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Abstract.
BACKGROUND: Flaxseeds are miraculous seeds because of their richness in omega-3, fibers and other healthy compounds,
they can be used as a natural remedy for several diseases.
OBJECTIVE: This study was carried out to determine the feasibility of supplementing flaxseed powder to yogurt at 3% to
benefit from its functional effects such as its richness in proteins, dietary fiber, polysaccharides, polyphenolic compounds
and essential fatty acids for health.
METHODS: Two types of milk powder were used for the manufacture of yogurt: skimmed milk powder at 15% (w/v) and
whole milk powder at 13.7% (w/v). Physicochemical (pH and titratable acidity), microbial (Streptococcus thermophilus and
Lactobacillus bulgaricus) and sensory (texture, odour, taste and color) properties of this supplementation were evaluated
during the fermentation time and storage at 4◦C.
RESULTS: The addition of ground linseed (GFS) decreased the pH values and increased the titratable acidity values during
fermentation and refrigerated storage, especially in the case of yogurt manufactured using whole milk powder, where the
average pH of samples decreased from 4.37 to 4.20 after 28 days storage while the average titratable acidity increased from
78 to 105◦D. Sensory evaluation revealed that supplemented yogurt had better sensory texture, taste and odour scores than
the control sample. Supplementation of GFS significantly increased the average values of lactic acid bacteria CFU counts
but at values not exceeding 1.25 × 108 CFU/ml for S. thermophilus and 0.85 × 107 CFU/ml for Lactobacilllus bulgaricus
indicating the possibility of prolonging the shelf life of yogurt.
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CONCLUSION: The study concludes that the supplementation of yogurt by GFS is appreciated by the tasters and allows to
keep a desirable physicochemical properties of the dairy product.

Keywords: Ground flaxseed, yogurt, whole milk powder, skimmed milk powder, pH, titratable acidity, lactic acid bacteria,
sensory properties

1. Introduction

Yogurt is the most popular fermented fresh dairy product and most consumed in the world [1, 2]. It has several
beneficial health effects because of its functional properties of viable microorganisms and the allegation of health
recently authorized the consumption of yogurt to improve lactose digestion for individuals with intolerance for
lactose [3].

The current dynamic of the market for dairy products, including yogurt, forces industry to constantly formulate
new recipes. These recipes must meet the demands of consumers who expect natural products with low sugar,
low fat and without preservatives while respecting the mouth feel and aroma, which largely determine product
acceptability [4].

In recent years, many different food ingredients, such as dietary fiber [5], evening primrose oil [6], �-glucan
[7, 8], nanopowdered chitosan [9], green and black teas [10] and lentil flour [11] have been included in yogurt
formulations to improve nutritional value.

Flax (Linum usitassimum) belonging to the Lineaceae family, is an herbaceous annual plant with blue flowers,
which produces small flat seeds varying from golden yellow to reddish or brown. Flaxseed has a crunchy texture
and nutty flavor [12, 13].

Flax is one of the oldest commercial crops, the first traces of its use dating back to 8000 BC in Turkey [14].
Its name Linum usitatissinum, translated from the Latin “ lin most useful”, refers to its multiple uses. Currently,
linen is used in the fields of textile industry (fiber), food (seed and oil) and chemical (oil) [15].

Presently, flaxseed has new prospects as functional food because of consumer’s growing interest for food with
superb health benefits. Owing to its excellent nutritional profile and potential health benefits, it has become an
attractive ingredient in the diets particularly designed for specific health benefits [16]. Flaxseed contains protein,
dietary fiber, polysaccharides, polyphenolic compounds and essential fatty acids for health that help to prevent
somes diseases. Its content of alpha-linolenic acid (ALA), an essential omega-3 fatty acids, dietary fiber and
lignans has a special interest to consumers, food manufacturers and researchers [15].

Flax is unique among oilseeds because of its high content of omega-3 fatty acid ALA. Flaxseeds contain
between 35% and 45% oil, ALA representing about 50% to 60% fatty acids [17], it is one of the essential
polyunsaturated fatty acid and reported to exhibit anti-inflammatory, anti-thrombotic and anti-arrhythmic prop-
erties [18]. Flax also contains linoleic acid (LA), an omega-6 essential fatty acid. Flax oil contains three times
more omega-3 fatty acids than omega-6 fatty acids. The triple unsaturation of the alpha-linolenic acid (C18:3,
50 to 60%) gives linseed oil high reactivity concerning oxygen and thus a high drying ability. This property is
interesting for oleochemical applications [19].

Flax seeds contain about 28% dietary fiber, which consist of 60% to 80% insoluble fiber and 20% to 40%
soluble fiber (mucilage) [20].

Of all seeds and cereals, flaxseed is the one with the highest lignan content [21]. It is rich in secoisolariciresinol
diglycoside (SDG), a precursor of mammalian lignans that are enterodiol and enterolactone [22]. SDG when
ingested by humans influences a wide range of biological systems that keep humans healthy [23].

The growing popularity of flaxseed is due to its health benefits including the reduction of cardiovascular
disease and cancer risk, particularly the breasts and prostate cancer, anti-inflammatory activity, a laxative effect
and reduction of menopausal symptoms and osteoporosis [24]. Flaxseed oil supplementation for about four weeks
resulted in protecting the mice against Streptococcus pneumonia infection [25]. Flaxseed and its oil reduces the
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growth of tumors at the later stage of carcinogenesis whereas mammalian lignin precursor exert the greatest
inhibitory effect on the growth of new tumors [26].

Flaxseed possesses antioxidant and hepatoprotective properties. Several studies advocated the cholesterol
lowering benefits of flaxseed meal [27–29]. A study on hypercholesterolemic rats fed on flaxseed chutney
supplemented diet (15%) revealed significant reduction in LDL cholesterol and total serum cholesterol and no
change in HDL cholesterol. In CCl4 intoxicated rats, lipid peroxidation products were neutralized by flaxseed
lignans [30].

There is no report in the literature on the production of yogurt with flaxseed. Therefore, the objectives of this
study were to investigate the possibility of adding ground flaxseeds to yogurt and the effects of this addition on
the physicochemical, microbiological and sensory properties of the product during fermentation and storage.

2. Materials and methods

2.1. Flaxseeds

Flaxseeds purchased from a local supermarket in Algiers (Algeria) were sieved (1 mm mesh size), cleaned
manually to remove all debris and gravel then ground to powder with Universal Mill M20 IKA IMLAB. The
particle size of powder was standardized to 450 and 355 �m using Rotachoc Chopin (50 Hrz).

2.2. Preparation of yogurt

Three lots of milk bases were prepared by reconstituting milk powder: the skimmed milk (fat content <1%) at
15% (w/v) [31] and the whole milk (28% fat) at 13.7% (w/v) [32] in distilled water, 12.5% of sugar (w/w) and
3% (w/w) ground flaxseeds were added to these two batches. The amount of flaxseeds added is the result of a
preliminary sensory analysis. The third one was prepared as a control using whole milk powder at 13.7% (w/v)
added with 12.5% sugar (w/w) in distilled water.

The reconstituted milk with the sugar was homogenized and heated at 95◦C for 5 min. Subsequently, it was
cooled to the incubation temperature (42–43◦C) and inoculated with 10% (w / w) of commercial natural yogurt
(fat content <1%) containing lactic ferments Streptococcus thermophilus and Lactobacillus delbrückii subsp.
bulgaricus.

The incubation was carried out until complete gelation of the yogurt (4 hours), then, the incubation was stopped
by cooling to 10◦C and the samples were stored at this temperature for 24 h [9].

After stabilization, each yogurt sample was stored for 0, 7, 14, 21 and 28 days at 4◦C in a refrigerator to
evaluate the physicochemical, microbiological and sensory properties. Each batch of yogurt was prepared in
triplicate.

2.3. Chemical analysis

The pH of each yogurt sample was measured using an electronic pH meter laboratory (PH 210 Hanna
Instruments HI 2210).

The titratable acidity of the samples was determined according to the IDF/ISO/AOAC Standard [33] by
a potentiometric method (real acidity) which is a measurement technique allowing to passively evaluate the
potential of a solution between two electrodes while affecting the solution in a minimal way. It is expressed in
grams of lactic acid per 100 g of product, and is defined by the following equation:

At = V × 0.9

M
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Where:
At: titratable acidity
V is the volume (ml) of 0.1 M sodium hydroxide;
m is the mass (g) of the sample;
0.9 is the conversion factor of the lactic acid.
All samples were measured in triplicate.
The results are expressed in degree Dornic (◦D)

2.4. Consumer acceptance test

Sensory analyses (color, texture, taste and odour) of yogurts supplemented with GFS and yogurt control were
evaluated by 10 tasters (members of Laboratory Soft Technology, Valorization, Physical Chemistry of Biological
Materials and Biodiversity), 3 males and 7 women, of 22 to 50 years old recruited according to their motivation
and availability to participate to the study.

The analysis is performed at room temperature, yogurt samples (10 g) were served in randomized order blinded
in a transparent plastic cup coded. Consumers were asked to note their preference for acceptability using paper
score-sheets.

Three coded samples were provided to panels at the same time. The consumer acceptance was determined
using a 5-point scale [32]:

1 point: nonstandard product unfit for consumption
2 points: unsatisfactory quality product but can be used
3 points: product of satisfactory quality
4 points: product of good quality
5 points: product of excellent quality

2.5. Microbiological analysis

Yogurt microbiological analysis were performed to determine the influence of the addition of flaxseeds on
the kinetic of growth of lactic ferments. For viable counts, M17 culture media was used to quantify the S.
thermophilus and MRS agar (agar of Man, Rogosa, Sharpe) for L. bulgaricus. Plates were incubated under
anaerobic conditions at 37◦C for 48 h and 37◦C for 72 h, respectively [34]. Colonies were counted only in Petri
dishes containing between 30 and 300 colonies [35, 36]. Samples were analyzed in triplicate.The number of
colonies is expressed in CFU/ml according to the following formula:

CFU/ml = n

dv

Where:
CFU: unit forming colony
n :colony counts
v: volume collected
d: dilution
Only the preferred supplemented yogurt with GFS and the yogurt control will be considered for microbiological

analysis.
During fermentation and storage period (28 days) at 4◦C, pH, titratable acidity and the growth of lactic acid

bacteria were measured.

2.6. Statistical analysis

All statistical analyses were performed using SPSS version 21.0, IBM STATISTICS (USA). An ANOVA was
performed using the general linear models procedure to determine significant differences among the samples.
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Fig. 1. Change in pH as a function of incubation time during the acidification of yogurt with whole milk powder (Y1) and yoghurt with

skimmed milk powder (Y2) supplemented with 3% ground flaxseeds (GFS) and yogurt with whole milk powder as control. Bars with

different letters within the same fermentation time differ significantly (p < 0.05).

For Chemical analysis, means were compared by using Duncan’s test. For microbiological analysis, as we
have two samples, means were compared by using Student’s test and the significance was defined at the
5% level.

3. Results and discussion

3.1. Acidification evolution during yogurt fermentation

Acidification evolution in yogurt fermentation is presented in Fig. 1. The addition of 3% ground flaxseed
increased the acidification level, as compared to the control and this effect was found to be statistically significant
(p < 0.05) after 1 h of incubation, These results are similar to those found by Zare et al. [11] in the study on
yogurt supplemented with lentil powder. In supplemented yogurts, those with whole milk powder have pH
slightly lower and it is statistically significant (p < 0.05) compared to samples with skim milk powder after 2 h of
incubation.

During fermentation, the casein particles aggregate as the pH approaches 4.6 resulting from the lactic acid
production. This, together with the denaturation of the whey protein and its association with caseins induce an
increase of gel viscosity and firmness [37–39].

Rate of acidification is one of the important detriments of yogurt making. So it is important to achieve a balance
between strength of the gel as well as commercially feasible fermentation time. During fermentation time, lactic
acid production increases with the growth of the starter culture S. thermophilus and L. bulgaricus.

The values of titratable acidity for all samples studied increased during fermentation (Table 1). The decrease
in pH values and increase in titratable acidity values for yogurt samples during fermentation obtained in our
study are in agreement with results obtained by Pelaes Vital et al. [40] for yogurt supplemented with Pleurotus
ostreatus aqueous extract.

The time required to reach a pH lower or equal to 4.6 was shorter in the case of supplemented yogurts due to
richness of flaxseeds of insoluble dietary fiber that promote the growth of lactic ferments S. thermophilus and L.
bulgaricus (Fig. 2).

In our study, we found that supplemented whole yogurt gelation was faster; this can be explained by: first
the presence of soluble fiber which is a viscous seed coat gum composed of neutral (75%) and acidic (25%)
monosaccharides [41], flaxseed gum possesses good gelling, foaming and emulsifying capacity, and can poten-
tially replace gum arabic in food emulsions [42–44]; and second the fat which plays an important role in
controlling the firmness/viscosity and perceived creaminess of yogurt due to the formation of a larger number
of smaller fat particles during homogenisation when they are stabilised by milk proteins and interact with the
protein matrix [45].
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Table 1

Changes in titratable acidity (◦D) during the fermentation time of yogurt with whole

milk powder (Y1) and yogurt with skimmed milk powder (Y2) supplemented with

ground flaxseeds. Control (yogurt with whole milk powder)

Fermentation time (h) Yogurt types Titratable acidity (◦D)

0 Y1 24.00 ± 4.35 a

Y2 22.00 ± 1.73 a

Control 20.00 ± 2.64 a

1 Y1 27.00 ± 1.00 a

Y2 25.00 ± 1.00 a

Control 25.00 ± 1.73 a

2 Y1 43.00 ± 3,60 a

Y2 40.00 ± 1.73 a

Control 27.00 ± 1.73 b

3 Y1 60.00 ± 3.00 a

Y2 57.00 ± 1.73 a

Control 52.00 ± 1.00 b

4 Y1 65.00 ± 1.00 a

Y2 59.00 ± 3.60 b

Control 57.00 ± 2.64 b

Values with different letters within the same column differ significantly (p < 0.05).

Fig. 2. Sensory properties of yogurt with whole milk powder Y1 and yogurt with skimmed milk powder Y2 supplemented with 3% ground

flaxseed and yogurt with whole milk powder as control after production (T1 to T10: tasters).
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Table 2

Effect of yogurt supplementation with ground flaxseeds on pH and titratable acidity (D◦) during 28 days of storage at 4◦C

Yogurt types Storage period (days)
1 7 14 21 28

pH
Control 4.51 ± 0.03 (b) 4.48 ± 0.01 (b) 4.33 ± 0.06 (a) 4.34 ± 0.03 (b) 4.29 ± 0.01 (c)

Y1 4.37 ± 0.01 (a) 4.35 ± 0.03 (a) 4.27 ± 0.02 (a) 4.22 ± 0.02 (a) 4.20 ± 0.01 (a)

Y2 4.41 ± 0.01 (a) 4.38 ± 0.02 (a) 4.29 ± 0.04 (a) 4.26 ± 0.02 (a) 4.24 ± 0.02 (b)

Titratable acidity (D◦)
Control 69.00 ± 2.64 (b) 73.00 ± 1.00 (c) 85.00 ± 3.60 (b) 87.00 ± 1.73 (c) 91.00 ± 1.00 (c)

Y1 78.00 ± 1.00 (a) 83.00 ± 2.64 (a) 90.00 ± 1.73 (a) 100.00 ± 1.73 (a) 105.00 ± 2.64 (a)

Y2 75.00 ± 1.73 (a) 79.00 ± 1.73 (b) 88.00 ± 1.00 (a) 92.00 ± 2.64 (b) 97.00 ± 1.73 (b)

Values with different letters within the same column differ significantly (p < 0.05).

3.2. Acidification evolution during yogurt refrigerated storage

During the fermentation and storage at 4◦C, pH, titratable acidity and lactic acid bacteria growth were measured
at 7 days interval until 28 days.

The pH values decreased significantly during storage for all yogurts samples. Similar pH changes were
observed during refrigerated storage at 4◦C for 28 days for probiotic yogurt fortified with fiber-rich pineapple
peel powder [46].

The normal pH of commercial yogurt products ranged from 4.0 to 4.4 [8, 47]. In the current study, increasing
the storage period from 1 to 28 days considerably decreased the pH values for the control sample from 4.51
to 4.29. However it was observed that the pH values of supplemented yogurts were not considerably altered
during storage for 28 days proving that the quality of yogurts enriched with GFS was not affected during storage.
According to these results, it is meditated that adding flaxseeds into yogurt could extend the shelf life as found
by Seo et al. [9] for yogurt supplemented with nanopowdered chitosan.

The addition of GFS into yogurt samples significantly increased the values of titratable acidity (Table 2).
Furthermore, the values of titratable acidity for all samples studied were slightly increased when stored at 4◦C
for 28 days. These results are in accordance with those found by Ozturkoglu-Budak et al. [48] and Raho Ghalem
et al. [49] who have respectively worked on yogurt supplemented with dried nut and yogurt supplemented with
Rosmarinus officinalis oil.

3.3. Sensory acceptance

Figure 3 shows the consumer acceptance of yogurts. Supplementation of yogurts by GFS largely influenced all
the parameters analyzed. The control sample was acceptable. The substitution of the whole milk powder by the
skimmed milk powder gave the lowest notes on texture and color. This can be explained by the rise in the surface
of the ground flaxseed because of their richness in fat; on the visual point this effect is considered as undesirable.
Moreover, the skimming of the milk gives a yogurt less firm, less creamy with an important syneresis. About
taste and odour, tasters preferred Y1 to Y2. This preference can possibly be explained by the taste and smell of
flaxseeds which are similar to those of hazelnuts. The same preference has been given to Y1 for texture due to the
gelling power of linseed which gives firmer yogurts. Overall, in terms of ranking, tasters preferred Y1 followed
by control and lastly Y2.

3.4. Microbiological analysis

The yogurt simple Y2 was not considered for the microbiological analysis because it was not preferred by
tasters in the sensorial analysis.
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Fig. 3. Streptococcus thermophilus (A) and Lactobacillus delbrueckii subsp. bulgaricus (B) counts in supplemented yogurts with 0% (control)

and 3% of GFS during 28 days of storage at 4◦C. Bars with different letters within the same fermentation time differ significantly (p < 0.05).

Table 3

Effect of yogurt supplementation with ground flaxseeds (GFS) on viable counts (CFU/ml) during fermentation

Yogurt types Fermentation time (hours)

1h30 2h30 3h30

Viability of S. thermophilus (CFU/ml)

Control 9.02*107 ± 6.00*105 (a) 9.98*107 ± 1.05*106 (a) 2.45*108 ± 1.73*106 (a)

Y1 9.99*107 ± 1.01*106 (b) 1.13*108 ± 1.73*106 (b) 3.63*108 ± 2.64*106 (b)

Viability of L. bulgaricus (CFU/ml) 1h30 2h30 3h30

Control 9.00*106 ± 2.00*104 (a) 1.65*107 ± 5.56*106 (a) 4.88*107 ± 6.08*105 (a)

Y1 9.30*106 ± 3.80*105 (a) 5.21*107 ± 6.92*105 (b) 7.94*107 ± 3.60*105 (b)

Values with different letters within the same column differ significantly (p < 0.05).

Lactobacillus delbrueckii ssp. bulgaricus produces essential amino acids because of its proteolytic nature, and
the symbiotic relationship of L. delbrueckii ssp. bulgaricus and S. thermophilus is well established; the latter
organism also produces growth factors for the former organism [50].

During the period of fermentation and the period of storage (Table 3 and Fig. 2), the growth of S. thermophilus
is higher than that of L. bulgaricus. The same effect has been observed by Muniandy et al. [51] in the study on
comparison of the effect of green, white and black tea on Streptococcus thermophilus and Lactobacillus spp. in
yogurt during refrigerated storage.

The viable counts of S. thermophilus and L. bulgaricus increased during fermentation time in al samples.
However, the addition of GFS causes greater significant growth of lactic acid bacteria compared to the control
(Table 3). This, can be explained by the richness of flaxseeds in nutrients and dietary fibers which provided
additional source of carbohydrate for lactic acid bacteria and had a strong positive effect on the activity of some
lactic acid bacteria strains [52].

The growth kinetics of the lactic acid bacteria during 28 days of storage at 4◦C is shown in Fig. 2. The
growth rate obtained after one day storage for both samples was greater than that recommended by the Codex
Alimentarius (107 CFU/g) [53]. The maximum concentration of both strains was obtained after two weeks of
storage for all yogurts.

The addition of GFS significantly increased the number of viable lactic acid bacteria compared to control.
Indeed, S. thermophilus reached a mean concentration of 9.20 log10 CFU*ml−1 at 14th day, which was higher
than the control sample (8.70 log10 CFU*ml−1). Lactobacillus bulgaricus reached a mean concentration of 8.70
log10 CFU*ml−1 in fortified yogurt compared to 8.40 log10 CFU*ml−1 in the control at the same day.
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The viability of strains decreased from the 21st day of refrigerated storage especially in yogurt control. At the
end of the storage period, in supplemented yogurts, S. thermophilus achieved a mean concentration of 8.10 log10
CFU*ml−1, which was slightly higher than the control (7.80 log10 CFU*ml−1). The number of Lactobacillus
bulgaricus found was 6.93 log10 CFU*ml−1 in fortified yogurt compared to 6.64 log10 CFU*ml−1 in the control.

The reduction of S. thermophilus and Lactobacillus bulgaricus during the last two weeks of storage could be
attributed to L. delbrueckii ssp. bulgaricus which produces lactic acid during refrigerated storage. This process is
known in the industry as post-acidification. Acid produced during refrigerated storage (post-acidification) causes
loss of viability of probiotic bacteria [50, 54, 55].

4. Conclusion

Our study was designed to develop a yogurt supplemented with ground flaxseeds and to evaluate the effects of
this supplementation on the physicochemical, microbial, and sensory properties of the product during fermenta-
tion and storage at 4◦C.

The data on the pH, titratable acidity, microbial, and sensory analysis obtained from the current study indicated
that fortifying yogurt with GFS produced an acceptable product with potential beneficial health effects. The
obtained pH and titratable acidity values allowed us to deduce that the addition of GFS to yogurt could extend
the shelf life.

Concerning the sensory evaluation, the panelists gave the best notes for the odour, the texture and the taste to
the whole milk powder yogurt supplemented; for the color, the control yogurt was the most preferred.

The multiplication of lactic acid bacteria was greater in supplemented yogurts which maintained a high
level of S. thermophilus (1.25*108 CFU/ml), and Lactobacilllus spp. (0.85*107 CFU/ml) counts throughout the
refrigerated storage period, and these values could be a desirable characteristic of the product to confer health
benefits to consumers upon regular consumption.

Based on these results, we may deduce that the enrichment of yogurt with flaxseeds appears to be important,
as it provides health benefits and a convenient food that satisfies consumer interest.
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