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ABSTRACT 

This study was conducted to verify if the processing and storage of brown flaxseed whole flour result in loss of func-
tional properties, such as reduced linolenic acid content, increased lipid peroxidation and sensory changes. The flours 
were obtained from seeds dried by heat treatment in oven at 150˚C, for 15 minutes and subsequent grinding to obtain 
flour with a particle size of 20 mesh. Meal samples, with and without synthetic antioxidants (BHA and BHT combined, 
at 100 ppm each), were stored for a thirty-day period, under similar conditions to those used commercially. The lino-
lenic acid content was quantified by gas chromatography. Lipid peroxidation was analyzed by thiobarbituric acid reac-
tive substance assay. Color and flavor were evaluated by sensory tests. The linolenic acid content and lipid peroxida-
tion did not significantly change after processing or during storage. Fluctuations in color and flavor occurred during 
storage, but at the end of 30 days, only the heat treatment presented negative effect (p < 0.05) on the parameter color. 
Heat treatment and thirty-day storage period do not change the stability of n-3 fatty acid in brown flaxseed whole flour. 
 
Keywords: Flaxseed, Flour, Omega-3, Lipid Peroxidation, Heat Treatment 

1. Introduction 

The increasing interest of consumers in disease preven-
tion and the scientific evidence about the benefits of 
functional foods have stimulated the food industry to 
invest in the development of healthier products. The in-
creased intake of alpha linolenic acid (omega-3) has been 
associated with prevention of chronic noncommunicable 
diseases [1-4] and nutritional benefits[5]. Thus, it is sug-
gested that the highest intake of omega-3 is important to 
correct the high ratio of omega-6/omega-3 in Western 
diets [6], which have been associated with the installation 
of inflammatory processes related to the pathogenesis of 
several diseases [7].  

Flaxseed (Linum usitatissimum L.) has approximately 
40% of total lipids, out of which about 50 to 55% is 
composed of α-linolenic acid (omega-3), and 15 to 18%, 
of α-linoleic acid (omega-6), with a favorable balance of 
polyunsaturated, monounsaturated and saturated fatty 

acids [8,9]. Flax seed is considered the highest vegetable 
source of essential fatty acid for human diet [10,11], due 
to its high concentration of α-linolenic acid. It also pro-
vides other bioactive compounds, such as phenolic com-
pounds, including lignans, vitamin E and dietary fiber 
[11]. 

Flaxseed has generally been used as raw whole seeds 
in food. However, the seeds are not completely digested 
in the digestive tract, and the bioavailability of its bioac-
tive compounds, including linolenic acid, can be impaired. 

It is assumed that the milling of flaxseed is an excel-
lent strategy to increase the bioavailability of the bioac-
tive compounds [12]. The seed heat treatment may in-
crease product life by reducing humidity and improving 
the physical properties of food, making it more suitable 
to partially replace starch and eliminating cyanogenic 
compounds, which have toxic potential [13]. Therefore, 
the mechanical and heat processing of flaxseed is the 
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most appropriate way to solve the problem already men-
tioned. 

However, due to the high content of polyunsaturated 
fatty acids, seeds may be susceptible to oxidation by ex-
posure to heat and oxygen. The oxidation of lipids in 
flaxseed is undesirable, since it decreases the functional 
potential of seeds as a source of omega-3, and produces 
toxic compounds to human health [14]. There are few 
studies that investigated the stability of linolenic acid in 
flaxseed meal during processing and storage. The food 
industry is interested in knowing the processing condi-
tions that preserve the linolenic acid from flaxseed, since 
flour is an attractive technological strategy for the use of 
flaxseed to enrich products and as a source of bioactive 
compounds. 

The present study aimed to evaluate the oxidative sta-
bility of linolenic acid from brown flaxseed whole flour 
after processing and during a 30-day storage period. 

2. Materials and Methods 

2.1. Experimental Design 

The study on flaxseed oxidative stability during process-
ing was composed of nine treatments subdivided in a 3 × 
3 factorial scheme (three types of ovens and three 
sub-treatments with binomial combinations of time, 
temperature and power). For the study on oxidative sta-
bility during storage, the experiment was arranged in a 3 
× 5 factorial scheme (3 types of meal and 5 storage peri-
ods) to evaluate the lipid peroxidation level and linolenic 
acid content. These experiments were arranged in a com-
pletely randomized design with three replications in du-
plicates.  

2.2. Heat Treatment of Whole Flaxseed Flours 
(Time × Temperature × Equipment) 

The flours were prepared from seeds dried by the heat 
 

treatments described in Table 1. After drying, the seeds 
were cooled to room temperature and ground in a blender 
(Britânia Bellagio - V5) at average speed, for three min-
utes. Then, they passed through a 20-mesh sieve. The 
control treatment consisted of raw flaxseeds ground un-
der the same conditions. The moisture content of flours 
and seeds was determined according to the AOAC [15] 
to quantify the humidity reduction. 

2.3. Storage Conditions 

The sample achieved from heat treatment in air circula-
tion oven (150˚C for 15 minutes) was selected from the 
flours analyzed for oxidative stability during storage. 
Samples under three different storage conditions were 
prepared for the lipid peroxidation assay, and linolenic 
acid quantification: I) meal obtained from heat treated 
seeds without antioxidants – TT; II) meal obtained from 
heat treated seeds containing combined synthetic anti-
oxidants (butylhydroxyanisole -BHA at 25 ppm and bu-
tylhydroxytoluene- BHT at 25 ppm added after thermal 
treatment and cooling) – ATT and III) meal obtained 
from raw seed, as the control – RS. The flours were di-
vided into 100 g samples, packed in polypropylene bags 
and sealed manually. The flours were stored, without 
light control, at room temperature (20 - 25˚C), for thirty 
days. The samples were removed at 0, 7, 14, 21 and 30 
days of storage for sensory analysis. Sample aliquots 
were stored in an ultra-freezer (–80˚C) for the lipid per-
oxidation assay and linolenic acid quantification. 

2.4. Lipid Peroxidation Analysis and Linolenic 
Acid Content in the Flours 

The thiobarbituric acid reactive substance (TBARS) test 
was used to assess lipid peroxidation according to Buege 
and Aust [16]. Briefly, flour samples (0.5 g) were trans-
ferred to test tubes containing TBARS reagent (2.0 mL) 
composed of trichoroacetic acid 15% (w/w) and thiobar-  

Table 1. Types of heat treatments for seed drying. 

Domestic Oven  Oven with air circulation Microwave Oven 

Time (min) Temperature (˚C)  Time (min) Temperature (˚C) Time (min) Power (W) 

15 120  - - - - 

15 150  - - - - 

15 180  - - -  

- -  15 60 - - 

- -  15 120 - - 

- -  15 150 - - 

- -  - - 2 Moderate 

- -  - - 5 Moderate 

- -  - - 8 Moderate 
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bituric acid 0.375% (w/v) in hydrochloride acid solution 
(0.25 mol/L). The reaction mixture was maintained in 
water bath at 100° for 15 minutes. Then, the mixture was 
cooled and centrifuged at 980 g for 5 minutes. The ab-
sorbance was read at 535 nm with a Shimadzu UV-1601 
spectrophotometer. The malondialdehyde (MDA) con-
centration was calculated using a molar absorption coef-
ficient of 1.56 × 105 M–1·cm–1. The fat content of the 
samples was assessed and the results were expressed as 
MDA equivalent per gram of lipid. 

The linolenic acid was quantified by gas chromatog-
raphy. Lipid extraction from samples of whole flaxseed 
flour (0.1 g) was performed according to Folch, Lees and 
Stanley [17]. The extracted lipids were submitted to sa-
ponification and esterification to obtain methyl ester de-
rivatives [18]. Sample aliquots (1.0 μL) containing me-
thyl esters were injected into a gas chromatograph, 
(SHIMADZU AOC-17) equipped with an auto-injector 
and an integrator (Shimadzu C-R7A). Capillary column 
Carbowax (30 mm × 0.25 mm) was maintained at 200˚C 
for 10 minutes; and at heating from 6˚C to 240˚C for 
16.6 minutes. The following chromatographic conditions 
were adopted: injector and detector temperatures of 
240˚C and 260˚C, respectively, split ratio set at 1:20. 
Nitrogen was used as a carrier gas at a 0.5 mL/min flow 
rate, and 100 Kpa pressure. A linolenic acid analytical 
curve ranging from 0 to 1000 ppm (r2 = 0.996) was used 
to quantify omega-3 fatty acid. 

2.5. Sensory Tests 

Twenty trained judges, 17 females and 3 males between 
19 and 25 years of age, carried out the sensory tests. 
Color and aroma parameters were evaluated using the 
multiple comparison test proposed by the Brazilian As- 
sociation of Technical Standards [19]. Samples (standard 
and tests) were arranged in a completely randomized 
block design. The judges received a standard sample 
identified by the letter P and test samples assigned with 
random three-digit code numbers. Judges were asked to 
evaluate each test sample in comparison to the standard 
sample (heat treated meal and meal prepared immedi- 
ately before testing). For the standard sample, the compa- 
rison scale ranged from much extremely below the stan- 
dard (score 1) to extremely better than standard (score 7), 
and a score of 4 was considered equal to the standard. 
All protocols complied with the ethical committee guide- 
lines and the experiment was approved by the CERH/ 
UFV- Committee on Ethics in Research involving Hu- 
mans of the Federal University of Viçosa, Brazil. 

2.6. Statistical Analysis 

The data were statistically analyzed using ANOVA and 

regression analysis. For the qualitative factors (heat treat- 
ments and types of meal), the averages were compared 
by the Tukey test at 5% probability. The quantitative 
factor (days of storage) and the models were selected 
based on the significance of the regression coefficients 
and the biological phenomenon. 

3. Results and Discussion 

Regardless of the equipment and binomial combinations 
(time, temperature and power), the heat treatment did not 
affect the lipid peroxidation of the flours (p > 0.05). The 
MDA concentration in the heat treated seed meal ranged 
from 0.0052 to 0.4050 nmol of MDA equivalents per 
gram of lipid, and from 0.0060 to 0.2650 nmol of MDA 
equivalents per gram of lipid in the raw seed meal. These 
results demonstrated that brown flaxseed wholemeal is 
stable in heat treatment under the conditions used. The 
oxidative degradation of flaxseed oil was previously 
demonstrated in conditions of extreme degradation, by 
microwave heating [20].  

Considering the oxidative stability of flaxseed meal for 
the drying methods, we select the heat treatment in air 
circulation oven (150˚C for 15 minutes) for the analysis 
of stability during storage. No difference was observed in 
lipid peroxidation levels among the flours during the 30- 
day storage (p > 0.05) (Table 2). Under the conditions of 
this study, the combination of reduced moisture content 
(from 4.67% in seeds to 2.33% in flaxseed flour) and the 
addition of antioxidant additives (BHT and BHA) did not 
improve flour preservation. 

The linolenic acid content did not differ among the 
flours during the evaluated storage time (Table 3). There 
was no statistically significant difference in the content 
of the other fatty acids: myristic, palmitic, oleic, linoleic 
(data not shown). 

The results corroborated the oxidative stability of 
omega-3 fatty acid, which was demonstrated by the per-
oxidation marker (malondialdehyde). Likewise, Malcoul- 
mson et al. reported that meals from two flaxseed varie- 
ties stored for 128 days at room temperature and pro- 
tected from light presented no changes in their linolenic 
acid content [21]. In our research, the samples were also 
maintained at room temperature, but not protected from 
light, similarly to commercial conditions. These results 
support the hypothesis of the existence of components in 
the flaxseed matrix that protect polyunsaturated fatty 
acids against oxidation [22,23]. 

Table 4 shows the scores assigned to the flour pa-
rameters color and aroma in the sensory test during the 
30-day storage. After 7 days of storage, the TT flour pre- 
sented significant difference from the other samples for 
the parameter color, which was regularly considered in- 
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Table 2. Malondialdehyde concentration (nmol/gram of lipid) in brown flaxseed wholemeal subjected to different heat treat-
ments (TT, ATT, RS) and storage periods. 

Storage (days) TTa ATTb RSc 

0 0.2217a 0.2334a 0.1781a 

7 0.3400a 0.2810a 0.2662a 

14 0.2750a 0.2156a 0.3251a 

21 0.1383a 0.1447a 0.1858a 

30 0.2304a 0.2261a 0.2593a 

TTa: heat treatment without synthetic antioxidants, ATTb: heat treatment with combined synthetic antioxidants (butylhydroxyanisole at 25 ppm and butylhy-
droxytoluene at 25 ppm), RSc: raw seed. Means followed by the same letter in the lines are not significantly different (Tukey test at 5% probability). 

 
Table 3. Linolenic acid content (grams/100 g) in brown flaxseed wholemeal subjected to different heat treatments (TT, ATT, 
RS) and storage periods. 

Storage (days) TTa ATTb RSc 

0 10.440a 13.528a 9.866a 

7 13.566a 7.053a 14.012a 

14 9.038a 13.951a 8.517a 

21 13.247a 12.403a 14.166a 

30 12.605a 14.437a 9.496a 

TTa: heat treatment without synthetic antioxidants, ATTb: heat treatment with combined sinthetic antioxidants (butylhydroxyanisole at 25 ppm and butylhy-
droxytoluene at 25 ppm), RSc: raw seed. Means followed by the same letter in the lines are not significantly different (Tukey test at 5% probability). 

 
Table 4. Scores for color and aroma of brown flaxseed wholemeal subjected to different heat treatments (TT, ATT, RS) and 
storage time. 

Color Aroma 
Storage (days) 

TTa ATTb RSc TTa ATTb RSc 

0 4.10a 2.65b 4.60a 4.00a 2.55b 3.35a 

7 2.70b 4.25a 4.05a 2.75b 3.55a 3.05a 

14 2.60b 4.35a 4.15a 2.65b 3.85a 3.55a 

21 2.10b 4.15a 4.25a 2.30b 3.40a 3.05a 

30 2.00b 3.90a 4.15a 2.30b 3.05a 2.85a 

TTa: heat treatment without synthetic antioxidants, ATTb: heat treatment with combined synthetic antioxidants (butylhydroxyanisole at 25 ppm and butylhy-
droxytoluene at 25 ppm), RSc: raw seed. Means followed by the same letter in the lines are not significantly different (Tukey test at 5% probability). 

 
ferior to the standard. This result demonstrated that the 
combination of BHA and BHT contributed to the preser- 
vation of the color attribute, which was negatively affe- 
cted by the heat treatment. Oscillations were also obser- 
ved in scores for aroma during storage, but there was no 
significant difference among the samples after thirty days 
of storage, and scores remained between equal and slight- 
ly below the standard, demonstrating that the addition of 
antioxidants did not affect the analyzed attribute. 

Figure 1 shows the profile of the parameters aroma 
and color of samples stored with and without antioxi-
dants. The flour-TT obtained decreasing scores for color 
and flavor throughout the storage period (Figure 1(a)). 
Flour-ATT achieved increasing scores for color and  

aroma up to the 14th storage day and decreasing scores 
from the twentieth day onwards. But the mean scores at 
the final storage period were higher than the scores at-
tributed at time zero (Figure 1(b)). No effect of time of 
storage on aroma and color was found for raw meal (RS). 

The results indicated that the heat treatment negatively 
affected the preservation of color and aroma of the brown 
flaxseed wholemeal. The addition of BHA and BHT con- 
tributed to the preservation of both parameters only from 
the 7th to the 21st day. The flour obtained from raw seeds 
showed color and aroma stability higher than the other 
two. 

In summary, no significant differences were observed 
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Figure 1. Scores for aroma and color of brown flaxseed wholemeal without (a) and with synthetic antioxidants (b) at different 
storage times. Color: Y = –0.005x2 + 0.1802x + 2.8421 and Aroma: Y = –0.0042 x2 + 0.1371 + 2.6469. 
 
peroxidation level after processing and during the storage 
period, indicating oxidative stability of the lipid fraction 
of flaxseed. However, some changes were sensory per-
ceptible in the flours analyzed. This demonstrates the 
importance of sensory tests which are able to detect sub-
tle changes in a food matrix, in magnitudes which are 
than the statistical significance. Further studies should be 
carried out in order to identify compound degradations 
that interfere in the sensory attributes of flaxseed meal 
during storage. The appearance of a product causes a 
great impact on consumer’s choice. Color is the most 
relevant characteristic and is considered the first criterion 
for the acceptance or rejection of products. However, the 
changes in color and flavor can be minimized when the 
flaxseed wholemeal is used as an ingredient in novel 
products. 
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