LWT - Food Science and Technology 54 (2013) 125—131

Contents lists available at SciVerse ScienceDirect

LWT-

Food Science and Technology

LWT - Food Science and Technology

journal homepage: www.elsevier.com/locate/lwt —

Acerola nectar with added microencapsulated probiotic @CmssMark

A.E.C. Antunes®*, A.M. Liserre?, A.L.A. Coelho €, C.R. Menezes 9, I. Moreno ¢,
K. Yotsuyanagif, N.C. Azambuja?

4 FCA/UNICAMP — Faculdade de Ciéncias Aplicadas (School of Applied Sciences), Universidade Estadual de Campinas (University of Campinas), Brazil

b mnstituto Adolfo Lutz — Adolfo Lutz Institute, Brazil

€ FRUTHOTEC/ITAL - Centro de Tecnologia de Frutas e Hortaligas, Instituto de Tecnologia de Alimentos (Center of Fruit and Vegetables Tecnology / Institute of
Food Technology), Brazil

4 DTCA/UFSM — Departamento de Tecnologia e Ciéncia dos Alimentos, Universidade Federal de Santa Maria (Food Science and Technology Department),

School of Santa Maria, Brazil

€ TECNOLAT/ITAL — Centro de Pesquisa e Desenvolvimento de Laticinios, Instituto de Tecnologia de Alimentos (Center of Dairy Research and Development
/Institute of Food Technology), Brazil

fCCQA/ITAL — Centro de Ciéncia e Qualidade de Alimentos, Instituto de Tecnologia de Alimentos (Center for Food Science and Technology, Institute of Food
Technology), Brazil

ARTICLE INFO ABSTRACT

Article history:

Received 23 October 2012
Received in revised form
11 April 2013

Accepted 17 April 2013

The aim of this study was to evaluate the survival of a probiotic microorganism microencapsulated in
cellulose acetate phthalate, added to acerola nectar. The changes in pH, Brix, organic acid content and
color of the product during its shelf-life were evaluated. A total of 3 processing runs were carried out on a
semi-industrial scale, each consisting of a 15-liter batch of acerola nectar with added prebiotics and a
microencapsulated probiotic culture. The physicochemical characteristics of the samples remained stable
throughout storage. After 30 days storage the acerola nectar samples containing microencapsulated

i?é ‘;‘;‘;;dflgctar probiotic microorganisms exhibited counts above 8 log CFU per 200 mL, within the limits set by the
Probiotic Brazilian regulation for functional foods. On the other hand, the samples containing free Bifidobacterium
Prebiotic animalis cells showed counts of 5.9 log CFU per 200 mL after the same storage time. It was concluded that

Microencapsulation microencapsulation was a suitable technique for improving the viability of probiotic microorganisms in

acerola nectar during cold storage.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Fruit juice is considered to be a healthy food product, and is
currently consumed frequently and loyally by a large percentage of
the global consumer population (Luckow & Delahunty, 2004a).
Significant growth in the fruit market has attracted the attention of
fruit growers, fruit distributors and processors to meet the de-
mands (Renuka, Kulkarni, Vijayanand, & Prapulla, 2009). Although
most of the current probiotic foods are mainly dairy based, there is
a growing interest in the development of non-dairy probiotic
products. Non-dairy products could be helpful for cases where
lactose intolerance, allergy to milk proteins and hypercholester-
olemia are drawbacks, and for others where people refuse to ingest
dairy products or where dairy products are inaccessible (Granato,
Branco, Nazzaro, Cruz, & Faria, 2010; Ranadheera, Baines, &
Adams, 2010; Rivera-Espinoza & Gallardo-Navarro, 2010).
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A prebiotic is a non-digestible food ingredient that beneficially
affects the host by selectively stimulating the growth and/or ac-
tivity of one or a limited number of bacteria in the colon which can
improve the host’s health (Gibson & Roberfroid, 1995). On the other
hand, probiotics are defined as live microorganisms that, when
administered in adequate amounts, provide health benefits to the
host (FAO/WHO, 2001). According to Luckow and Delahunty
(2004b), there is a genuine interest in developing fruit-based
functional beverages, fortified with probiotic and prebiotic in-
gredients. Fruit juices are rich in nutrients and do not contain
starter cultures that compete with probiotics for nutrients (Ding &
Shah, 2008; Sohail, Turner, Prabawati, Coombes, & Bhandari, 2012).
Yoghurts and fermented milks are the main vehicles for probiotic
cultures (Cruz, Antunes, Sousa, Faria, & Saad, 2009). However,
beverages such as fruit and vegetable juices could be the next food
category where healthful probiotic bacteria will make their mark
(Prado, Parada, Pandey, & Soccol, 2008).

Dairy products containing Bifidobacterium and Lactobacillus
strains, sugar fortified with FOS (fructo-oligosaccharides) or inulin
have been emerging on the food market for more than 10 years
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(Saad, Delattre, Urdaci, Schmitter, & Bressolier, 2013). There are
currently two probiotic-carrying fruit juice blends on the Canadian
market, containing between 1 and 3 billion probiotic cells per
250 mL portion (Champagne & Gardner, 2008).

The survival of Lactobacillus and Bifidobacterium strains has been
studied in the following fruit juices: orange, pineapple, apple, green
apple, cranberry, pear, grape, passion fruit, lemon, peach, straw-
berry, mango, kiwi, pomegranate and cashew apple (Champagne &
Gardner, 2008; Cruz et al., 2009; Ding & Shah, 2008; Nualkaekul &
Charalampopoulos, 2011; Nualkaekul, Lenton, Cook, Khutoryanskiy,
& Charalampopoulos, 2012; Pereira, Maciel, & Rodrigues, 2011;
Rodrigues et al, 2012; Saarela et al, 2011; Saarela, Virkdrvi,
Alakomi, Sigvart-Mattila, & Mattd, 2006, Saarela, Virkajdrvi,
Nohynek, Vaari, & Maittd, 2006; Sheehan, Ross, & Fitzgerald,
2007; Sohail et al, 2012; Vinderola, Costa, Regenhardt, &
Reinheimer, 2002; ). The viability of probiotic microorganisms is
different depending on the fruit matrices and is also strain
dependent. Even if fermented milks are the preferred base to
deliver probiotics there is a trend to use exotic fruits as an ingre-
dient (Santo, Perego, Converti, & Oliveira, 2011).

Viability of probiotic bacteria is of paramount importance in the
marketability of probiotic-based food products (Kailasapathy,
2006). In Brazil functional foods are regulated by Anvisa — Brazil-
ian Agency of Sanitary Surveillance, and the present regulation
states that the minimum viable quantity of probiotic culture should
be between 10® and 10° CFU per daily portion of the product and
that the probiotic population should be stated on the product label
(Anvisa, 2002).

Adding probiotics to fruit juices is more complex than
formulating in dairy products. In part this is due to the low pH of
fruit juices and insufficient quantities of some of the small pep-
tides and free amino acids necessary for probiotics. In addition,
acid and bile tolerance is better in cells added to milk than in
those added to juice, and the probiotics should not only survive
in the food product, but should reach the intestine alive
(Champagne & Gardner, 2008; Saarela, Virkdrvi, Alakomi,et al.,
2006). Microencapsulation technology can promote probiotic
viability in fruit juices, expanding the application of probiotics
because microcapsules may provide a more favorable anaerobic
environment for the sensitive probiotic bacteria, as well as rep-
resenting a physical barrier from the harsh acidic conditions of
the fruit juice (Ding & Shah, 2008). Microencapsulation is the
process of applying a shell to sensitive microorganisms to protect
them from their external environment, thus reducing cell injury
(Capela, Hay, & Shah, 2007; Kailasapathy, 2006). Natural polymer-
based materials represent promising matrices as controlled de-
livery systems due to their biodegradability, compatibility food-
grade nature and wide availability (Doherty et al, 2011).
Anekella and Orsat (2013) studied the microencapsulation of
probiotics in raspberry juice by spray drying and Doherty et al.
(2011) evaluated the efficacy of whey protein isolate as an
encapsulation matrix.

The acerola fruit is native to Central America and very
well adapted to cultivation in Brazil, which, in turn, has become
the major worldwide producer, consumer and exporter (De
Rosso & Mercadante, 2005). This fruit is well known as an
excellent food source of vitamin C and also contains phyto-
chemicals such as carotenoids and polyphenols (Mezadri,
Villafio, Fernandez-Pachén, Garcia-Parrilla, & Troncoso, 2008).
Vitamin C can be beneficial to probiotic survival during
storage, presumably because it is an oxygen scavenger, thus
promoting a more favorable anaerobic environment (Dave &
Shah, 1997).

The aim of this study was to develop an acerola nectar
with added inulin and Bifidobacterium animalis microencapsulated

in cellulose acetate phthalate by a spray-drying technique, evalu-
ating the survival of the probiotic microorganism and monitoring
changes in the pH value, Brix, organic acid content, vitamin C
content and color of the product during the shelf-life.

2. Material and methods

For the microencapsulation processes a culture of B. animalis
subsp. lactis BB-12 (Chr. Hansen, Valinhos/Brazil) was used and the
following encapsulating agents: cellulose acetate phthalate - CAP
(Index Pharmaceutical, India), glycerol (Difco), Hi-maize, malto-
dextrin (Mor-Rex), Tween 80 (Synth), trehalose (Sigma—Aldrich),
inulin (Clariant, Orafit) and reconstituted milk (Molico, Nestle).

Acerola pulp (De Marchi) plus inulin (Orafti), refined commer-
cial sugar and citric acid were used to manufacture the fruit nectars.

For the tests, the culture was reactivated by subculturing in
sterile milk (12 g of milk powder diluted in 86 mL of water) sup-
plemented with 1 g glucose and 1 g yeast extract and incubated at
37 °C for 24 h. The active cultures in sterile supplemented milk
were centrifuged (6000 x g for 10 min at 4 °C), the supernatants
discarded and the suspensions washed twice in 0.85 g/100 mL sa-
line solution (20 mL), centrifuging as above and resuspending in
sterile NaCl solution.

2.1. Microencapsulation of the probiotic bacteria by spray drying

The B. animalis subsp. lactis BB-12 culture was immobilized in
cellulose acetate phthalate following the methodology described
by Favaro-Trindade and Grosso (2002) with some alterations. Each
100 mL of the microencapsulation solution consisted of the
following combination of ingredients: 7.5 g CAP, 3.5 g glycerol, 2.0 g
maltodextrin, 0.8 g tween 80, 3.0 g reconstituted milk, 1.0 g hi-
maize and 2.0 g trehalose. The cell suspension was added to the
microencapsulation solution and the mixture submitted to spray
drying in a Biichi model B-290 mini spray dryer with a 1.5 mm
diameter atomizing nozzle and an evaporating capacity of .0 Lh~",
The operational parameters of the equipment were as follows: air
entrance temperature of 110 °C, air flow of 439 L h~! and outflow of
6 mL min~".

2.2. Characterization of the acerola pulp

The batches of acerola pulp were characterized according to the
pH value, Brix and total titratable acidity. The pH value was
determined using a digital pH-meter (Micronal B-375). The total
titratable acidity was determined by titration associated with the
use of a pH-meter, expressing the results in grams citric acid per
100 g sample. The soluble solids content was measured directly
using a digital refractometer (Atago/PAL-1) and the results
expressed in °Brix.

2.3. Processing of the acerola nectar

Three separate 15 L batches of acerola nectar with added pre-
biotics were processed in the Pilot Plant, and microencapsulated
B. animalis added to one, free B. animalis cells to another and no
probiotic bacteria to the third (control). Fig. 1 shows the flow dia-
gram for the processing of the products. The acerola nectars were
formulated to result in products with a ratio of 40 (°Brix/titratable
acidity ratio), containing 30 g/100 g of fruit pulp. Thus the formu-
lations were calculated to result in products with a total titratable
acidity of 0.29 g citric acid per 100 g product with 11.6 °Brix. Inulin
was also added at a rate of 7.5 g per kg of product to conform to the
Brazilian regulation that establishes 1.5 g of prebiotics per 200 mL
portion of nectar.



A.E.C. Antunes et al. / LWT - Food Science and Technology 54 (2013) 125—131 127

Heating at 50 °C & degassing for 1.5 minutes in an insulated
vacuum vat with stirring, 450-500 mmHg (manometric)

Filling into 300 mL glass bottles

l

Closing with twist off metal caps

}

Heat treatment in boiling water in an open tank for 15 minutes

Addition of microencapsulated or free cells of the probiotic culture
in an aseptic environment

!

Cold storage (5+1 °C), with microbiological, physical and
physicochemical analyses every 5 days

Fig. 1. Flow diagram of the processing and analysis of the acerola nectar samples.

The acerola nectars were manufactured with fruit pulp (De
Marchi/Brazil), filtered water, commercial refined sugar, inulin
(kindly provided by Orafti) and citric acid. Processing consisted of
heating and degassing in an insulated vacuum vat with stirring
(50 °C, 450—500 mmHg manometric pressure), followed by filling
into glass 300 mL bottles, closing with metallic twist-off caps and
heat treatment in boiling water in an open tank for 15 min. Cooling
was carried out in two stages: first with water at 60 °C to avoid heat
shock of the glass bottles, followed by water at room temperature.
After cooling the B. animalis cultures, either in the form of micro-
particles or DVS (Direct Vat Set) freeze dried free cells, were added
to the appropriate bottles in an aseptic environment.

After processing, the nectars were stored in a cold chamber at a
temperature of 5 + 1 °C. The three batches were evaluated every 5 days
for a total of 35 days of storage, determining the ascorbic acid content,
soluble solids, pH value and color, and also carrying out an electronic
microscopy examination. The microbiological evaluation consisted of
B. animalis and yeast and mold counts for up to 35 days of storage.

2.4. Bifidobacterium animalis count

The stability of the probiotic culture during storage in the fruit
nectar was determined by counting the viable cells after freeing
them from the particles by shaking in a shaker at 150 rpm in a
solution of phosphate buffer (0.2 mol/L) at pH 7.5 for 3 h. The
counts were carried out in MRS (de Man, Rogosa and Sharpe, Difco)
agar supplemented with lithium chloride (0.1 g/100 mL), sodium
propionate (0.3 g/100 mL) and 1-cysteine (0.05 g/100 mL) using the
pour plate technique (Liserre, Ré, & Franco, 2007). Incubation was
done under anaerobic conditions (Anaerogen, Oxoid/England). Se-
rial decimal dilutions were prepared in 0.1 mL/100 mL peptone
water. The results were expressed in log CFU mL™.

2.5. Determination of yeasts and molds

The yeasts and molds in the fruit nectar were determined by the
spread plate technique on Rose-Bengal Chloramphenicol Agar

(Difco), incubating for 5 days at 25 + 1 °C. The results were
expressed in log CFU mL™",

2.6. Total aerobic psychrotrophic microbial count

The total aerobic psychrotrophic microbial count in the fruit
nectar was determined by inoculation onto PCA agar (Plate Count
Agar, Difco) and incubation at 7 + 1 °C for 7 days. The results were
expressed in log CFU mL™ .

2.7. Physical and chemical analyses

The samples of acerola nectar were analyzed for pH, total
titratable acidity and soluble solids content every 5 days.

The ascorbic acid content was determined by HPLC with a mo-
bile phase of acetonitrile plus deionized water in the proportion of
3:1, filtered and degassed according to the methodology of Maeda,
Yamamoto, Owada, Sato, and Masui (1989). The chromatographic
conditions used were the following: Shimadzu model class 10
chromatograph; model SPD-M6A diode array detector with a
wavelength of 245 nm; mobile phase of KH,PO4 (Synth), hepta-
nesulfonic acid, sodium salt (Acros), triethylamine (Acros) and
methanol (Tedia), with a flow rate of 0.8 mL min~".

2.8. Color analysis

A Konica Minolta CR-400 portable colorimeter was used to
analyze the color of the fruit juice using the CieLab system with
illuminant C. The measurements of L*, a* and b* were analyzed
throughout storage and the results expressed as the total color
difference (AEa) between each sample at a determined storage
time and the color of the just-processed sample, using the
following equation:

AE, — [(AL*>2 + (Aa*)z + (Ab*)z]”z (1)

where A = the difference in the color parameter between the stored
and just-processed samples.

2.9. Optical microscopy of the microencapsulated particles

The capsules added to the fruit juice were analyzed from images
captured using a Carl Zeiss model Axiocam ICC 1 digital scientific
camera (Germany), coupled to a Zeiss model Axio Scope Al
microscope.

2.10. Analysis of the results

The results obtained were analyzed statistically using ANOVA
and the means of the treatments compared using Tukey’s test, with
a level of significance of p < 0.05. Mean values and standard de-
viations were calculated from the data obtained with triplicate
trials for the physical and chemical analyses and duplicate trials for
the microbiological analyses. The data were then compared by
Statsoft Inc, Version 5.5. (2000).

3. Results

The viability of the probiotic culture added to the acerola nectar
in the form of microcapsules was accompanied during refrigerated
storage, and the results compared with those obtained for the
addition of the same culture in the form of free cells (Fig. 2). The
results were calculated considering a 200 mL portion of nectar,
based on the Brazilian regulation (Anvisa, 2003). The control
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Fig. 2. Mean populations (log CFU mL™") of B. animalis in the form of microencapsulated cells () and free cells () in acerola nectar with the addition of 1.5% inulin per portion,
during refrigerated storage (5 + 1 °C). Obs.: Results followed by the same small letters do not differ at the 5% level with respect to the treatment. Results followed by the same

capital letters do not differ at the 5% level with respect to the time.

samples (with no added probiotic bacteria) were also analyzed
under the same conditions, but no colonies were found in the plates
containing culture medium selective for bifidobacteria. In a com-
plementary way, the decrease in the microencapsulated and free
cell probiotic culture counts during 35 days of storage, as compared
to the respective first day of storage acerola nectar samples, were
also calculated, and the results can be seen in Table 1.

The counts for the total psychrotrophic aerobes and for yeasts
and molds were determined in the acerola nectar samples, giving
counts below the detection limits of the analyses (<1 log
CFU mL™1), indicating good hygienic-sanitary quality of the samples
during the 35 days of refrigerated storage.

Table 2 shows the mean results obtained for the pH values of the
3 batches of acerola nectar. The pH values of the control samples
and of those with added B. animalis in the free cell form did not
differ significantly throughout the whole storage period. On the
other hand, the sample with added microparticles differed from the
others showing higher pH values, probably due to the wall material
of the particles.

The results of the color parameters were interpreted according
to the total difference in color between the samples stored under
refrigeration and the initial samples (zero time). Table 3 shows the
total difference in color (AE}; ) throughout the storage of the acerola
nectar samples. No statistically significant difference was found
between the treatments when the samples analyzed at each stage
were compared. This signifies that the addition of probiotics, be it
in the form of free cells or microencapsulated cells, did not interfere
with the color of the product. In addition, no statistically significant
differences were observed when each treatment was analyzed

Table 1

Decrease in the B. animalis counts (log CFU mL™!) during 35 days of storage as
compared to the just-processed samples of acerola nectar containing the micro-
encapsulated (M) probiotic cells in the free form (F).

Time (days) M F

5 —-0.10 0.50
10 0.26 0.58
15 0.21 0.54
20 043 0.69
25 0.29 0.94
30 0.32 1.42
35 0.69 1.95

throughout the storage period up to the 30th day. Such results
showing total color maintenance for each treatment are in agree-
ment with the ascorbic acid content of the samples. The ascorbic
acid contents were very similar for the 3 treatments, showing
means of 189 mg, 187 mg and 189.5 mg per 100 mL sample during
refrigerated storage, for the control samples and for those with the
addition of probiotic bacteria in the microencapsulated and free cell
forms, respectively.

The results for total titratable acidity did not differ significantly,
independent of the treatment and refrigerated storage time. The
mean results for the titratable acidity throughout 35 days of storage
were 0.28 4+ 0.01; 0.29 + 0.01 and 0.28 + 0.00 g 100 g’l, respec-
tively, for the control sample and for those with probiotics added in
the form of microparticles and free cells. The mean soluble solids
contents for the three treatments also remained constant, pre-
senting a mean value of 11.9 + 0.08 °Brix throughout 35 days of
storage.

Fig. 3 shows the results obtained in the microscopy of the
samples. The size of the microcapsules containing B. animalis was
found to vary between 0.11 um and 65.51 pm, with the mean for the
majority of the particles being about 20.2 pm.

4. Discussion

The samples containing the microencapsulated B. animalis cul-
ture maintained counts of about 8 log CFU per portion (200 mL

Table 2

Results for pH obtained during storage of acerola nectar samples with added inulin
at 1.5 g per portion in the control (C), and with added microencapsulated (M) or free
(F) B. animalis cells.

Time (days) C M F MSD
0 3.46 +£0.02 b 3.62 +£0.03 a 3.45 + 0.03 b 0.061
5 345 +£0.02 b 3.60 £ 0.04 a 3.43 £0.03 b 0.081
10 343 +0.02b 3.58 £ 0.01 a 3434+ 0.02b 0.145
15 3.44 £ 0.03 b 3.60 +£0.02 a 3.44 + 0.03 b 0.069
20 341 +£0.02b 3.56 +£0.01 a 3.40 + 0.03 b 0.052
25 3.71 £0.04 b 3.83 £0.03 a 3.71 £ 0.03 b 0.081
30 349 +0.04b 3.62 £ 0.02 a 347 £ 0.03 b 0.068
35 3.44 £0.02 b 3.60 +£0.02 a 3.44 + 0.02 b 0.047

Obs.: Samples (mean + standard deviation) followed by the same small letters in the
same line do not differ at the 5% level. Means and standard deviations for n = 3. MSD
— minimum significant difference.
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Table 3

Total difference in color (AE},) throughout storage of the acerola nectar samples
with added 1.5 g of inulin per portion in the control (C), and with added micro-
encapsulated (M) or free (F) B. animalis cells.

Time (days) C M F MSD
5 024 £0.05bB 051 +£0.29abB 0.74 +0.14aBC 0.470
10 041+0.14aB 038 £ 0.09aB 043 +031aC  0.502
15 083 +0.19aAB 093 +0.12aB 0.99 + 0.26 aBC 0.488
20 0.71 £+0.11aAB 0.80+0.16aB 0.63 £035aBC 0577
25 0.60 £+ 0.06 aAB 0.57 +0.10aB 0.69 +£0.07aBC 0.188
30 136 £+ 051aAB 197 +064aAB 1.69+072aB 1.571
35 220+ 141aA 293+134aA 289+057aA 2929
MSD 1.603 1.611 1.128

Obs.: Samples (mean =+ standard deviation) followed by the same small letters in the
same line do not differ at the 5% level. Samples (mean + standard deviation) fol-
lowed by the same capital letters in the same column do not differ at the 5% level.
Means and standard deviations for n = 3. MSD — minimum significant difference.

nectar) for 30 days of refrigerated storage. This count conforms to
the value recommended by the Brazilian regulation for products
alleging functional properties (Anvisa, 2002). Comparing the two
forms of addition (microencapsulated and free cells) on the thir-
tieth day, the survival of the probiotic culture in the form of free
cells decreased by about 1.5 log CFU per portion of acerola nectar.
After 35 days of refrigerated storage, the viable count of the
microencapsulated probiotic culture in the nectar had decreased to
an extent that the product no longer conformed to the Brazilian
regulation. When compared with the first day of storage, a differ-
ence of 0.69 and 1.95 log CFU mL~' was observed, respectively, for
the microencapsulated and free cells of the probiotic culture. Ac-
cording to Table 1, the decrease in viability of the probiotic culture
was less than 0.5 log CFU mL~! up to 30 days of storage of the
acerola nectar. On the other hand the bifidobacteria added to the
product in the form of free cells showed a reduction of 0.5 log
CFU mL~! in the first 5 days of storage. Thus encapsulation of the
probiotic culture was shown to be efficient in increasing the
viability of the culture in the acerola nectar, which presented a shelf
life of 30 days with respect to its functional allegation.

According to Saarela, Virkajarvi, Nohynek, et al., 2006, a
decrease of about 3 logarithmic cycles was observed in the count of
B. animalis subsp. lactis after the storage of commercial fruit juices
(orange, grape and passion fruit) with the addition of this culture
and stored at 4 °C for 6 weeks. The final probiotic counts in the
juices were about 4 log CFU mL~L. The culture used in the trial was
the same as that used in the present study, but it was not micro-
encapsulated, although a cryoprotector was added.

Champagne and Gardner (2008) evaluated the viability of nine
probiotic lactobacilli strains in a commercial fruit drink stored at
4 °C for up to 80 days. The results pointed to considerable
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variability in the stability between the different species and strains.
Data from that study also suggest that 35 days of storage (at 4 °C) of
the fruit drink would not affect the sensitivity of the probiotics to
bile or pancreatic enzymes.

The survival of Lactobacillus (Lactobacillus salivarius ssp. sali-
varius UCC118, L. salivarius ssp. salivarius UC500, Lactobacillus par-
acasei ssp. paracasei NFBC 4338, Lactobacillus rhamnosus GG,
L. rhamnosus GG, Lactobacillus casei DN-114 001) and B. animalis ssp
lactis Bb-12, in orange juice (0OJ), pineapple juice (P]) and cranberry
juice (CJ) was monitored by Sheehan et al. (2007). All the screened
strains survived longer in O] and P] as compared to CJ. Of the
evaluated strains, L. casei DN-114 001, L. rhamnosus GG and
L. paracasei NFBC 43338 displayed greater robustness, surviving at
levels above 107 CFU mL~! in O] and above 108 CFUmL"! in PJ, for at
least 12 weeks.

The survival of free and microencapsulated probiotic bacteria
in orange and apple juices, using eight different strains of pro-
biotic bacteria, was investigated by Ding and Shah (2008).
Encapsulated probiotic bacteria survived in the fruit juices
throughout six weeks of storage (>10° CFU mL™"), whereas free
probiotic bacteria lost their viability within five weeks (no viable
bacteria remaining).

Vinderola et al. (2002), studied the effect of natural fruit juices
(strawberry, peach, pineapple, kiwi and green apple) on the growth
of lactic acid starter and probiotic bacteria. Among the juices
assessed, strawberry showed the highest inhibition capacity, since
it inhibited strains of all the species used except for the L. casei
group strains. Lactobacillus acidophilus CNRZ was inhibited by
pineapple juice and kiwi juice.

The use of chitosan coated alginate beads for the survival of
microencapsulated Lactobacillus plantarum in pomegranate juice
was evaluated by Nualkaekul et al. (2012). The study indicated that
a multi-layer coating was more protective than a single coated
bead. After 6 weeks of storage in pomegranate juice at 4 °C the
probiotic viability was 5.7 log CFU mL~! and 6.6 log CFU mL™,
respectively, for single and double coated beads.

Orange juice fortified with probiotic cultures was subjected to
heat pasteurization at 76 °C for 30 s and at 90 °C for 1 min in
addition to high pressure treatment at 400 MPa for 5 min (Sheehan
et al.,, 2007). The results indicated that no strain was capable of
withstanding the treatments necessary to achieve a stable juice at
levels of >10° CFU mL™. As a consequence, the addition of cultures
post processing is necessary. The flex aseptic dosing machine
developed by Tetra Pak allows for the addition of probiotic cultures
to liquids just before they are filled into the cartons. This innovation
is expected to significantly boost the market for probiotic bever-
ages, which have so far been restricted by the delicate nature of the
ingredient (Prado et al., 2008).

100 ym

Fig. 3. Photomicrographs of the control acerola nectar (A) and of that with the addition of particles (B) containing microencapsulated B. animalis as indicated by the arrow (X400).
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Champagne and Gardner (2008), studying the storage stability
at 4 °C of 9 probiotic lactobacilli in a drink composed of 10 fruit and
dairy ingredients, observed that the pH of the juice samples
remained unchanged after 28 days of storage, indicating weak
metabolic activity of the probiotic lactobacilli at 4 °C.

In another work carried out by the same group (Champagne,
Raymond, & Gagnon, 2008), in which L. rhamnosus RO011 was
inoculated into an apple-pear-raspberry juice blend at
4.5 x 10° CFU per 250 mL portion, the pH of the samples varied
between 3.63 and 3.90. The inoculated juices showed pH readings
less than 0.1 unit lower than the non-inoculated juices, a difference
that was not statistically significant (P = 0.45). Therefore, the
presence of the lactobacilli did not affect the pH of the product.

In the present study, no significant decrease in pH and/or in-
crease in total titratable acidity was observed throughout the
refrigerated storage of the samples (5 + 1 °C), indicating that even
the free cells of the probiotic culture showed low metabolic activity.
On the other hand, Ding and Shah (2008), observed an average pH
decrease from 2.81 to 2.57 in orange juice containing free probiotic
bacteria after six weeks of storage, whereas the pH remained
almost the same in the orange juice containing encapsulated pro-
biotics after the complete storage period. When they evaluated
apple juice, the probiotic culture tested reduced the pH of the juice
regardless of whether it was in the free or encapsulated state.
However, at the end of six weeks storage the final pH of the apple
juice inoculated with encapsulated probiotic bacteria was higher
than that inoculated with free probiotic bacteria.

Sohail et al. (2012), investigated the effect of microencapsula-
tion on the survival of L. rhamnosus GG and L. acidophilus NCFM and
their acidification in orange juice. Encapsulation of these two
bacteria did not significantly enhance survivability. However, the
pH of orange juice containing encapsulated probiotics was signifi-
cantly higher than that of orange juice containing free probiotic
bacteria after 12 days of storage at 25 °C or after 35 days of storage
at4 °C.

L. paracasei 126 cultures encapsulated in alginate, chitosan-
coated alginate or dextran sulfate-coated alginate and added to
orange and peach juices were evaluated by Rodrigues et al. (2012).
Independent of the type of microcapsule, a ApH of between 0.44
and 0.48 was observed in peach juice and a variation of between
0.29 and 0.39 in orange juice.

5. Conclusion

The production of acerola nectar containing a culture of
B. animalis microencapsulated by spray drying is feasible, obtaining
a culture with viability within the values stipulated by the Brazilian
regulation for functional foods. Microencapsulation of the probiotic
culture improved its viability throughout cold storage of the
product for up to 30 days, as compared to the addition of freeze
dried free cells. The physicochemical characteristics of the samples
remained stable throughout storage up to 35 days, with the
exception of the color parameter (AE};), which presented a statis-
tically significant difference at the end of the storage period. Based
on the microbiological and physiochemical results, it was
concluded that the shelf life of the acerola nectar with added pre-
biotic and microencapsulated probiotic would be 30 days under
refrigerated storage at 5 + 1 °C.

To the best of our knowledge there are no previous studies that
elaborated fruit juice/nectar on a semi-industrial scale to evaluate
the addition of microencapsulated probiotic bacteria. The vast
majority of the studies found employed commercial samples of
juice/nectar, with the exception of one in which 1 L of a model juice
was elaborated (Shah, Ding, Fallourd, & Leyer, 2010), and another
which was obtained by pressing the peduncles of cashew apples

(Pereira et al., 2011). The present study presents the differential of
studying the application of microencapsulated probiotics and pre-
biotics to a matrix of acerola nectar processed on a semi-
industrialized scale in a standardized way. In this way the condi-
tions of industrialization are simulated better, obtaining a more
reliable result for the shelf life of the product. The study could be
applied in the food industry under the concept of healthfulness,
since it proposes a product that aggregates the benefits of pre and
probiotics in acerola nectar, which is one of the richest fruits in
vitamin C. However, simulated gastro-intestinal studies are rec-
ommended to truly evaluate the acerola nectar as an effective
vehicle to deliver B. animalis.

Acknowledgments

The authors wish to acknowledge the financial support (06/
60686-0) provided by the Fundagéio de Amparo a Pesquisa do Estado
de Sdo Paulo — FAPESP. They are also grateful for the collaboration of
the trainees, Lincoln Sales Gongalves, Jaqueline Borges Mendonga
and Andressa Reginato who took part in this work.

References

Anekella, K., & Orsat, V. (2013). Optimization of microencapsulation of probiotics in
raspberry juice by spray drying. LWT — Food Science and Technology, 50, 17—24.

ANVISA. (2003). Brazilian Agency of Sanitary Surveillance. In Resolug¢io RDC n°359, de
23 de dezembro de 2003. Regulamento Técnico de Por¢des de Alimentos Embalados
para Fins de Rotulagem Nutricional . Publicado no Diério Oficial da Unido em 26
de dezembro de 2003. [Online] (2010). http://www.anvisa.gov.br/legis/resol/
2003/rdc/359_03rdc.pdf.

ANVISA, Brazilian Agency of Sanitary Surveillance. (2002). Food with health claims,
new food/ingredients, bioactive compounds and probiotics. http://[www.anvisa.
gov.br/alimentos/comissoes/tecno_lista_alega.htm [Online].

Capela, P, Hay, T. K. C,, & Shah, N. P. (2007). Effect of homogenization on bead size
and survival of encapsulated probiotic bacteria. Food Research International, 40,
1261-1269.

Champagne, C. P, & Gardner, N. J. (2008). Effect of storage in a fruit drink on sub-
sequent survival of probiotic lactobacilli to gastro-intestinal stresses. Food
Research International, 41, 539—543.

Champagne, C. P, Raymond, Y., & Gagnon, R. (2008). Viability of Lactobacillus
rhamnosus RO011 in an apple-based fruit juice under simulated storage con-
ditions at the consumer level. Food Microbiology and Safety, 73, M221—-M226.

Cruz, A. G., Antunes, A. E. C,, Sousa, A. L. O. P, Faria, J. A. F, & Saad, S. M. L. (2009). Ice-
cream as a probiotic food carrier. Food Research International, 42, 1233—1239.

Dave, R. L, & Shah, N. P. (1997). Effectiveness of ascorbic acid as an oxygen scavenger
in improving viability of probiotic bacteria in yoghurts made with commercial
starter cultures. International Dairy Journal, 7, 435—443.

De Rosso, V. V., & Mercadante, A. Z. (2005). Carotenoid composition of two Brazilian
genotypes of acerola (Malpighia punicifolia L.) from two harvests. Food Research
International, 38, 1073—-1077.

Ding, W. K., & Shah, N. P. (2008). Survival of free and microencapsulated probiotic
bacteria in orange and apple juice. International Food Research Journal, 15,
219-232.

Doherty, S. B, Gee, V. L, Ross, R. P, Stanton, C., Fitzgerald, G. F.,, & Brodkorb, A.
(2011). Food Hydrocolloids, 25, 1604—1617.

FAO/WHO. (2001). Evaluations of health and nutritional properties of probiotics in
food including powder milk with live lactic acid bacteria (pp. 1-34). Cordoba,
Argentina: Food and Agriculture Organization of the United Nations and World
Health Organization. Expert Consultation Report.

Favaro-Trindade, C. S., & Grosso, C. R. F. (2002). Microencapsulation of L. acidophilus
(La-05) and B. lactis (Bb-12) and evaluation of their survival at the pH values of
the stomach and in bile. Journal of Microencapsulation, 19, 485—494.

Gibson, G. R., & Roberfroid, M. B. (1995). Dietary modulation o the human colonic
microflora: introducing the concept of prebiotics. Journal of Nutrition, 125,
1401-1412.

Granato, D., Branco, G. F, Nazzaro, F, Cruz, A. G., & Faria, J. A. F. (2010). Functional
foods and nondairy probiotic food development: trends, concepts, and prod-
ucts. Comprehensive Reviews in Food Science and Food Safety, 9, 292—302.

Kailasapathy, K. (2006). Survival of free and encapsulated probiotic bacteria and
their effect on the sensory properties of yoghurt. LWT — Food Science and
Technology, 39, 1221—1227.

Liserre, A. M., Ré, M. I, & Franco, B. D. G. M. (2007). Microencapsulation of Bifido-
bacterium animalis subsp. lactis in modified alginate-chitosan beads and eval-
uation of survival in simulated gastrointestinal conditions. Food Biotechnology,
21,1-16.

Luckow, T., & Delahunty, C. (2004a). Which juice is ‘healthier’? A consumer study of
probiotic non-dairy juice drinks. Food Quality Preference, 15, 751—-759.


http://www.anvisa.gov.br/legis/resol/2003/rdc/359_03rdc.pdf
http://www.anvisa.gov.br/legis/resol/2003/rdc/359_03rdc.pdf
http://www.anvisa.gov.br/alimentos/comissoes/tecno_lista_alega.htm
http://www.anvisa.gov.br/alimentos/comissoes/tecno_lista_alega.htm

A.E.C. Antunes et al. / LWT - Food Science and Technology 54 (2013) 125—131 131

Luckow, T., & Delahunty, C. (2004b). Consumer acceptance of orange juice con-
taining functional ingredients. Food Research International, 37, 805—814.

Maeda, Y., Yamamoto, M., Owada, K., Sato, S., & Masui, T. (1989). Simultaneous liquid
chromatographic determination of water-soluble vitamins, caffeine, and pre-
sevative in oral liquid tonics. Journal of the Association of Official Analytical
Chemists, 72, 244—247.

Mezadri, T, Villaio, D. Fernandez-Pachén, M. S., Garcia-Parrilla, M. C, &
Troncoso, A. M. (2008). Antioxidant compounds and antioxidant activity in
acerola (Malpighia emarginata DC.) fruits and derivatives. Journal of Food
Composition and Analysis, 21, 282—290.

Nualkaekul, S., & Charalampopoulos, D. (2011). Survival of Lactobacillus plantarum in
model solution and fruit juices. International Journal of Food Microbiology, 146,
111-117.

Nualkaekul, S., Lenton, D., Cook, M. T., Khutoryanskiy, V., & Charalampopoulos, D.(2012).
Chitosan coated alginate beads for the survival of microencapsulated Lactobacillus
plantarum in pomegranate juice. Carbohydrate Polymers, 90,1281—1287.

Pereira, A. L., Maciel, T. C., & Rodrigues, S. (2011). Probiotic beverage from cashew
apple juice fermented with Lactobacillus casei. Food Research International, 44,
1276—1283.

Prado, F. C,, Parada, ]. L., Pandey, A., & Soccol, C. R. (2008). Trends in non-dairy
probiotic beverages. Food Research International, 41, 111-123.

Ranadheera, R. D. C. S., Baines, S. K., & Adams, M. C. (2010). Importance of food in
probiotic efficacy. Food Research International, 43, 1-7.

Renuka, B., Kulkarni, S. G., Vijayanand, P, & Prapulla, S. G. (2009). Fructooligo-
saccharide fortification of selected fruit juice beverages: effect on the quality
characteristics. LWT — Food Science and Technology, 42, 1031—-1033.

Rivera-Espinoza, Y., & Gallardo-Navarro, Y. (2010). Non-dairy probiotic product.
Food Microbiology, 27, 1-11.

Rodrigues, D., Sousa, S., Gomes, A. M., Pintado, M. M,, Silva, ]. P, Costa, P, et al.
(2012). Storage stability of Lactobacillus paracasei as free cells or encapsulated
in alginate-based microcapsules in low pH fruit juices. Food Bioprocess Tech-
nology, 5, 2748—2757.

Saad, N., Delattre, C., Urdaci, M., Schmitter, J. M., & Bressolier, P. (2013). An overview
of the last advances in probiotic and prebiotic field. LWT — Food Science and
Technology, 50, 1-16.

Saarela, M., Alakomi, H. L., Mdttd, 1., Ahonen, A. M., Puhakka, A., & Tynkkynen, S.
(2011). Improving the storage stability of Bifidobacterium breve in low pH fruit
juice. International Journal of Food Microbiology, 149, 106—110.

Saarela, M., Virkajdrvi, 1., Alakomi, H. L., Sigvart-Mattila, P., & Maittd, ]. (2006). Sta-
bility and functionality of freeze-dried probiotic Bifidobacterium cells during
storage in juice and milk. International Dairy Journal, 16, 1477—1482.

Saarela, M., Virkajarvi, ., Nohynek, L., Vaari, A., & Mdttd, J. (2006). Fibres as carriers
of Lactobacillus rhamnosus during freeze-drying and storage in apple juice and
chocolate-coated breakfast cereals. International Journal of Food Microbiology,
112,171-178.

Santo, A. P. E., Perego, P,, Converti, A., & Oliveira, M. N. (2011). Influence of food
matrices on probiotic viability A review focusing on the fruity bases. Trends
Food Science and Technology, 111, 377—385.

Shah, N. P, Ding, W. K,, Fallourd, M. J., & Leyer, G. (2010). Improving the stability of
probiotic bacteria in model fruit juices using vitamins and antioxidants. Journal
of Food Science, 75, M278—M282.

Sheehan, V. M., Ross, P.,, & Fitzgerald, G. F. (2007). Assessing the acid toler-
ance and the technological robustness of probiotic cultures for fortifica-
tions in fruit juices. Innovation Food Science and Emerging Technologies, 8,
279-284.

Sohail, A., Turner, M. S., Prabawati, E. K., Coombes, A. G. A., & Bhandari, B. (2012).
Evaluation of Lactobacillus rhamnosus GG and Lactobacillus acidophilus NCFM
encapsulated using a novel impinging aerosol method in fruit food products.
International Journal of Food Microbiology, 157, 162—166.

Statsoft Inc.. (2000). Statistics (version 5.5): A comprehensive system for statistics,
graphics and application development. Tulsa: Statsoft Inc.

Vinderola, C. G., Costa, G. A,, Regenhardt, S., & Reinheimer, ]. A. (2002). Influence of
compounds associated with fermented dairy products on the growth of lactic
acid starter and probiotic bactéria. International Dairy Journal, 12, 579—589.



	Acerola nectar with added microencapsulated probiotic
	1. Introduction
	2. Material and methods
	2.1. Microencapsulation of the probiotic bacteria by spray drying
	2.2. Characterization of the acerola pulp
	2.3. Processing of the acerola nectar
	2.4. Bifidobacterium animalis count
	2.5. Determination of yeasts and molds
	2.6. Total aerobic psychrotrophic microbial count
	2.7. Physical and chemical analyses
	2.8. Color analysis
	2.9. Optical microscopy of the microencapsulated particles
	2.10. Analysis of the results

	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgments
	References


