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ABSTRACT

Cultured buttermilk is a dairy beverage with a high nutritive value. In the current study, functional cultured
buttermilk was formulated using probiotic Lactobacillus plantarum and flaxseed fortification to improve
the potential health benefits. The cultured buttermilk samples were analysed for pH, lactic acidity, colour,
phase separation, viscosity, microbiology and sensory properties. The results showed non-significant
changes in acidity and pH. However, flaxseed fortification decreased phase separation and increased vis-
cosity of buttermilks. In addition, a significant difference in colour attributes was revealed between samples.
Sensory characteristics of cultured buttermilks were acceptable to produce a functional food.
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1. INTRODUCTION

Functional foods have a potentially positive effect on human health beyond basic nutrition due
to their bioactive components (Fardet, 2015). Milk and dairy products have been an important
part of the human diet from ancient times in many parts of the world (Zhao et al., 2018).
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Buttermilk is a low-cost by-product, obtained during butter manufacturing (Baruk�ci�c et al.,
2019). This liquid phase contains most of the water-soluble components of the cream (Zhao
et al., 2018). Buttermilk has only recently gained attention as a potential source of functional
ingredients due to the presence of microorganisms beneficial to health. Currently, this co-
product is gaining more and more attention due to its unique structure, characteristics, and
promising applications due to its appreciable content of phospholipids (amphiphilic molecules)
from the membrane of the milk fat globules (Kumar et al., 2015). The production of buttermilk
products would have a great economic impact (Mudgil et al., 2016). Also, Conway et al. (2014)
reported that buttermilk induced reduction in plasma levels of total cholesterol and TGs in
individuals. Cultured buttermilk is a fermented dairy product with therapeutic value. The
consumption of cultured buttermilk in the diet helps in digestion, boosting the immune system,
and reducing serum cholesterol levels (Nirgude et al., 2013). However, cultured buttermilk is
naturally deficient in nutritive components and dietary fibre.

Linseed (Linum usitatissimum), as prebiotic, is a fibre and food crop that is cultivated in cold
areas of the world. The protein content of flaxseed is high in arginine (approximately 56–70%),
and contains soluble fibre (20%) and insoluble fibre (9%). This plant contains a number of
essential fatty acids, including linoleic (u6), a-linolenic, eicosapentaenoic, and docosahexaenoic
acids (Kaur et al., 2018). All these fatty acids are known to significantly reduce cardiovascular
problems. Flaxseed contains other biologically active substances such as bioactive peptides,
soluble fibre, lignan, vitamins (predominantly g-tocopherol), and minerals (magnesium, cal-
cium, and phosphorus, etc.) (Sarabandi et al., 2019).

To the best of our knowledge, none of the above studies provided a probiotic fermented
buttermilk product with flaxseed.

Therefore, the current study attempted to make a complete nutritive beverage containing
dietary fibre, to evaluate flaxseed fortified buttermilk as a carrier of the probiotic bacteria, and to
characterise it in terms of physicochemical, rheological, microbiological, and sensory attributes.

2. MATERIALS AND METHODS

2.1. Materials

Buttermilk was obtained from the Central Dairy of the North (Tunisia). Flaxseed powder was
purchased from a local market in Tunis, Tunisia (Table 1). Commercial yogurt starter culture of
Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus (YFL901) was pur-
chased from CHR HANSEN, France. The probiotic cells of Lactobacillus plantarum M63 were
activated according to Mahmoudi et al. (2021).

Table 1. Composition of buttermilk and flaxseed

Materials

Parameters (%)

Protein Fat Ash Lactose Carbohydrates Total solids Moisture

Buttermilk 2.5±0.04 2.7±0.1 – 4.2±0.03 – 14.25±0.01 85.75±0.01
Flaxseed 18±0.03 40.8 ± 0.04 3.33±0.03 – 1.5±0.05 94.1± 0.02 5.9±0.02

–: not identified.
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2.2. Preparation of cultured buttermilks

The butter was manufactured at the Central Dairy of the North (Tunisia). The milk was
pasteurized at 95 8C for 5min. Then, the cream was churned.

The fermented buttermilk was manufactured according to Central Dairy of the North
(Tunisia) (Fig. 1). The buttermilk was heated at 95 8C for 5min. Then, flaxseed powder was
added at 3 and 5% (w/100mL) (Ardabilchi et al., 2019). Also, sugar syrup and strawberry
flavour were added. After cooling to inoculation temperature (44 8C), starter cultures were used
(1.5 g L�1

≈ 108 CFUmL�1). Next, the buttermilk was divided into six equal batches as follows:
1) a control (BMC), 2) inoculated with the probiotic L. plantarum M63 (BMP), 3) fortified with
flaxseed (3%) (BMF1), 4) fortified with flaxseed (5%) (BMF2), 5) inoculated with L. plantarum
and fortified with flaxseed (3%) (BMPF1), and 6) inoculated with L. plantarum and fortified
with flaxseed (5%) (BMPF2). Three replicates of each batch were prepared.

Fig. 1. Buttermilk making process
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After mixing, each sample was distributed into sterilised and coded glass bottles under
aseptic conditions. After that, the fermentation was made in an oven at 44 8C. The final pH of
buttermilk fermentation should reach 4.5.

2.3. Physicochemical analyses

The pH of each sample was measured using a microprocessor pH-meter BT-500 (Boeco,
Hamburg, Germany). Lactic acidity changes were measured as reported by AOAC (1990)
(Method 947.05). The total protein content was determined by the Kjeldahl method (AOAC
1990, Method 984.13). The total solids content was determined using an air oven (Memmert,
UL-60, Germany) (AOAC, 1990, Method 990.20).

For phase separation study, 25mL buttermilk was filled into graduated measuring cylinders
(glass) and let it stand for 72 h at 25 8C. The cultured buttermilks were observed for phase
separation after storage of 12, 24, 48, and 72 h. The aqueous phase in cultured buttermilk was
separated from the serum phase. This phase was expressed as mL/25mL of cultured buttermilks.

2.4. Colour evaluation

The colorimetric parameters Lp (lightness), ap (redness), and bp (yellowness) of fermented
buttermilks were determined using a colorimeter (Minolta Chroma Meter CR-300, Tokyo,
Japan) according to AOAC 1990 (Method 960.44).

2.5. Viscosity

The apparent viscosity was measured using a viscometer (Rheomat RM-180, Germany) ac-
cording to AOAC (1990, Method 962.09).

2.6. Bacterial cell counts

S. thermophilus colonies were enumerated on M17 agar (Biokar Diagnostics, France) after in-
cubation at 44 8C for 48 h. Lactobacillus bulgaricus numbers were determined on MRS agar after
incubation at 37 8C for 48 h. The number of L. plantarum was determined according to Mah-
moudi et al. (2021).

2.7. Sensory evaluation

The sensory evaluation of cultured buttermilks (at 4 8C) was performed one day after production
with 30 panellists (10 teachers and 20 students). Each sample was presented with 50mL in a
plastic cup and labelled with a 3-digit-code. Sensory analysis of appearance and texture, colour,
sweet taste, acidity, flaxseed flavour, aroma, bitterness, creaminess, and overall acceptability was
performed using 7-point hedonic scales. Sensory properties were explained beforehand to the
panellists (Tomic et al., 2017).

2.8. Statistical analysis

All experiments were repeated three times. Experimental data were analysed using SPSS 20.0.
Analyses of significant difference and variance were performed by one-way ANOVA (P < 0.05).
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3. RESULTS AND DISCUSSION

3.1. Physicochemical properties of cultured buttermilks

Lactic acidity of control, probiotic, and flaxseed powder fortified cultured buttermilk was fixed at
0.75% as presented in Table 2. Lactic acidity of cultured buttermilk showed an increasing trend
with the increase of flaxseed powder level (P > 0.05). pH of buttermilk samples ranged from
4.25 ± 0.1 to 4.28 ± 0.1 (P > 0.05). These findings are in line with the study of Mudgil et al.
(2016), who showed non-significant changes in the pH of control and Aloe vera juice fortified
buttermilk.

Total solids contents in cultured buttermilks were different (P < 0.05) (Table 2). The highest
content was observed in BMF2 sample (22.4 ± 0.1%). This can be explained by the high content of
total solids in flaxseed. The BMPF2 sample had the highest protein level of 16.5 ± 0.3% (P < 0.05).

3.2. Phase separation

During storage, the appearance of whey on the surface of fermented products is considered a
product defect due to the separation of whey from the protein network (Mudgil et al., 2016).
Throughout the storage study of 72 h at 25 8C, phase separation in control sample was significantly
(P < 0.05) higher than in flaxseed fortified and probiotic buttermilk samples. Until 12 h of storage,
probiotic (BMP), fortified flaxseed (BMF1; BMF2), and flaxseed fortified probiotic (BMPF1;
BMPF2) samples showed significant phase separation compared to control (1.1 ± 0.1 mL/25mL)
(Table 2). After 72 h of storage at 4 8C, control as well as other cultured buttermilk samples
showed a marked increase in phase separation with 7.0 ± 0.1 mL/25mL. The fortification of
flaxseed significantly decreased phase separation in all cultured buttermilk samples, which could
be attributed to the gelling property (mucilage and fibres) of flaxseed. Indeed, they interact with
the constituents of milk (mainly proteins), which allows the compactness of the protein network,
immobilisation of a large amount of free water and less susceptibility to water release (Ardabilchi
et al., 2019). Similarly, Delikanli and Ozcan (2017) reported the gelling capacity of the A. vera to
interact with milk proteins, preventing free movement of water.

3.3. Colour

Colour is a major factor in food choice by consumers (Amjadi et al., 2019). Colour parameters
(Lp, ap, bp) of buttermilk samples are shown in Table 3. The statistical analyses indicated that
there were significant differences among samples (P < 0.05). The Lp values of cultured butter-
milks decreased with the increase of flaxseed content and inoculation with L. plantarum.
However, the bp values exhibited an increasing trend in samples with the increase in flaxseed
level. Thus, the highest and the lowest values of bp were attributed to the BMPF2 and BMC
samples, respectively. This finding can be related to the high carotenoid content of flaxseed
(Bekhit et al., 2018). Moreover, Ardabilchi et al. (2019) reported that the colour of yogurt may be
due to the original darker colour of flaxseed.

3.4. Viscosity

Viscosity can be affected by the processing methods, type of starter cultures, heat treatment, and
formulation composition (Jaster et al., 2018). The viscosity values of cultured buttermilks are
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Table 2. Physicochemical properties of fermented buttermilks

Samples

Parameters (%)

pH Acidity Total protein Total solids
Liberated lactoserum (mL/25mL)

12 h 24 h 48 h 72 h

BMC 4.25±0.1a 0.75±0.1a 2.3±0.2a 15.7±0.2a 1.1±0.1a 1.5±0.2a 6.25±0.6a 7.5±0.1a

BMP 4.3±0.1a 0.75±0.1a 2.24±0.4a 15.7±0.1a 0.8 ±0.1b 1.3±0.5a 6.1±0.8a 7.2±0.3a

BMF1 4.3±0.1a 0.7±0.1a 8.85±0.1b 20.2± 0.1b 0.8±0.1b 0.9±0.3b 5.7±0.1b 6.3±0.3b

BMF2 4.3±0.1a 0.75±0.1a 16±0.1c 22.4± 0.1b 0.62±0.1c 0.72±0.3b 5.7±0.1b 6±0.2b

BMPF1 4.25±0.1a 0.75±0.1a 15.9±0.2c 20.4± 0.2b 0.75± 0.2b 0.9± 0.4b 5.6±0.4b 6±0.6b

BMPF2 4.25±0.1a 0.75a 16.5±0.3c 21.9± 0.2b 0.62± 0.3c 0.7± 0.3b 5.62±0.6b 5.9±0.1b

a, b: Mean values ±SD (n53) within a column with different superscript letters and within a row with different superscript letters are significantly
different (P < 0.05). BMC: buttermilk control; BMP: buttermilk with probiotics; BMF1, BMF2: buttermilks with 3 and 5% flaxseed, respectively;
BMPF1, BMPF2: buttermilks with probiotics and 3 and 5% flaxseed, respectively.
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shown in Fig. 2. As can be seen, a significant difference was found in viscosity values (P < 0.05).
In fact, viscosity values of buttermilk samples significantly increased (P < 0.05) with increasing
flaxseed content. The viscosity values are in the following order: 23.5 ± 0.31, 23.3 ± 0.8, 12.6 ±
1.6, 12.8 ± 0.44, 2.63 ± 0.7, and 2.41 ± 1.2 Pa s for BMPF2, BMF2, BMF1, BMPF1, and BMC
samples, respectively. This behaviour can be attributed to the interaction of the fibre and protein
of flaxseed with the water of buttermilk, which leads to a stronger three dimensional network of
buttermilk. According to the previous studies, fibre and protein compounds can increase the
water retention capacity, leading to the formation of viscous gels and consequently promoting
higher viscosities (Ardabilchi et al., 2019). Also, we can report the symbiosis between probiotics
and flaxseed as prebiotic, which enhance the viscosity of buttermilk (Fig. 2).

Table 3. Colour parameters of fermented buttermilks

Samples

Colour parameters

Lp ap bp

BMC 80±0.9a –4.03±0.3a 5.67±0.55a

BMP 73.05±0.7b –4.27±0.5a 5.69±0.3a

BMF1 68.89±4.5c –1.22±0.2b 11.89±1.24b

BMF2 59.94±0.67e –1.75±0.4c 13.38±0.6c

BMPF1 68.74±0.87c –1.21±0.8b 11.88±1b

BMPF2 59.11±1.2e –1.79±0.47c 13.33±0.7c

a, b: Mean values ±SD (n53) within a column with different superscript letters and within a row with
different superscript letters are significantly different (P < 0.05). BMC: buttermilk control; BMP: buttermilk
with probiotic; BMF1, BMF2: buttermilks with 3 and 5% flaxseed, respectively; BMPF1, BMPF2:
buttermilks with probiotics and 3–5% flaxseed, respectively.
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Fig. 2. Viscosity characteristics of fermented buttermilks
a, b: Mean values ± SD (n 5 3) within a column with different superscript letters and within a row with
different superscript letters are significantly different (P < 0.05). BMC: Buttermilk Control; BMP: Butter-
milk with probiotics; BMF1, BMF2: Buttermilks with 3 and 5% flaxseed, respectively; BMPF1, BMPF2:

Buttermilks with probiotics and 3–5% flaxseed, respectively
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3.5. Bacterial cell counts

The counts of probiotic bacteria L. plantarum, L. bulgaricus, and S. thermophilus are sum-
marised in Table 4. The viable counts of L. plantarum M63 were 8.3 ± 0.46 and 8.25 ± 0.01
log CFU mL�1 in BMP and BMPF2 samples, respectively (P > 0.05). The probiotic counts were
higher than the threshold number (107 CFUmL�1) that is suggested to confer probiotic benefits
(FAO/WHO, 2002). The viability of L. plantarum was also showed in cheese (Mahmoudi
et al., 2021).

The counts of L. bulgaricus and S. thermophilus were similar in different buttermilk samples
(P > 0.05). Thus, the buttermilk product could be considered as a fermented product beneficial
to human health. The combination of L. plantarum and flaxseed represents a new option to add
further value to dairy products.

Table 4. Viable lactic acid bacteria counts in fermented buttermilks

Bacterial counts
(log CFU mL�1)

Samples

BMC BMP BMF1 BMF2 BMPF1 BMPF2

L. plantarum – 8.3±0.46a – – 8.3±0.46a 8.25±0.01a

S. thermophilus 8.2±0.02a 8.1±0.06a 8.12±0.01a 8.03±0.2a 8.14±0.17a 8.2±0.4a

L. bulgaricus 8.1±0.08a 8±0.08a 8.22±0.08a 8.16±0.08a 8.11±0.08a 8.15±0.08a

–: not identified; a,b: mean values ±SD (n53) within a column with different superscript letters and within a
row with different superscript letters are significantly different (P < 0.05) BMC: buttermilk control; BMP:
buttermilk with probiotic; BMF1, BMF2: buttermilks with 3–5% flaxseed, respectively; BMPF1, BMPF2:
buttermilks with probiotics and 3 and 5% flaxseed, respectively.
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Fig. 3. Sensory analyses of fermented buttermilks
a, b: Mean values ± SD (n 5 3) within a column with different superscript letters and within a row with
different superscript letters are significantly different (P < 0.05). BMC: buttermilk control; BMP: buttermilk
with probiotics; BMF1, BMF2: buttermilks with 3–5% flaxseed, respectively; BMPF1, BMPF2: buttermilks

with probiotics and 3 and 5% flaxseed, respectively
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3.6. Sensory evaluation

Enrichment of buttermilks with fibre-containing ingredients improved water holding capacity
and viscosity. Although similar trend was observed in this study, a significantly low texture index
at a higher enrichment level (5%) was found, and the insoluble flaxseed powder particles can be
hold responsible for the graininess and bad mouth-feel (Basiri et al., 2018). The higher scores for
sweet taste were attributed to control (BMC) and probiotic (BMP) samples (P < 0.05) (Fig. 3).
The cultured buttermilk samples containing flaxseed had a relatively lower acidity. Moreover, the
fortified samples had the lowest preference in terms of colour, sweet taste, aroma, and overall
acceptability from the panellist’s perspective. The decrease in colour preference could be
explained with increase in yellowness and reduction in whiteness and shininess as detected in the
instrumental colour analysis. It was revealed that the addition of flaxseed reduced the overall
acceptability (P < 0.05) due to its aroma and flavour, brownish-yellow colour, and graininess.

4. CONCLUSIONS

Fortification of probiotic buttermilk with flaxseed powder makes it a functional food as cultured
buttermilk, which is naturally devoid of dietary fibre. Flaxseed fortification did not affect lactic
acidity and pH and improved physicochemical characteristics, and viscosity of probiotic
cultured buttermilk samples. In fact, it markedly reduced the phase separation, which a serious
problem in reference to consumer acceptance. Therefore, probiotics and flaxseed were
considered both suitable dietary agents and supplements for various products, which can help
preventing most diseases owing to their high beneficial and nutritional properties.
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