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Abstract
Consumption of flaxseed provides health benefits. Bile tolerance allows
survival of probiotics in the intestinal tract. The objective was to determine
whether or not flaxseed enhances bile tolerance of Lactobacillus acidophilus
(L. acidophilus) LA-K, Lactobacillus delbruekii ssp. bulgaricus (L. bulgaricus)
LB-12, and Streptococcus salivarius ssp. thermophilus (S. thermophilus) ST-M5.
Control and experimental (62 g flaxseed/L) broths containing 0.3% oxgall
were prepared for each culture, sterilized, cooled, inoculated, and plated for 8
h. Growth of each microorganism in both the control and experimental broths
was evaluated by the slope of the regression line of its log count versus time
after inoculation. Flaxseed significantly enhanced growth of L. acidophilus
but not L. bulgaricus and S. thermophilus over 8 h compared to its corresponding control. Therefore, flaxseed improved the bile tolerance of L. acidophilus but not of S. thermophilus and L. bulgaricus.
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1. Introduction
The plant Linum usitatissimum L., commonly known as flax plant, has been
grown in Europe and Asia for as long as 10,000 years [1]. Five main nutritional
components of flaxseed are fiber, protein, lignans, oil and vitamins as determined by gas chromatography and high-performance liquid chromatography
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(HPLC) techniques [2]. Flaxseed meal is rich in bioactive compounds and their
extracts exhibit strong anti-radical activity [3]. Flaxseed has the highest amount
of the plant lignan secoisolariciresinol diglucoside (SDG) [4]. Whole flaxseed
contains 6.1 - 13.3 mg SDG/g flaxseed [5]. Bacteria in the colon convert the SDG
into mammalian lignans including enterodiol and enterolactone [6], which are
responsible for anti-estrogenic and weak estrogenic effects in mammalian tissue
[7]. Multiple studies have shown that flaxseed consumption leads to improvements in metabolism of glucose or lipids or both [4] [8] [9] [10] [11] [12]. Supplementing biscuits with flaxseed and sidr leaf has been shown to provide various health benefits including renal-protective and immune-enhancing properties
[13].
An early definition of the term “probiotic” deals with one species of protozoa
that produces growth-promoting factors that benefits the growth of another species [14]. A more recent and commonly used definition of probiotics is “live
microorganisms which when administered in adequate amounts confer a health
benefit on the host” [15]. Species of Lactobacillus and Bifidobacteria are the
most common types of probiotics, but other types of probiotics also exist. L.

acidophilus (first described by Ernst Moro in 1900) is a well-known probiotic
that is commonly added to yogurt. L. bulgaricus (first described by Stamen Grigoroff in 1905) and S. thermophilus (first described by Sigurd Orla-Jensen in
1919) are used as yogurt starters [16] as they produce lactic acid and have a
symbiotic relationship with each other. These yogurt starters have also been referred to as probiotics [17] [18]. Some studies have shown that yogurt bacteria
can survive transit through the human gastrointestinal tract since these organisms can be recovered in feces [19] [20]. A summary of health benefits provided
by probiotics has been given by Fijan [21].
Bile tolerance refers to an in vitro test that measures the ability of a bacterial
strain to survive in a media that contains bile salts with similarities to conditions
within the small intestines to give an indication of the likelihood that a bacterial
strain would survive in the host. It is an important selection criteria for probiotics for incorporation into foods and beverages. Sherman [22] mentioned the tolerance for bile in the enterococcus division. In an early attempt in classification,
Wheater [23] classified various lactobacilli cultures into L. acidophilus, L. bulga-

ricus, and a third intermediate group based on many tests including tolerance to
bile salt (sodium tauroglycocholate). Lankaputhra and Shah [24] have shown
that survival of L. acidophilus in 1.0% and 1.5% bile varied substantially among
different strains. Bile tolerance and metabolism of bile salts have recently been
reviewed by Ayyash [25].
There have been many recent attempts to improve bile tolerance including
addition of various ingredients and application of various processing techniques.
However, it does not appear that there are any reports examining if bile tolerances of free L. acidophilus, L. bulgaricus, and S. thermophilus can be improved
by addition of flaxseed. Some studies [26] [27] have shown that growth of L.
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acidophilus, L. bulgaricus, and S. thermophilus can be improved by addition of
flaxseed. It was hypothesized that the bile tolerances of L. acidophilus, L. bulgaricus, and S. thermophilus could potentially be improved by addition of flaxseed.
With hopes of also utilizing health benefits provided by flaxseed, the objective of
this study was to determine if flaxseed can enhance bile tolerance of L. acido-

philus LA-K, L. bulgaricus LB-12 and S. thermophilus ST-M5.

2. Materials and Methods
2.1. Materials
The following supplies were obtained for this project. L. acidophilus LA-K
(a pure culture strain commonly added as a probiotic to yogurt), L. bulgaricus
LB-12 (a pure culture strain commonly used as a starter culture in yogurt), and

S. thermophilus ST-M5 (another pure culture strain commonly used as a starter
culture in yogurt) were obtained from Chr. Hansen (Milwaukee, WI). Broths
that were used included BD Difco Lactobacilli MRS broth (Becton, Dickinson
and Company, Sparks, MD) and Oxoid M17 broth (Oxoid Ltd., Basingstoke,
Hampshire, England). Oxgall was obtained from United States Biological
(Swampscott, MA) and sodium thioglycolate (mercaptoacetic acid, sodium salt)
was obtained from Acros Organics (Geel, Belgium). Flaxseed that was used in
the MRS and M17 broths was obtained from a local grocery store. Agar (Acros
Organics, Geel, Belgium) was used in the MRS broth and M17 broth to form
MRS agar and M17 agar, respectively. Lactose (Oxoid Ltd., Basingstoke, Hampshire, England) was used in both the M17 broth and agar. BD Bacto peptone
(Becton, Dickinson and Company, Sparks, MD) was used for making dilutions.

2.2. Determination of Bile Tolerance
Bile tolerance was determined according to Pereira & Gibson [28] with modifications. A control (no flaxseed) broth and experimental (61.85 g flaxseed/L)
broth were prepared for each culture. For L. acidophilus LA-K and L. bulgaricus
LB-12, MRS broths [29] were prepared by mixing 55 g of MRS broth, 3 g of oxgall, 2 g of sodium thioglycolate, and 1 L of distilled water. For S. thermophilus
ST-M5, 37.25 g of M17 broth [30], 3 g oxgall, and 950 mL of water were mixed.
Also, 50 mL of a 10% lactose solution for the M17 broth was prepared. The M17
broth and the lactose solution were autoclaved separately at 121˚C for 15 min.
The lactose solution was then added aseptically to the M17 broth containing
oxgall after autoclaving. All broths were tempered to 37˚C before inoculation.
After inoculating the broths with the cultures forming a 10−2 dilution, broth
samples were taken hourly for 8 h for dilution with 0.1% Bacto peptone and
pour plating. L. acidophilus LA-K was plated in MRS agar and incubated anaerobically at 37˚C for 48 h. L. bulgaricus LB-12 was plated in MRS agar and incubated anaerobically at 37˚C for 72 h. S. thermophilus ST-M5 was plated in
M17 agar containing 5% of a 10% (w/w) lactose solution and incubated aerobically at 37˚C for 24 h. The change in counts (reported as log CFUs/mL) over 8 h
DOI: 10.4236/fns.2021.127050
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for the experimental broths was compared to the corresponding change in counts
of the control (no flaxseed) for each culture. Three replicates were performed for
both L. acidophilus LA-K and L. bulgaricus LB-12 while four replicates were
performed for S. thermophilus ST-M5.

2.3. Statistical Analysis
The log plate count data were analyzed as a two factor (presence versus absence
of flaxseed and time (hour) after inoculation) factorial experiment in a randomized block design using PROC MIXED in SAS 9.4 (SAS Institute Inc., Cary, NC).
Slopes of regression lines of log counts as a function of time represent the net
growth or decline of the bacteria over time, and a comparison of the slopes of
the regression lines between the flaxseed-containing broth and the control would
provide information about the effect of the presence of flaxseed on the growth of
these bacteria in the presence of bile. Significant differences in slopes of regression lines were tested using a random coefficient model by examining the significance of the flaxseed (presence versus absence) and time (hours after inoculation) interaction term in the analysis of variance. Significance was set at α =
0.05.

3. Results
3.1. Lactobacillus acidophilus
Figure 1 presents the log counts of L. acidophilus LA-K in MRS broths containing 0.3% oxgall and 0.2% sodium thioglycolate either in the presence or absence
of flaxseed during an 8-h incubation. Although not statistically significant, log
counts of L. acidophilus LA-K in the presence of flaxseed tended to be higher
than in the absence of flaxseed. The slope of the regression line in the graph
of log counts of L. acidophilus versus hours in the control broth was negative
(−0.04109) and significant (P = 0.0124) (Table 1) indicating decreasing counts
over time. Conversely, the slope of this type of graph for the flaxseed-containing

Figure 1. Log counts of L. acidophilus LA-K in MRS broths containing 0.3% oxgall and
0.2% sodium thioglycolate either in the presence or absence of flaxseed during an 8-h
incubation.
DOI: 10.4236/fns.2021.127050
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broth was 0.01403, but not significant (P = 0.2030).
For L. acidophilus, the flaxseed (its presence versus its absence) and hour
(after inoculation of L. acidophilus) factors were not significant in the analysis of
variance (Table 2). However, the flaxseed and hour interaction was significant
(P = 0.0147) indicating that the rate of change of log counts of L. acidophilus
over time (hours) was significantly different for the flaxseed containing broth
compared to the control broth. Therefore, the bile tolerance of L. acidophilus
LA-K in MRS broth was significantly enhanced by flaxseed.

3.2. Lactobacillus bulgaricus
The log counts of L. bulgaricus LB-12 in MRS broths containing 0.3% oxgall and
Table 1. Parameter estimates for intercept and slope and corresponding P value for log
counts of L. acidophilus, L. bulgaricus, and S. thermophilus enumerated hourly over 8 h
in presence or absence of flaxseed.
Bacteria

Control or Flaxseed

Parameter

Estimate

P value

L. acidophilus

Control

Intercept

10.3707

<0.0001

L. acidophilus

Control

Slope

−0.04109

0.0124

L. acidophilus

Flaxseed

Intercept

10.3853

<0.0001

L. acidophilus

Flaxseed

Slope

0.01403

0.2030

L. bulgaricus

Control

Intercept

9.1412

<0.0001

L. bulgaricus

Control

Slope

−0.02494

0.3127

L. bulgaricus

Flaxseed

Intercept

9.6777

<0.0001

L. bulgaricus

Flaxseed

Slope

0.01205

0.5945

S. thermophilus

Control

Intercept

10.2944

<0.0001

S. thermophilus

Control

Slope

−0.00275

0.8875

S. thermophilus

Flaxseed

Intercept

10.7818

<0.0001

S. thermophilus

Flaxseed

Slope

−0.01963

0.3272

Table 2. F values and P values for main effects (flaxseed and hour) and their interaction
(flaxseed * hour) for log counts of L. acidophilus, L. bulgaricus, and S. thermophilus
enumerated hourly over 8 h in presence or absence of flaxseed.

DOI: 10.4236/fns.2021.127050

Bacteria

Effect

F value

P value

L. acidophilus

Flaxseed

0.01

0.9213

L. acidophilus

Hour

4.29

0.1100

L. acidophilus

Flaxseed * Hour

17.80

0.0147

L. bulgaricus

Flaxseed

13.65

0.0201

L. bulgaricus

Hour

0.18

0.6913

L. bulgaricus

Flaxseed * Hour

1.49

0.2851

S. thermophilus

Flaxseed

10.96

0.0164

S. thermophilus

Hour

0.74

0.4253

S. thermophilus

Flaxseed * Hour

0.42

0.5423
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0.2% sodium thioglycolate either in the presence or absence of flaxseed during
an 8-h incubation are shown in Figure 2. The slopes of the regression lines in
the graph for log count of L. bulgaricus over time were not significantly different
from 0 for both the broth containing flaxseed and the control broth (Table 1).
For L. bulgaricus, presence or absence of flaxseed was significant (P = 0.0201)
(Table 2), and log L. bulgaricus counts in presence of flaxseed were significantly
higher than in its absence. However, hour was not significant. The flaxseed and
hour interaction was not significant, indicating no significant differences in the
rate of change of log counts of L. bulgaricus over time (hours) for the broth
containing flaxseed versus for the control broth. Therefore, the bile tolerance of

L. bulgaricus LB-12 in MRS broth was not significantly enhanced by flaxseed.

3.3. Streptococcus thermophilus
Figure 3 presents log counts of S. thermophilus ST-M5 in M17 broths containing 0.5% lactose and 0.3% oxgall either in the presence or absence of flaxseed
during an 8-h incubation. Similar results were obtained for S. thermophilus as

Figure 2. Log counts of L. bulgaricus LB-12 in MRS broths containing 0.3% oxgall and
0.2% sodium thioglycolate either in the presence or absence of flaxseed during an 8-h incubation.

Figure 3. Log counts of S. thermophilus ST-M5 in M17 broths containing 0.5% lactose
and 0.3% oxgall either in the presence or absence of flaxseed during an 8-h incubation.
DOI: 10.4236/fns.2021.127050
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for L. bulgaricus. The slopes of the regression lines in the graph for log count of

S. thermophilus over time were also not significantly different from 0 for both
the broth containing flaxseed and the control broth (Table 1).
Likewise, flaxseed was significant (P = 0.0164). Log counts of S. thermophilus
ST-M5 in the presence of flaxseed were higher than in the absence of flaxseed.
However, hour and the flaxseed and hour interaction were not significant (Table
2). Therefore, the bile tolerance of S. thermophilus ST-M5 in M17 broth was not
significantly enhanced by flaxseed.

4. Discussion
Addition of various ingredients and application of various processing techniques
have been shown to improve the bile tolerance of these microorganisms. Addition of up to 3% whey protein isolate improved the bile tolerance of pure cultures of S. thermophilus ST-M5 and L. bulgaricus LB-12 during 5 h of oxgall
exposure [31]. Likewise, addition of 5% lactose improved the bile tolerance of
pure cultures of S. thermophilus ST-M5 and L. bulgaricus LB-12 during 12 h of
oxgall exposure [32]. Addition of inulin to yogurt milk improved the ability of L.

acidophilus to tolerate bile salts compared to L. acidophilus in yogurt not containing inulin [33]. Encapsulating L. bulgaricus in alginate-milk microspheres
allowed it to survive in 1% and 2% porcine bile salt solutions for 1 and 2 h while
free L. bulgaricus did not survive [34]. Various low homogenization pressures
ranging from 3.45 to 13.80 MPa improved bile tolerance of S. thermophilus
ST-M5, and a homogenization pressure of 6.90 MPa improved bile tolerance of

L. acidophilus LA-K during 10 h of exposure to 0.3% oxgall [35].
The effect of flaxseed on the growth of L. acidophilus, L. bulgaricus, and S.
thermophilus has also been investigated in other studies. Although the growth of
L. acidophilus in MRS broth containing oxgall improved in the presence of flaxseed for 8 h in the present study, Bialasová et al. [36] found decreased growth of
L. acidophilus, L. bulgaricus, and S. thermophilus in the presence of flaxseed
meal in milk during 28 d of storage. Differences between the present results and
the results from Bialasová et al. [36] could be due to numerous factors including
different strains of microorganisms, presence of bile in the present study, different time periods, and different growth media. However, Mihoubi et al. [26]
found consistently increased S. thermophilus and L. bulgaricus counts in yogurt
supplemented with 3% ground flaxseed compared with its control during the 3.5
h fermentation time and 28 d of storage. Likewise, Mousavi et al. [27] found
higher L. acidophilus counts in stirred yogurt during 28 d of storage when supplemented with either 2% or 4% flaxseed. Smolová et al. [37] reported that they
were able to keep L. acidophilus counts above 107 cfu/g in UHT skim milk containing various varieties and forms of flaxseed during 28 d of 4˚C to 6˚C storage.
Bustamante et al. [38] found that L. acidophilus that was encapsulated with
flaxseed mucilage either in the presence or absence of flaxseed soluble protein
maintained greater relative viability for 6 h in MRS broth containing bovine bile.
DOI: 10.4236/fns.2021.127050
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It is important to note while the dosage of flaxseed was determined by SDG
content, there is no proof the beneficial effect of flaxseed on L. acidophilus is
strictly due to SDG. Further studies would have to be performed to determine
which component of the flaxseed is responsible for this beneficial effect.

5. Conclusion
The purpose of this study was to investigate the effect of flaxseed on the bile tolerance of L. acidophilus LA-K, L. bulgaricus LB-12 and S. thermophilus ST-M5.
Whole flaxseed administered at 61.85 g/L of broth significantly increased the
growth, and therefore bile tolerance, of L. acidophilus LA-K but not L. bulgari-

cus LB-12 and S. thermophilus ST-M5 in the presence of oxgall (3 g/L) between
0 to 8 h when compared to their control. Improving the in vitro bile tolerance of
L. acidophilus would likely improve their survival in the host.
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