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ABSTRACT 
 

The objective research investigated the effect of flaxseed sprouting on chemical composition, fatty 
acid composition, antioxidants and flaxseed antinutrients during the four-day sprouting period. For 
attempts to reduce flaxseed levels of some antinutritional factors, such as cyanogenic glucosides, 
and improve nutrient palatability and availability, the sprouting technique has been used. After 4 
days of sprouting, the dry matter content of the seeds was decreased by 5.54%. Significant 
decreases in oil content were observed during the sprouting period, but there were increases in 
protein, fibre, P, Ca, Fe and Zn content. During sprouting, the content of cyanogenic glucosides as 
antinutrients has decreased, thus increasing the nutritional quality and the economic demand for 
flaxseed sprouts. Increases were also found in the value of free fatty acids, peroxide and 
saponification. In addition, unsaponifiable matter has been reduced. Among fatty acids, while 
linoleic and oleic were increased during the sprouting period, linolenic was decreased. The results 
revealed that in extracted oils, total phenols and antioxidant activity decreased during and at the 
end of sprouting, whereas flavonoids, carotenoids and chlorophylls increased.  
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1. INTRODUCTION 
 
Flaxseed (Linum usitatissimum) is one of the 
oldest crops, cultivated for oil and fiber. It was 
used for medical purposes in ancient Egypt and 
Greece, and as an energy source [1]. Flaxseed 
has nutritional and functional properties because 
it provides us with oil rich in omega-3, soluble 
dietary fibers, lignans, vitamin E, proteins and 
carbohydrates to satisfy basic needs of human 
diet and health maintenance [2]. Flaxseed has 
high content of α-linolenic acid, an essential fatty 
acid, usually greater than 50% of the fatty acid 
composition. However, α-linolenic acid is 
sensitive to oxidation and therefore, flaxseed oil 
is usually cold-pressed from the seed [3]. Other 
bioactive compounds of flaxseed are from the 
class of phenolic compounds, including lignans, 
flavonoids and phenolic acids [2], [4]. 

 
Currently, due to their estrogenic, antioxidant 
activity, anti-inflammatory activity, safety from 
some forms of tumour and cardiovascular 
diseases and even type 2 diabetes, flax lignans 
(mainly secoisolariciresinol diglucoside, SDG) 
are in focus [4],[5],[6],[7]. While flaxseeds are an 
excellent nutrient source, the use of raw 
flaxseeds is limited because they contain low 
levels of adverse healthy compounds such as 
cadmium, cyanogenic glycosides and trypsin 
inhibitors [2]. 

 
Some antinutrients, such as cyanogenic 
glucosides, were found in flaxseed. They are 
secondary plant metabolites consisting of α-
hydroxynitrile aglycone and a moiety of sugar [8]. 
Cyanogenic glucosides are converted to 
hydrogen cyanide (HCN) after plant tissue 
damage (by chewing or technical processing) by 
a two-step process [8]: first, cyanogenic 
glucosides are decomposed into cyanohydrins 
(α-hydroxynitrile) and sugars by β-glycosidase; 
second, cyanohydrins can decompose 
(spontaneously or in an enzymatic reaction 
catalyzed by hydroxynitrile lyase) and form HCN. 
After acid hydrolysis, cyanide hydrogen may also 
be released [9]. Due to their ability to connect 
ions such as iron, copper or manganese, both 
HCN and its anion type (CN

-
) are toxic to animals 

and humans; ions are functional groups of 
enzymes, particularly those of the respiratory 
cytochrome chain. Cyanide exposure can lead to 
fatal, acute intoxication. Chronic intoxication, 
however, has also been observed; long-term 
exposure to cyanide released from a rich-in-

cyanogenic diet has been shown to be 
responsible for human central nervous syndrome 
[10],[11]. The cyanogenic glucoside level in 
flaxseed depends on the variety of plants, 
climate, season, and type of soil [12]. Official 
analysis in the EU (Belgium) showed a total 
cyanide equivalent of up to 338 mg per 
kilogramme of flaxseed and meal cakes [8]. It is 
important to improve the control of the quantity of 
cyanogenic glucosides in popular food / feeding 
materials (e.g. flaxseed by-products and cassava 
chips) and the manufacturing effect on their 
quality, according to the EFSA recommendation 
[8]. 
 
There is a misconception among consumers 
about the consumption of raw flaxseeds, 
considering their good nutritional profile. This is 
due to the existence of cyanogenic glycosides, 
an antinutritional compound that is a potent 
respiratory inhibitor that interferes with the 
absorption of iodine and phytic acid, interfering 
with the availability of minerals by forming 
complexes [13]. 
 
The toxic cyanogen glycosides should be 
eliminated during the processing of flaxseed. An 
extraction process has suggested the elimination 
of cyanogenics from flaxseeds [14],[15]. 
However, the extraction fails to eliminate 
cyanogenics completely, but extracts beneficial 
flaxseed meal ingredients. 

 
Sprouting is an ancient habit embraced 
thousands of years ago by ancient Egyptians 
[16], a natural method of increasing 
bioavailability and decreasing cyanide poisoning 
of raw flaxseeds, and flaxseed sprouts are easily 
digestible, contain bioactive nutrients and are 
often referred to as miracle foods [17] [18]. 
Germination is a technical application that is 
commonly used for its ability to reduce seed 
levels of antinutritional factors and increase 
nutrient palatability and availability [19]. To date, 
cereals and pulses have been the most widely 
used sprouts. Reports on sprouts of soybean [20] 
and canola [21] examined the ability of crop 
seeds as sprouts for human nutrition. Sprout 
intake reduced the risk of cancer due to the 
presence of higher concentrations of 
phytochemicals that protect health. 

 
In order to resolve the antinutrients, various 
researchers have embraced the sprouting 
technique. Therefore, attempts to sprout 
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flaxseeds have been made to investigate 
improvements in their biochemical structure. In 
the literature on these aspects of sprouts of 
Egyptian flaxseed genotypes, however, scanty 
and scattered information is available. The 
objective of this study was to investigate the 
effect of sprouting on chemical, fatty acid 
composition, antioxidants and antinutrients of 
flaxseeds. 
 

2. MATERIALS AND METHODS 
 

2.1 Preparation of Flaxseed Sprouts 
 
Flaxseeds (Linum usitatissimum., Giza 12) were 
obtained from the Fiber Crops Department, Field 
Crops Research Institute, Agricultural Research 
Center, Giza, Egypt. The preliminary 
experimental process for flaxseed sprouting was 
achieved on plates with covers and the 
observation of the end sprouting stage and entry 
into the germinating stage (the presence of 
leaves) under the Egyptian environmental 
condition was on the 5th day, Fig. (1). Flaxseeds 
were then incubated on plates with covers for the 
sprouting process at room temperature (20 ± 

2°C) for 4 days in the dark due to the presence 
of leaves on the 5th day. The sprouted flaxseeds 
were dried at 40°C for further study, grounded 
and packed in tight air bags. 
 

2.2 Proximate Analysis 
 
For their proximate composition, the raw and 
sprouted flaxseeds were evaluated. The content 
of moisture, protein, fat, ash and fibre was 
determined according to AOAC [22]. Finally, the 
carbohydrate content was calculated by 
differences. All determinations were in three 
replicates. 
 

2.3 Minerals Analysis 
 
Minerals including, calcium, magnesium, iron and 
zinc were determined using an Atomic Absorption 
Spectrometry (Perkin Elmer Model 4100 ZL) 
according to procedure of the AOAC [22], while 
sodium and potassium were determined using 
flame photometer. On the other hand, using the 
colorimetric method, phosphorus was measured 
by the ascorbic acid technique. 

 

 
 

Fig. 1. Flaxseed sprouts 
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2.4 Cyanogenic Glycosides Content 
 

Cyanogenic glycosides were also analyzed using 
AOAC method [22]. In a Kjeldahl flask, about 20 
g of flaxseed meal was transferred, and then 200 
ml of water was added and combined with the 
sample. The solution was subsequently distilled 
after 2 h. Distillate was collected in a flask 
containing 20 ml 2.5% NaOH solution (0.5 g in 
20 ml H2O), until distilled to a definite volume. 8 
ml 6M NH4OH and 2 ml 5% KI solution were 
added to the distillate before titration with 0.02 M 
AgNO3 using a microburette. HCN was 
calculated as follow: HCN (mg) = ml of 0.02 M 
AgNO3×1.08. 
 

2.5 Physicochemical Parameters 
 

Free fatty acid (FFA) (as oleic acid, %), peroxide 
value (meq. O2 / Kg oil), refractive index (RI) 
(20ºC), conjugated dienes, conjugated trienes, 
saponification values and unsaponifiable matter 
of extracted oil from raw and sprouted flaxseeds 
were carried out according to AOCS [23]. 
 

2.6 Determination of Fatty Acids 
Composition 

 
Fatty acids of flaxseed oils were determined 
using of Gas Chromatography (Agilent 6890) 
(GC) apparatus. All oil samples have been 
measured in triplicates and the average value 
has been recorded according to the methods of 
Cossignani [24]. 
 

2.7 Pigment Content 
 
Chlorophyll and carotenoids in flaxseed oils were 
determined calorimetrically as previously 
described by Minguez-Mosquera [25]. 
 
2.8 Phytochemicals 
 
The extraction and determination of total phenols 
and flavonoid contents of flaxseed oils were 

determined according to the method of Gutfinger 
[26]. 

 
2.9 Antioxidant Activity 
 
Total phenols, as methanolic extracts, of flaxseed 
sprouts have been measured using 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radical- scavenging 
assay according to the method described by 
Gorinstein [27]. In 2.8 mL of DPPH solution (0.1 
mM in methanol), an aliquot of 0.2 mL methanol 
sample extract was added, vigorously and then 
still in the dark for 30min. At 517 nm, the 
absorbance was immediately measured using 
spectrophotometer. The ability to scavenge the 
radical DPPH has been calculated with the 
following equation: 
 
Inhibition percentage = (I%) = [(A0−A1)/A0] × 
100 
 
Where A0 is the absorbance of the control, A1 is 
the absorbance in the presence of sample. 

 
2.10 Statistical Analysis 
 
Using SPSS version 16.0 of the program, 
statistical analyses were performed. 

 
3. RESULTS AND DISCUSSION 
 
3.1 Proximate Composition of Flaxseeds 

During Sprouting 
 
Table (1) shows the proximate compositions of 
flaxseeds during sprouting. There were 
significant differences in moisture, oil, protein, 
fiber, ash and carbohydrate content in flaxseed 
during sprouting. The moisture content of 
flaxseeds was 6.31% at zero time then increased 
to 11.50% after 4 days of sprouting. These 
results agreed with Herchi [28] and Wang [29], 
while did not agree with Kajla [30] and Kaur [31]. 

 
Table 1. Approximate composition of flaxseeds during sprouting 

 
Characteristics Sprouting period (days) 

0 1
st

 2
nd

 3
rd

 4
th

 
Moisture 6.31±0.03

a
  9.32±0.02

 b
 10.83±0.13

 c
  11.20±0.10

 d
 11.50±0.05

 e
 

Oil 29.60±0.10e 26.40±0.05 d 23.51±0.11 c 22.10±0.04 b 20.35±0.56 a 
Proteins 20.10±0.10

a
 20.62±0.12

 b
 20.85±0.10

 c
 20.90±0.15

 c
 20.96±0.11

 c
 

Fibers 11.75±0.15a 12.20±0.05 b 12.46±0.06 c 12.75±0.04 d 12.79±0.01 d 
Ash 3.80±0.05

a
 3.99±0.07

 c
 3.90±0.05

 bc
 3.75±0.06

 a
 3.81±0.01

 a b
 

Carbohydrates 28.47±0.42
b
 27.47±0.31

 a
 28.44±0.45

 b
 29.30±0.39

 b
 30.59±0.73

 c
 

*a-e different superscripts indicate significant differences (p<0.05) 
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There was significant reduction in oil content of 
the sprouted flaxseeds when compared to the 
flaxseeds at zero time (29.60%) (Table 1), this 
trend is in agreement with that reported by 
Herchi [28], Kajla [30] and Narina [32]. The oil is 
the main source of energy during sprouting [33]. 
Results also revealed that protein content has 
slightly increased from 20.10% at zero time to 
20.96% during sprouting. This might be due to 
synthesis of hydrolytic enzymes during 
germination [20]. Similar trends in protein content 
in flaxseeds were recorded [28],[30],[34]. 
 

As a result of the sprouting of flaxseed, the fibre 
content increased, reaching 12.97 percent (Table 
1). These may be due to the degradation of the 
nutrients. Similar results reported by Kaur [31]. 
Germination could be an effective way of 
improving the fiber content in foods [35],[36]. 
 

The data in Table (1) indicates that the ash and 
carbohydrate contents were 3.80 and 28.47% at 
zero time, which increased and decreased during 
sprouting, respectively. The changes during 
sprouting are greatly associated with the 
activation of some endogenous enzymes making 
sprouted foods higher in nutritional quality 
compared to non-sprouted seeds [37]. 
 

3.2 Effect of Sprouting on Minerals 
Content in Flaxseeds 

 

Table (2) shows that all macro minerals were 
decreased during sprouting, with the exception of 
phosphorus and calcium, as well as micro 
minerals (Fe, Zn) that were increased. These 
findings agreed with Narina [34]. This indicates 
that flax sprouts could be healthier due to 
availability of essential micronutrients (Fe and 
Zn) and can be used as potential alternative in 
place of ground flax seed for human 
consumption, reflecting a rise in demand for the 
economy. 

Changes in the mineral content of sprouts can be 
associated with a change in the composition of 
specific amino acids to simpler amino acids, 
along with the production of non-protein amino 
acids [38] [34]. The increase in mineral content in 
germinated flaxseed might be due to hydrolysis 
of complex organic compounds by endogenous 
enzymes and release more nutrients leaving the 
antinutrients to leach into the germination 
medium [30]. Due to respiration during the 
sprouting process, this is a loss in total dry 
matter, an increase in total protein, a decrease in 
starch, an increase in sugars, and a slight 
increase in some vitamins and minerals [39]. In 
addition, phytic acid in the seed is depleted 
during germination due to the activity of phytase 
enzymes, resulting in increased trace mineral 
availability compared to dry seeds [40]. 
 

3.3 Effect of Sprouting on Cyanogenic 
Glucosides Content in Flaxseeds 

 
Cyanogenic glucosides, as antinutrients, are 
nitrogenous secondary plant metabolites derived 
from amino acids. It induces chronic effects that 
occur in the nervous system and is seen in 
populations that consume large levels of cyanate 
in foods [41]. Fig. (2) shows effect of sprouting of 
flaxseed on cyanogenic glycosides content. The 
findings showed that the content of cyanogenic 
glycosides was decreased from 140.20 to 41.20 
mg / kg after 4 days from sprouting. Reduction 
(%) was increased with sprouting approximately 
70%. These findings agreed with Kajla [30], who 
suggested that cyanogenic glycosides content in 
raw flaxseed varieties ranged from 421.20 to 
559.15 mg / kg and observed a decrease in the 
content of cyanogenic glycosides in germinated 
flaxseed varieties. Wanasundara [17] reported 
that cyanogenic glycosides in germinated 
flaxseeds decreased by about 70%. 
 

Table 2. Effect of Sprouting on minerals content in flaxseeds 
 

Minerals (mg/kg) Sprouting period (days) 
0 1st 2nd 3rd 4th 

Macro minerals: 
Phosphorus (P) 3100.25 3345.10 3521.54 3862.40 4125.35 
Calcium (Ca) 1210.12 1217.25 1225.42 1236.30 1245 
Magnesium (Mg) 3846.47 3584.12 3112.85 2759.64 2530.114 
Potassium (K) 511.24 486.52 467.58 443.23 421.36 
Sodium (Na) 302.51 274.14 243.69 210.36 175.32 
Micro minerals 
Iron (Fe) 50.14 59.35 65.78 72.69 80.23 
Zinc (Zn) 40.51 48.61 57.10 65.42 71.54 
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Fig. 2. Effect of Sprouting on cyanogenic glucosides content in flaxseeds 
 

During germination, the absence of cyanogenic 
glycosides decreases the risk of developing 
HCN, thus enhancing the nutritional quality of 
flaxseed sprouts, reflecting an increase in 
economic demand. 
 
3.4 Effect of Sprouting on Some Physical 

and Chemical Characteristics of 
Extracted Oils Form Flaxseeds 

 
With regard to physical and chemical 
characteristics of extracted oils form sprouting 
flaxseeds, (Table 3), results revealed that there 
was significantly decrease in refractive index and 
unsaponifiable matter with Sprouting (1.4733-
1.4722) and (1.08-0.89%), respectively. This may 
be associated with a decrease in the content of 
oil during sprouting. On the other side, FFA, 
peroxide value, CD, CT. TBA value and 
Saponification value increased with sprouting. 
FFA increased from 0.36 to 1.16% (as oleic acid). 
This agreed with Herchi [28] and Wanasundara 
[42]. The high levels of free fatty acids have been 
found in flax sprouts [43]. During the germination 
period of oilseeds, lipolytic activity is very high 
and, depending on the plant species, the lipase 
may be located in the membrane of the lipid 
bodies or in other cellular compartments [44]. 
The lipolytic activity in flaxseeds increased during 
germination [42],[45]. 

 
Data in Table (3) indicated that peroxide value 
increased from 1.90 to 2.69 (meq O2/kg oil) after 
4 days of sprouting. These values were lower 
than 15 meq O2/kg oil, which is the cold pressed 
and virgin oils' highest limit of peroxide content 
Codex Alimentarius Commission Standard. CD, 

CT and TBA increased during sprouting and 
ranged between (1.72-1.91), (0.22-0.32) and 
(0.52-0.78 mg malonaldehyde/kg oil), 
respectively. These results agreed with Herchi 
[28]. Conjugated diene (CD) and conjugated 
triene (CT) seem to be important parameters for 
the determination of primary product of oil 
oxidation [46]. TBA test measures a secondary 
product (malonaldehyde) of oil oxidation. 
 
Saponification value (SV) is an indication of the 
molecular weights of triglycerides in oil [47]. 
Saponification values were significantly 
increased from 192.62 to 196.84 (mg KOH/g) 
after 4 days of sprouting (Table 3). The lower 
FFA, peroxide value, CD, CT and TBA values of 
sprouted flaxseed oil indicated that the oil has a 
better quality and suitable as edible oil. 

 
3.5 Effect of Sprouting on Fatty Acid 

Composition of Extracted Oils Form 
Flaxseeds 

 
Data in Table (4) indicated fatty acid composition 
of flaxseeds during sprouting for 4 days. The 
main unsaturated fatty acids were C18:3, C18:1 
and C18:2, while the most saturated fatty acids 
were C18:0 and C16:0. By observing in during 
sprouting, C16:0 was increased from 7.80 to 
7.91% on the first day of germination and then 
decreased and increased, even C16:1 had the 
same pattern. Narina [32] suggested that C16:0 
had decreased in flax sprouts. There was no 
significance difference in the first 2 days of 
sprouting and there was a significance difference 
in the 3rd and 4th day of sprouting. 
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Table 3. Some physical and chemical characteristics of extracted oils form sprouting flaxseeds 
 

Characteristics Sprouting period (days) 
0 1

st
 2

nd
 3

rd
 4

th
 

Refractive index (at 20° C) 1.4733±0.0001
e 

1.4729±0.0001
 d

 1.4726±0.0001
 c

 1.4724±0.0001
 b

 1.4722±0.0001
a

 
FFA % (as oleic acid) 0.36±0.02 a  0.56±0.04 b 0.78±0.05 c 0.96±0.04 d 1.16±0.05 e 
Peroxide value (meq O2/kg oil) 1.90±0.05 a 2.11±0.04 b 2.42±0.09 c 2.50±0.09 c 2.69±0.09 d 
CD 

232nm
 1.72±0.02

 a
 1.78±0.04

 b
 1.82±0.02

 b c
 1.86±0.03

 cd
 1.91±0.04

 d
 

CT 268nm 0.22±0.02 a 0.25±0.02 a 0.28±0.01 b 0.31±0.01 b c 0.32±0.02 c 
TBA value (mg malonaldehyde/kg oil) 0.52±0.03

 a
 0.62±0.06

 b
 0.69±0.05

 c
 0.72±0.03

 cd
 0.78±0.03

 d
 

Saponification value (mg KOH/g) 192.62±0.73 a 193.66±0.20ab 194.62±0.78bc 195.68±0.76cd 196.84±0.73 d 
Unsaponifiable matter (%) 1.08±0.02

 d
 1.01±0.02

 c
 0.96±0.02

 b
 0.93±0.02

 b
 0.89±0.03

 a
 

*a-e different superscripts indicate significant differences (p<0.05) 
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Results revealed that C18:3 decreased from 
53.59% at zero time to 48.75% after 4 days of 
sprouting (Table 4). Also, C20:1 decreased during 
sprouting. On the other side, C18:2, C18:1 and C20:0 

increased during sprouting. These results agreed 
with Wanasundara [42], Narina [32] and Kaur 
[31]. Fatty acid composition of flaxseed oil 
extracted from flax sprouts agreed with Codex 
Alimentarius Commission (1999) Standard. 
 
Data also showed that PUSFA and C18:3/ C18:2 

decreased during sprouting while C18:1/ C18:2 

increased. Narina [32] indicated that PUSFA 
decreased in flax sprouts. The ratio of n-3 and n-
6 fatty acids is important for human health. 
Flaxseed oil has a very desirable omega-3: 
omega-6 ratio of 1: 0.3 [48]. According to the 
Codex Alimentarius Commission (1999) 
Standard, the fatty acid composition of flaxseed 

oil extracted from flax sprouts were still within the 
limits for fatty acid composition of flaxseed oil. 
 

3.6 Effect of Sprouting on 
Phytochemicals of Extracted Oils 
Form Flaxseeds 

 

Phytochemicals are important plant secondary 
metabolic products produced during the growth 
of plants [37]. There was a significance 
difference in total flaxseed oil phenols extracted 
from flaxseed sprouts, i.e. total phenols reduced 
from 89.66 to 62.46 mg/100 g oil (Table. 5). 
Similar findings were found by Herchi [28]. Gujral 
[49] cited that the decrease in total phenol 
content during germination is related to 
enzymatic activity. Randhir [50] reported that the 
germination causes the total phenolic content in 
Green Mung to decrease. 
 

Table 4. Fatty acid composition of flaxseed oils extracted form Sprouting flaxseeds 
 

Fatty 
acids % 

Sprouting period (days) Codex 
standard 
(1999) 

0 1
st

 2
nd

 3
rd

 4
th

 

C16:0 7.80±0.05
d 

7.91±0.04
e

  7.32±0.02
a

 7.48±0.02
b

 7.73±0.03
c

 4.0-11.3 
C16:1 0.15±0.04

 b
  0.16±0.01

 b
  0.13±0.01

 ab
 0.09±0.01

 a
  0.10±0.01

 a
  ND-0.5 

C18:0 3.48±0.06 a 3.45±0.03 a 3.57±0.06 ab 3.66±0.04b 4.47±0.13 c 2.0-8.0 
C18:1 19.13±0.16

a
 20.85±0.05

b
 21.27±0.05

c
 21.34±0.03

c
 21.84±0.04

d
 9.8-36.0 

C18:2 15.45±0.05a 16.13±0.08b 16.40±0.12c 16.43±0.06c 16.71±0.10d 8.3-30.0 
C18:3 53.59±0.17

e
 51.07±0.06

d
 50.85±0.14

c
 50.57±0.06

b
 48.75±0.13

a
 43.8-70.0 

C20:0 0.19±0.01 a 0.21±0.01 a 0.27±0.02b 0.30±0.01c 0.36±0.01d ND-1.0 
C20:1 0.22±0.02

 c
 0.21±0.01

 c
 0.20±0.02

 c
 0.13±0.02

 b
 0.05±0.01

a
 ND-1.2 

Σ SFA* 11.47±0.10
b
 11.57±0.06

b
  11.15±0.07

a
 11.43±0.06

b
  12.56±0.11

c
  

Σ USFA** 88.53±0.10b 88.43±0.06b  88.85±0.06c 88.56±0.06b 87.44±0.11a   
MUSFA*** 19.50±0.12

a
 21.22±0.05

b
 21.60±0.06

c
 21.56±0.05

c
 21.99±0.04

d
  

PUSFA**** 69.03±0.21d 67.21±0.02c 67.25±0.09c 67.00±0.00b 65.45±0.10a  
C18:1/ C18:2 1.24±0.02

 a
 1.29±0.01

 b
 1.30±0.01

 b
 1.30±0.01

 b
 1.31±0.01

 b
  

C18:3/ C18:2 3.47±0.00
 d
 3.17±0.02

 c
 3.10±0.03

b
 3.08±0.02

b
 2.92±0.02

 a
  

USFA/ SFA 7.72±0.08 b 7.64±0.05 b 7.97±0.05 c 7.74±0.04 b 6.96±0.07 a  
*a-e different superscripts indicate significant differences (p<0.05); * SFA: Saturated Fatty Acids. ** USFA: 

Unsaturated Fatty Acids. *** MUSFA: Monounsaturated Fatty Acids. **** PUSFA: Polyunsaturated Fatty Acids 
 

Table 5. Phytochemicals of flaxseed oils extracted from Sprouting flaxseeds 
 

Phytochemicals Sprouting period (days) 
0 1st 2nd 3rd 4th 

Total phenols (mg/100 
g oil) as ferulic acid 
equivalents 

89.66±1.07e 80.11±1.36d 74.44±1.10c 68.31±0.74b 62.46±0.56a 

Total flavonoids 
(mg/100 g oil) 

11.48±0.38 a 13.29±0.43 c 14.10±0.37 d 12.52±0.17 b 12.27±0.16 b 

Chlorophyll (mg/kg oil) 4.75±0.11
 a
 5.89±0.07

 b
 6.04±0.07

 b
 6.63±0.12

 c
 7.12±0.07

 d
 

Carotenoids (mg/kg 
oil) 

2.34±0.11 a 4.19±0.07 b 5.36±0.12 c 6.12±0.07 d 6.46±0.12 e 

Antioxidant activity (%) 40.28±0.60
 e

 38.78±0.28
 d
 35.39±0.41

 c
 32.38±0.17

 b
 29.32±0.46

a
 

*a-e different superscripts indicate significant differences (p<0.05) 
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Due to L-phenylalanine changes to cinnamic acid 
during growth under the effect of phenylalanine 
ammonia lyase (PAL) catalyzation [51], the total 
flavonoid content increased on the first and 
second days and then dropped on the third and 
fourth days. From then on, many phenolic 
components such as caffeic acid, ferulic and 
others are synthesized. These can later be 
converted into tannins, flavonoids and other 
compounds. These phytochemicals have 
antioxidant properties. 
 
Both chlorophylls and carotenoids are 
considered to have an important role in keeping 
the quality of edible oils, mainly due to their 
action as photo-sensitizers or singlet oxygen 
quenchers, respectively [52]. The contents of 
chlorophylls and carotenoids in flaxseed oils 
extracted from sprouting flaxseeds were 
increased from 4.75 and 2.34 to 7.12 and 6.46 
(mg/kg oil), respectively after 4 days of sprouting 
(Table 5). Carotenoids content in flaxseed oils 
varied from 2 to 11.5 (mg/kg oil) [53]. 
 
Antioxidant activity with higher values indicating 
greater antioxidant activity was expressed as a 
percentage of DPPH radical scavenging activity. 
The antioxidant activity decreased from 40.28% 
of the zero time to 29.32% of the fourth day 
(Table. 5) during sprouting at an approximately 
constant rate. The percentage of antioxidant 
activity during and at the end of sprouting shows 
steadily decreased values due to the decrease in 
total phenol levels, this decrease in antioxidant 
activity is not equal to a substantial decrease in 
total phenol levels due to an increase in the 
levels of flavonoids and carotenoids (Table. 5), 
which serves as a control in the dropdown in 
antioxidant activity. It has been found that the 
scavenging activity of plant constituents relates 
to polyphenolic compounds [54]. Polyphenols 
have a positive correlation with antioxidant 
activity, more the quantity of polyphenols 
extracted, more the activity of antioxidants [55]. 
 

4. CONCLUSION 
 
During sprouting, the chemical composition of 
flaxseeds was changed; oil content was 
decreased while protein and fibers were 
increased. Flaxseed sprouts could be healthier 
due to availability of essential micronutrients (Fe 
and Zn) and reduction in cyanogenic glucosides. 
The absence of cyanogenic glycosides during 
germination, from a nutritional and economic 
point of view, reduces the risk of developing HCN 
and thus improves the nutritional quality of 

flaxseed sprouts, reflecting the rise in economic 
demand. It is remarkable that flaxseed oils 
extracted from sprouts contained significantly 
higher FFA, PV. The predominant fatty acids of 
flaxseed oil extracted from flaxseed sprouts were 
C18:3, C18:2 and C18:1 and also were within the 
limits fixed by CODEX. Moreover, during 
flaxseed sprouting, the phytochemical content 
was slightly decreased. 
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