0.60 3.24** 5.26** 
V*Y 6 15.43** 44.85**  77.45** 20.47** 7.70** 1.30 
F*Y 1 0.07 4.40*  60.01** 4.02* 4.30* 7.01* 
V*F*Y 6 3.46** 0.30  2.03 0.47 5.72** 1.19 

a Degrees of freedom; * Significant at P = .05; ** Significant at P = .01 
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In Table 1 are shown the levels of antinutrional 
compounds for the seven genotypes of flax. The 
differences among varieties were evidenced by the P 
value and the Duncan’s multiple-range test (letters in 
parentheses). The most important antinutritional 
compounds in FSM are cyanogenic glycosides. These 
nitrogenous secondary plant metabolites derived, in 
flax, from the amino acids valine and isoleucine are 
very dangerous [21]. Their causes chronic effects, 
manifested in the nervous system, and they are 
observed in populations that ingest high quantities of 
cyanate in foods [22]. The average of cyanogenic 
glycosides was 0.73 g Kg-1 DW. Among flax 
varieties, Kaolin showed the highest levels (0.91 g 
Kg-1 DW) and Festival the lowest (0.49 g Kg-1 DW). 
Values of these glycosides in excess of 100 ppm (0.1 
g Kg-1 DW) are considered dangerous to animal 
health [23]. Thus, considering on average flaxseed 
contain 730 ppm it follows that FSM in animal ratios 
cannot exceed 15% in DW, although thermal and 
mechanical processes including cooking in 
microwaves, autoclaving and boiling of the seeds can 
partly remove cyanogenic glycosides [22]. 
 
The phytic acid content ranged from 44.5 g Kg-1 DW 
in Valoal to 59.8 g Kg-1 DW in Linoal (Table 1). The 
average content was 5.3 g∙kg−1. This level of phytic 
acid results definitely higher compared to soybean 
(2%) and rapeseed (2.2%) but lower respect to hemp 
(5.8%) [17,24-25]. The main effect of phytic acid is 
the binding of important mineral nutrients as iron, 
zinc, calcium, magnesium which is a major concern 
when FSM is fed to monogastric animals lacking of 
the phytase enzyme. 
 
The levels of condensed tannins are shown in Table 1. 
The mean of tannin content in FSM was 3.12 g Kg-1 
DW. Solal was the only variety with content above 
the mean (4.49 g Kg-1 DW). The tannins content in 
flaxseed can be considered absolutely not dangerous 
for animals. The tannin level necessary for rejection 
by animals is about 20 g Kg-1 DW [26]. Since low 

levels of tannin were related to increased yields of fat-
corrected milk and protein (possibly due to lower 
protein degradation in the rumen and lower N 
excretion for ruminants) [25], varieties with low 
levels of condensed tannins like Natural (2.2 g Kg-1 
DW) should be preferred for ruminants nutrition.  
 
The range of variation for trypsin inhibitors activities 
in flax genotypes was quite high (Table 1). Trypsin 
inhibitors are responsible for reduced digestibility of 
seed proteins and, for this reason, they constitute the 
main antinutritional compounds of plant seed. In 
Table 1, the activities varied from 12.3 to 29.7 unit 
mg -1 of defatted flours. These activities of trypsin 
inhibitors result lower in comparison with those 
observed in seeds of other species (cereals and 
legumes) [27-29]. Among flax genotypes, Valoal 
exhibited the lowest trypsin inhibitor acitivity (12.3 
unit mg-1 defatted flour). 
 
The content of saponins showed significant 
differences among flax varieties. In Table 1 the 
saponins concentration varied from 0.17 g Kg-1 DW to 
0.50 g Kg-1 DW. These levels of saponins are lower 
than that observed in soybean [29]. 
 
Table 3 shows the bivariate correlations among 
protein and the different antinutritional compounds. 
Protein was only weakly positively correlated with 
phytic acid, while the other antinutrional compounds 
were often correlated with each other. In particular, 
saponins resulted positively correlated with phytic 
acid and cyanogenic glycosides, negatively correlated 
with condensed tannins and trypsin inhibitors. The 
positive correlation between condensed tannins and 
trypsin inhibitors (Table 3), could reveal that the 
trypsin inhibitors activity partly accomplished by 
condensed tannins as described in grapeseed by 
Goncalves et al. [30]. Furthermore, condensed    
tannins were negatively correlated with saponins 
suggesting a competition between these two 
biosynthetic pathways. 

 
Table 3. Pearson correlation coefficients (r) among protein and antinutritional compounds in 

seven varieties of Linum usitatissimum 
 

 Protein Cyanogenic 
glycosides 

Phytic acid Condensed 
tannins 

Trypsin 
inhibitors 

Saponins 

Cyanogenic glycosides -0.001 1     

Phytic acid 0.224* 0.115 1    

Condensed tannins 0.152 0.132 -0.187 1   

Trypsin inhibitors 0.100 0.034 0.105 0.603** 1  

Saponins 0.121 0.296** 0.227* -0.435** -0.472** 1 
*Correlation is significant at the .05 level; **Correlation is significant at the .01 level 
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4. CONCLUSIONS 
 
Flaxseed is emerging as an important functional food 
ingredient because provides oil rich in omega-3, and 
flour with digestible protein and lignans. As feed, 
FSM have a protein content stably close to 35%        
(Fig. 1 and Table 1) with a good sulfur amino acids 
content. In addition, flaxseed has considerable 
potential as a source of antioxidants. The use of FSM 
as an additive in diets may be, however, limited by the 
presence of significant levels of cyanogenic 
glycosides and phytic acid (Table 1). It is currently 
advisable to mix FSM with other plant flours for its 
use in monogastric animal feed formulations. For this, 
further research to lower the content of cyanogenic 
glycosides and phytic acid is required. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing interests 
exist. 
 

REFERENCES 
 
1. Bernacchia R, Preti R, Vinci G. Chemical 

composition and health benefits of flaxseed. 
Austin Journal of Nutrition and Food Sciences. 
2014;2(8):1045. 

2. Oomah BD. Flaxseed as a functional food 
source. Journal of the Science of Food and 
Agriculture. 2001;81:889–894. 

3. Singh KK, Mridula D, Rehal J, Baranwal P. 
Flaxseed: A potential source of food, feed and 
fiber. Critical Reviews in Food Science and 
Nutrition. 2011;51(3):210-222.  

4. Simopoulos AP. The importance of the ratio            
of omega-6/omega-3 essential fatty acids.  
Biomedicine Pharmacotherapy. 2002;56(8): 
365-379. 

5. El-Beltagi HS, Salama ZA, El-Hariri DM. 
Evaluation of fatty acids profile and the content 
of some secondary metabolites in seeds of 
different flax cultivars (Linum usitatissimum 
L.). General and Applied Plant Physiology. 
2007;33(3-4):187-202. 

6. Harper CR, Edwards MJ, DeFilippis AP, 
Jacobson TA. Flaxseed oil increases the plasma 
concentrations of cardioprotective (n-3) fatty 
acids in humans. Journal of Nutritrion. 2006; 
136:83-87. 

7. Russo R, Reggiani R. Protein concentration 
and amino acid profile in hempseed and 
flaxseed meal. In: De Ron A, ed., Eucarpia 
International Symposium on Protein Crops, 
Spanish Association for Legumes (Spain). 
2015;193-195. 

8. Omoni AO, Aluko RE. Mechanism of the 
inhibition of calmodulin-dependent neuronal 
nitric oxide synthase by flaxseed protein 
hydrolysates. Journal of the American Oil 
Chemists’ Society. 2006;83:335-340. 

9. Tolkachev ON, Zhuchenko AA. Biologically 
active substances of flax: Medicinal                        
and nutritional properties: A review. 
Pharmaceutical Chemistry Journal. 2004;34: 
360-367. 

10. Russo R, Reggiani R. Phenolics and 
antioxidant activity in flax varieties with 
different productive attitude. International Food 
Research Journal. 2015;22(4):1736-1739. 

11. Adolphe JL, Whiting SJ, Juurlink BH, Thorpe 
LU, Alcorn J. Health effects with consumption 
of the flax lignan secoisolariciresinol 
diglucoside. British Journal of Nutrition. 2010; 
103(7):929-938. 

12. Vetter J. Plant cyanogenic glycosides. Toxicon. 
2000;38(1):11-36. 

13. EFSA (European Food Safety Authority) 
Opinion of the scientific panel on contaminants 
in the food chain on a request from the 
commission related to cyanogenic compounds 
as undesirable substances in animal feed. EFSA 
Journal. 2007;434:1-67. 

14. Oomah BD, Mazza G, Kinaschuk EO. 
Cyanogenic compounds in flaxseed. Journal of 
Agricultural and Food Chemistry. 1992;40: 
1346-1348. 

15. Russo R, Reggiani R. Variation in the content 
of cyanogenic glycosides in flaxseed meal from 
twenty-one varieties. Food and Nutrition 
Sciences. 2014;5:1456-1462. 

16. Cowieson AJ, Acamovic T, Bedford MR. The 
Effects of phytase and phytic acid on the loss 
of endogenous amino acids and minerals from 
chickens. British Poultry Science. 2004;45(1): 
101-108. 

17. Russo R, Reggiani R. Evaluation of protein 
concentration, amino acid profile and 
antinutritional compounds in hempseed meal 
from dioecious and monoecious varieties. 
American Journal of Plant Sciences. 2015;6: 
14-22. 

18. Francis G, Kerem Z, Makkar H, Becker K. The 
biological action of saponins in animal 
systems: A review. British Journal of Nutrition. 
2002;88(6):587-605. 

19. Puvaca N, Stanacev V, Milic D, Kokic B, 
Cabarkapa I, Stanacev V. Limitation of 
flaxseed usage in animal nutrition. XV 
International Feed Technology Symposium. 
COST-”Feed for Health” Joint Workshop, 
Proceedings, Novi Sad (Serbia). 2012;58-63. 



 
 
 
 

Russo and Reggiani; JOGAE, 6(3): 182-188, 2016 
 
 

 
188 

 

20. Chung MWY, Lei B, Li-Chan ECY. Isolation 
and structural characterization of the         
major protein fraction from NorMan flaxseed 
(Linum usitatissimum L.). Food Chemistry. 
2005;90:271-279. 

21. Ganjewala D, Kumar S, Devi SA, Ambika           
K. Advances in cyanogenic glycosides 
biosynthesis and analyses in plants: A review. 
Acta Biologica Szegediensis. 2010;54(1):1-14. 

22. Tarpila A, Wennberg T, Tarpila S. Flaxseed           
as a functional food. Current Topics in 
Nutraceutical Research. 2005;3:167-188. 

23. Cardoso AP, Ernesto M, Cliff J, Egan SV, 
Bradbury JH. Cyanogenic potential of cassava 
flour: Field trial in Mozambique of a simple 
kit. International Journal of Food Sciences and 
Nutrition. 1998;49:93-9. 

24. Kwanyuen P, Burton JWA. Simple and rapid 
procedure for phytate determination in 
soybeans and soy products. Journal of the 
American Oil Chemists’ Society. 2005;82:81-
85. 

25. Colombini S, Broderick GA, Galasso I, 
Martinelli T, Rapetti L, Russo R, Reggiani R. 
Evaluation of Camelina sativa (L.) meal as an 
alternative protein source in ruminant rations. 

Journal of the Science of Food and Agriculture. 
2014;94(4):736-743.  

26. Kumar R, Singh M. Tannins: Their adverse 
role in ruminant nutrition. Journal of 
Agriculture and Food Chemistry. 1984;32(3): 
447-453. 

27. Sosuki FW, Ninja LA, Christensen DA. 
Trypsin inhibitors and nutritive value in 
cereals. Plant Foods and Human Nutrition. 
1988;38:23-34. 

28. Bhatty RS. Further compositional analyses             
of flax: mucilage, trypsin inhibitors and 
hydrocyanic acid. Journal of the American Oil 
Chemists’ Society. 1993;70(9):899-904. 

29. Tsukamoto C, Shimada S, Igita K, Kudo S, 
Kokubun M, Okubo K, Kitamura K. Factor 
affecting isoflavone content in soybean seeds: 
Changes in isoflavones, saponins, and 
composition of fatty acids at different 
temperatures during seed development. Journal 
of Agriculture and Food Chemistry. 1995; 
43(5):1184-1192. 

30. Gonçalves R, Soares S, Mateus N, De Freitas 
V. Inhibition of trypsin by condensed tannins 
and wine. Journal of Agriculture and Food 
Chemistry. 2007;55:7596–7600. 

__________________________________________________________________________________________ 
© Copyright International Knowledge Press. All rights reserved.  

View publication stats

https://www.researchgate.net/publication/313057285

