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SURVIVABILITY OF ENCAPSULATED LACTOBACILLI IN HIGH
ACID FOODS

C.S.C. Tuam?, K. K. Per® and M.T. LioNG**

*School of Industrial Technology, Universiti Sains Malaysia, 11800 Penang. Malaysia
°School of Pharmaceutical Sciences, Universiti Sains Malaysia, 11800 Penang. Malaysia

(Received: 2 June 2013; accepted: 17 July 2013)

This study aimed to evaluate the survivability of lactobacilli cells encapsulated in calcium alginate beads coated with
methacrylic acid copolymers (MAc) in high acidic foods (orange juice and mayonnaise). Lactobacilli survived well
at low temperature (4 °C) for 6 wk in orange juice, 4 wk in heat-treated orange juice, 12 wk in mayonnaise, and 8
wk in heat-treated mayonnaise (P<0.05), without affecting the acidity of orange juice and mayonnaise during
storage. FTIR spectra showed that the characteristic peaks of calcium alginate and MAc were not altered, designating
no high affinity interaction between calcium alginate and MAc. DSC of MAc-coated alginate beads indicated an
increased in melting temperature, demonstrating improvement in molecular orientation in the MAc-coated alginate
beads compared to the control. Sensory evaluation revealed that panellists could detect the presence of MAc-coated
alginate beads, leading to a lower acceptance score.
Keywords: methacrylic acid copolymers, calcium alginate, FTIR, DSC, lactobacilli

Many strains of Lactobacillus have been associated with health and nutritional benefits for
the maintenance and proliferation of healthy intestinal microflora. (LionG et al., 2007),
attributed to their abilities to produce acids and at the same time, surviving in acidic
environment (LioNG & SHaH, 2005). High acidic foods, such as fruit juices (pH 2.5 and 3.7)
and mayonnaise (pH 4.1), pose a challenge for the incorporation of lactobacilli due to the
growth inhibiting properties of the acidic environment. Hence, encapsulation has been
applied to maintain the viability of cells in such foods (GIRHEPUNJE et al., 2010).

Alginate has been greatly applied in food products, also as an encapsulant. Unfortunately,
calcium alginate gel is insufficient to provide protection under acidic conditions (SULTANA et
al., 2000), due to porosity of the calcium alginate matrix leading to acid penetration from the
media to the interior of the matrix. An additional coating of the calcium alginate beads is
needed to enhance protection. Methacrylic acid copolymer is a pH-dependant polymer
containing carboxyl groups that helps to protect lactobacilli against varying pH levels during
transit in the gastrointestinal tract and provides controlled release at pH-specific sites (THAM
etal., 2014).

This study is the continuation of the work from our previous study (THaMm et al., 2014),
thus it is aimed to further evaluate the survivability of lactobacilli during storage in high
acidic foods and to study potential interactions between MAc and calcium alginate using
Fourier Transform Infrared Spectroscopy (FTIR) and Differential Scanning Calorimetry
(DSC). The present study would also investigate the acceptability of orange juice and
mayonnaise containing MAc-coated alginate beads by panellists through sensory evaluations.
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1. Materials and methods

1.1. Bacterial cultures and encapsulation

Lactobacillus casei BT 1268 was obtained from the Culture Collection Centre of the School
of Industrial Technology, Universiti Sains Malaysia (Penang, Malaysia) and was propagated,
maintained, and encapsulated as previously described (THawm et al., 2014).

1.2. Fourier transform infrared spectroscopy (FT-IR)

The spectra of blank calcium alginate beads, vacuum-dried MAc powder, and MAc-coated
alginate beads were determined by the KBr pellet method using a Thermo Scientific Nicolet-
iS10 (Thermo Scientific Nicolet, Madison, WI). The dried matrices were vacuum dried at
40 °C for 2 days and then ground with a grinder into a fine powder (MousTAFINE et al., 2010).
Two mg of each sample was mixed with dry KBr and then compressed into pellets. The
samples were then analyzed with a scanning range of 4000-500 cm .

1.3. Differential scanning calorimetry (DSC)

The analysis of blank calcium alginate beads, vacuum-dried MAc powder, and MAc-coated
alginate beads were scanned in the range of 30—430 °C, using a Perkin Elmer DSC 6 (Perkin-
Elmer, Waltham, MA) at the heating rate of 10 °C min ' in a nitrogen atmosphere. Two mg of
each sample was accurately weighed into individual aluminium pans and heated.

1.4. Sensory evaluation

Acceptability was studied with 100 (62 female, 38 male) untrained panellists using controls
(blank orange juice or blank mayonnaise) and samples (orange juice or mayonnaise containing
beads as prepared in Section 1.1). Prior to sensory evaluation, controls and samples were
refrigerated, randomly coded, and served together with white bread to panellists seated
separately in sensory booths. Comparisons were made for appearance, aroma, texture,
graininess, sourness, mouthfeel, aftertaste, and overall acceptability at a 7-point hedonic
scale where 1=like very much and 7=dislike very much.

1.5. Storage and heat processing stability

Commercially available orange juice (with no added preservatives) was used for all
experiments. One hundred g of beads (as prepared in Section 1.1) was added into 900 ml of
orange juice, followed by pasteurization (high temperature short time) at 94 °C for 26 s and
cooling (0 °C) (WALKLING-RIBEIRO et al., 2009). Orange juice not containing any beads but
treated the same way was used as control. Mayonnaise was prepared as previously described
by KHALIL and MANsouR (1998), with the addition of beads (100 g) to 900 g of the mayonnaise.
The mixture was heated at 70 °C for 10 min and cooled (0 °C). Mayonnaise not containing
beads but prepared the same way was used as control.

Samples were stored at 4 °C and 27 °C for 12 wk, sampled every 2 wk, washed with
saline solution (0.9%, w/v), serially diluted, plated onto sterile MRS agar supplemented with
L-cysteine hydrochloride (0.15%, w/v), and incubated at 37 °C for 48 h. pH changes of
samples were also analysed every 2 wk.
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1.6. Statistical analysis

Data analysis was carried out with SPSS Inc. software (version 14.0; SPSS Inc., Chicago,
IL). The t-test and repeated measures ANOVA were used, with significance level at a=0.05.
Tukey’s test was used to perform multiple comparisons between means. All data are presented
as mean * standard error of means. All analyses were performed in triplicates, n=3.

2. Results and discussion

2.1. Fourier transform infrared spectroscopy (FTIR) spectra

The broad band between 3500 and 3000 cm™ showed O-H stretching vibration from inter-
and intramolecular hydrogen bonds, a typical characteristic of carboxylic groups (Fig. 1A,
1B and 1C), with a maximum band around 3500 cm™' representing “free” hydroxyl stretch
(Rurmvo & MonTEIRO, 2003). The characteristic of calcium alginate spectra corresponded to
1635.27 cm™ (COO), 1422.07 cm™ (CH), and 1034.40 cm™ (COC) (MLADENOVSKA et al.,
2007). The spectra at 1741.19 cm™ was due to the vibration of carboxylic acids (C=0) in
MAc. The deformation vibrations of CH, and CH, were also observed at 1451.99 cm™'and
1386.32 cm! (Bianco et al., 2003; RuriNo & MoNTEIRO, 2003). Our data showed absence of
high affinity interaction between polymers in the mixture, with minimal chemical changes
between the polymers during processing. This may be attributed to the anionic nature of both
polymers that do not form any interactions (GULREZ et al., 2011; SiBeko et al., 2012).

2.2. Differential scanning calorimetry (DSC) studies

Maximum endothermic peaks corresponding to melting temperature were positioned at
171.369-176.215 °C (Fig. 2A, 2B and 2C). Endothermic peaks are associated to loss of water
linked to hydrophilic groups within the polymers (SARMENTO et al., 2006). Higher melting
temperature was recorded for MAc-coated alginate beads (176.215 °C), while lower melting
temperature were observed for blank calcium alginate beads and vacuum-dried MAc powder
(171.369 °C). A higher melting temperature indicates higher stability of complexes and
crystallinity, in addition to a better orientation of molecules due to a higher energy requirement
for the removal of residual water adsorbed onto beads. Thus, the addition of MAc layer
improved the molecular orientation and crystallinity in beads (Func et al., 2011).

2.3. Sensory evaluation

The appearance, aroma, sourness, and aftertaste values between control and sample orange
juices were similar (Table 1), indicating that the addition of MAc-coated alginate beads did
not give “off-flavour” to the sample (Krasaekooprt & Kitsawap, 2010). Texture, graininess,
mouthfeel, and overall acceptability of orange juice containing MAc-coated alginate beads
showed significant differences (P<0.05) as compared to the control. This may be due to the
unfamiliarity of consumers with a “grainy” orange juice (Krasaekooprt & Kitsawap, 2010),
leading to reduced acceptability. A conventional orange juice contains soft pulps as compared
to the hard MAc-coated alginate beads, hence the slight difference in texture in the mouth.
Mayonnaise supplemented with MAc-coated alginate beads showed significant difference
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Fig. 1. FTIR spectra of A) calcium alginate, B) Mac, and C) calcium alginate and methacrylic acid complex
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Fig. 2. DSC thermogram of A) calcium alginate, B) Mac, and C) calcium alginate and methacrylic acid complex
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(P<0.05) in appearance, texture, graininess, mouthfeel, and overall acceptability as compared
to the control, whereas aroma, sourness, and aftertaste showed insignificant differences. The
rigidity and hardness of the MAc-coated alginate beads were apparent during mastication
(BurGaN et al., 2011), suggesting the need to reduce the size of the beads.

Table 1. Consumer acceptance and preference of controls (blank orange juice and mayonnaise) and samples
(orange juice and mayonnaise containing MAc-coated alginate beads)

Products Appearance Aroma Texture Graininess Sourness Mouthfeel Aftertaste  Overall
acceptability

Control 1.84+ 1.87+  1.84+ 2.03+ 225+ 1.91+ 2.15+ 1.67+

(Blank orange 0.96* 0.97 0.79° 0.78 1.03¢ 0.79° 1.13¢ 0.73¢

juice)

Sample 2.06+ 2,10+ 246+ 2.81+ 2.52+ 2.55+ 243+ 2.30+

(Orange juice 1.02¢ 1.01° 1.10° 1.03% 1.10° 1.10° 1.18° 1.00°

containing

MAc-coated

alginate beads)

Control 2.20+ 243+ 221+ 2.56+ 2.53+ 2.30+ 2.59+ 2.14+

(Blank mayonnaise) 1.02* 1.07* 1.19* 1.24* 1.17* 1.24* 1.20* 1.17*

Sample 2.82+ 272+ 2.89+ 3.39+ 2.82+ 2.96+ 2.90+ 2.84+

(Mayonnaise 1.36" 1.22¢ 1.46° 1.44° 1.28¢ 1.54° 1.32¢ 1.42°

containing

MAc-coated

alginate beads)

Results are expressed as the meantstandard error; n=100. ®®Means with different lowercase superscript letters are
significantly different (P<0.05).

* 7-point hedonic scale; 1=Like very much, 2=Like moderately, 3=Like slightly, 4=Neither like nor dislike,
S5=Dislike slightly, 6=Dislike moderately, 7=Dislike very much

2.4. Storage

Lactobacilli cells survived better (P<0.05) at 4 °C with survivability of 41.36% compared to
27 °C with 25.94% (Table 2). This may be due to the lower activities of cells at lower
temperatures, while higher temperatures promote metabolic and cellular activity leading to
uncontrolled growth, “overacidification” and the maximum usage of nutrients stored in the
cells (DEsar, 2008). The viability of encapsulated lactobacilli cells in orange juice and heat-
treated orange juice declined weekly (P<0.05) at 4 °C with absence of growth after 8 wk and
6 wk, respectively. Heat-treated orange juice and mayonnaise showed a higher log reduction
(P<0.05) compared to non-heat-treated samples, suggesting that lactobacilli cells were
weakened during heat treatment. Although our DSC data demonstrated that calcium alginate
and MAc beads were heat stable, the heat treatment could cause structural changes to the
beads, thus reducing its protective effects against increasing temperatures (CHEN et al., 2007).
In addition, pH changes were insignificant and the pH was maintained in all products
throughout storage, indicating that the encapsulated cells and their metabolites did not diffuse
out from the beads into the exterior environment.
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On the other hand, the viable counts dropped remarkably at the storage temperature of
27 °C, where no growth after 6 wk for orange juice and 4 wk for heat-treated orange juice
could be detected. The survival of lactobacilli cells in mayonnaise was higher than that in
orange juice (P<0.05), where growth was observed after 12 wk for normal mayonnaise and
8 wk for heat-treated mayonnaise stored at 4 °C. No growth was observed after 10 wk and
8 wk for both mayonnaise and heat-treated mayonnaise stored at 27 °C, respectively.
In general, viability could be sustained longer in a colloidal high acidic food compared to
the liquid counterpart, mainly attributed to the diffusion of acidity into the encapsulated
matrix. We have previously demonstrated that MAc-coated alginate beads may prevent cell
release in acidic media and could protect cells under simulated gastric conditions at pH 2 for
90 min (THawm et al., 2014). However, under prolonged storage, subsequent diffusion of acidic
media into the beads could occur leading to reduced cell viability (IBEKWE et al., 2006).

3. Conclusions

Alginate beads coated with MAc could exhibit appropriate cell protection in high acidic
foods. Optimization of coating materials may produce higher survival rates and cell viability
over storage. Consumer preference showed that the presence of beads could be felt, leading
to a reduced acceptance score. The production of beads as nano-size particles may alleviate
this problem.

This work was financially supported by the short term grant (304/PTEKIND/6312056) and Graduate Assistant
scheme provided by the Universiti Sains Malaysia.
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