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Abstract
Lactobacillus rhamnosus GG (L. rhamnosus GG) cells were encapsulated in buttermilk proteins by spray drying, alone (E), or
with Agave tequilana fructans (CEF). Buttermilk proteins acted as a thermo-protector for the probiotic cells undergoing the
spray-dried process. The addition of Agave fructans in CEFmicrocapsules significantly enhanced storage stability and survival to
in vitro simulated gastrointestinal conditions, compared to E capsules. After 14 days storage at − 20 °C, the number of living cells
in CEFmicrocapsules was in the order of 7.7 log CFU •mL−1 and the survivability in simulated gastrointestinal environment was
73.23%. Spray-dried microparticles were cultured in goat milk to study biomass production. Agave fructans offered a favorable
microenvironment and better growth substrate. The population of CEF viable cells reached 1.08 ± 0.02 × 1010 CFU •mL−1 after
18 h of fermentation. In contrast, the population of E viable cells were 3.0 ± 0.01 × 109 CFU •mL−1. The generation time of CEF,
L. rhamnosus GG was 15% faster than E, L. rhamnosus GG. Encapsulation with buttermilk proteins in the presence of Agave
fructans by spray drying could be suitable for preservation of probiotic powders and may be for a more effective application of
probiotics in goat dairy products.
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Introduction

Several studies have shown that goat milk is an excellent
culture medium for probiotics such as Bifidobacterium lactis
and Lactobacillus acidophilus [1]. Furthermore, owing to its
high digestibility, tolerance by allergic individuals and other
properties, goat milk can provide a commercial alternative to
cow milk products supplemented with probiotics [2].
Therefore, the use of goat milk in combination with probiotic
strains may represent an option for the manufacture of new
functional dairy foods [3].

The growth of probiotics can be enhanced by the inclusion of
prebiotics such as inulin or fructooligosaccharides (FOS) in the
media [4]. In this context, branched-type fructans of Agave
tequilana could be a good alternative instead linear-type fructans
like inulin [5]. In addition, many probiotics require protection to
retain their properties. Encapsulation can protect bacterial cells
against adverse conditions including low pH, oxygen toxicity
and high temperatures [4] and allow dairy food products to be-
come effective carriers of beneficial microorganisms [6].

Spray drying has been extensively investigated as an alterna-
tive encapsulation method to produce probiotic cultures [7].
However, one disadvantage of this method is the use of high
temperatures, which causes sub-lethal cell damage that diminishes
the survival of bacteria. In addition, significant inactivation of
probiotic cells can occur during subsequent storage [6].To im-
prove probiotic survival, protein matrices used for encapsulation
of probiotics can be stabilised by chemical cross-linking either
with enzymes, such as transglutaminase or genipin [8], or chem-
ically via a Maillard reaction [9]. Bifidobacterium infantis encap-
sulated by spray drying in an oil in water (o/w) emulsion followed
by a Maillard reaction showed a significant improvement in sur-
vival and viability during storage and low-pH challenge [9].
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Milk proteins have shown good encapsulation performance
due to their structural and physicochemical properties that
provide resistance for the bacteria from external stresses. In
addition, these proteins allow the diffusion of bacterial metab-
olites out of and flow of nutrients into encapsulated structures
[7, 10]. Buttermilk is a co-product from butter manufacture,
particularly rich in casein and whey milk proteins, that could
find application as encapsulation matrix.

In the present study, the survival and the growth kinetics of
L. rhamnosus GG encapsulated and co-encapsulated with
Agave tequilana fructans in a buttermilk protein matrix were
evaluated in a milk goat medium.

Materials and Methods

Materials

Agave tequilana fructans, fructose-based polymers, were ob-
tained from Extrusiones Home S. de R.L de C.V.
(Guadalajara, Jalisco,México). Canola vegetable oil was from
Alimentos Capullo, S. de R. L. de C.V. (Santa Fe, D.F,
México). Glucose syrup was purchased from ACH Food
Companies Inc. (México). Buttermilk protein powder was do-
nated from the Dairy Products Technology Center of
California Polytechnic State University (St. Louis Obispo,
CA). All other reagents were from Sigma (St. Louis, MO)
unless stated otherwise.

Bacterial Strain and Growth Conditions

L. rhamnosusGGAmerican Type Culture Collection (ATCC)
53103 was obtained in a freeze-dried form (ATCC, Manassas,
VA, USA). Bacteria were transferred twice in de Man Rogosa
and Sharp broth (Difco, NJ, USA) supplemented with 0.5%
cysteine hydrochloride (MRS-cys) at 37 °C. Culture cells
were harvested in the stationary growth phase by centrifuga-
tion at 2600×g for 15 min at 4 °C, washed twice with physi-
ological saline solution and suspended in 0.1% peptone water.
The inoculum obtained was used for free-suspended cells and
for encapsulation.

Goat Milk Samples

Six samples of raw goat milk were obtained from four local
dairy farms at Comarca Lagunera, Coahuila, Mexico, that
have established a program of good handling practices in milk
collection, as determined by the Ministry of Agriculture,
Livestock, Rural Development, Fisheries and Food of
Mexico [11].The milk was from healthy animals (< 450,000
somatic cells mL−1) that had not received antibiotics or other
drug treatments at least 45 days before the study.

Samples were transported in closed containers at 4 °C.
Once at the laboratory, the samples were analysed for chemi-
cal composition and used for growth experiments with
L. rhamnosus GG.

L. rhamnosus GG Encapsulation and Co-encapsulation
with A. tequilana fructans

Bacteria were microencapsulated according to Crittenden
et al. [9], with minor modifications. Briefly, oil-in-water emul-
sions were prepared, containing canola vegetable oil, whey
cream buttermilk proteins and glucose syrup. Similar condi-
tions were used when including A. tequilana fructans. The
emulsions were heated to 80 °C for 30 min to promote
Maillard reaction products and improve milk protein matrix
stabilisation by crosslinking it with the added glucose.
Mixtures were cooled to 20 °C before addition of probiotic
bacteria (suspended in phosphate buffer (0.1M, pH 7.2, PBS).
For encapsulation, the emulsions were spray dried using an
SD-Basic (SDB 12090082, Keison Products, Oregon, USA)
laboratory scale spray dryer with an inlet temperature of
160 °C and an outlet of 75 °C. The final encapsulating formu-
lation (wt/wt) was as follows: 32% oil, 20% whey buttermilk
proteins, 20% A. tequilana fructans, 20% glucose syrup and
2.8 × 108 CFU g−1 of bacteria. Three independent batches of
CEF or E microcapsules (with or without Agave fructans)
were prepared.

Examination of Microcapsules

Microcapsules were subjected to particulate analysis using an
Olympus BH2-RFCA microscope (Tokyo, Japan) attached to
a Leica DFC100 camera image capture system (Heerbrugg,
Switzerland). Before imaging, the microcapsules were placed
in PBS and hydrated for 15 min. The diameters of 1000 arbi-
trarily chosen microcapsules were measured using Leica
IM500 imaging software (Wetzlar, Germany). The mean di-
ameters of microcapsules were calculated and are presented
with standard deviations. The measurements for each treat-
ment (microcapsules with and without fructans) were per-
formed in duplicate.

Scanning electron microscopy (SEM) was used to examine
the shape and surface morphology of microcapsules. Samples
were sent to the Electron Microscopy Lab at Centro de
Investigación en Química Aplicada in Coahuila, Mexico.
The microcapsules were placed on a conductive carbon film,
coated by sputtering with an Au-Pd alloy and observed using
an FEI Quanta 200 3D scanning electron microscope in low
vacuum mode (5 Pa) at an accelerating voltage range of 5 kV.

Survival Assays and Cell Growth in Batch
Fermentation

Spray-dried CEF or E microcapsules were stored for 14 days
at − 20 °C before survival and fermentation assays.
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Inoculum Preparation

Initial experiments were performed to determine the inoculum
necessary to begin survival and fermentation assays with com-
parable numbers of cultivable cells. Twenty-five millilitres of
sterile MRS-cys broth was inoculated individually with differ-
ent quantities (0.5, 1, 1.5 g) of CEF or E microcapsules and
incubated at 37 °C for 24 h. The cultures were then serially
diluted to obtain 1 × 109 CFU • g−1 cells as determined by
plate counts.

Survival of L. rhamnosus GG After Spray-Dried and Storage
Conditions

The log cell number of viable cells released from the CEF and
E microcapsules at 0 (after spray dried), 7 and 14 days of
storage was evaluated agreeing to the standard plate method.
The entrapped bacteria were released from microcapsules ac-
cording to the method described by Fritzen-Freire et al. [12].
The results were expressed as the means of log colony
forming units per millilitre (log CFU • mL−1) from three in-
dependent experiments with two replicates.

Survival in Simulated Gastrointestinal Conditions (SGIC)

The in vitro resistant to gastrointestinal conditions was con-
ducted according to Doleyres et al. [13] with modifications.
Briefly, a solution of 0.5% NaCl-0.3% pepsin, adjusted to pH
1.8, was used to simulate gastric conditions (GC). The encap-
sulated (CEF or E) bacteria (1 g of spray-dried powder) were
added independently in prepared solution and incubated
90 min at 37 °C. After incubation, the cells were removed
for survival assay and placed in sterile simulated intestinal
juice (0.4% bile salts-0.2% pancreatin-0.2% bovine pancreas
trypsin suspended in 0.05 M KH2PO4, pH 6. 5). The micro-
organisms were counted after 30 for GC and 180 min for
intestinal conditions (IC). The survival of probiotics was
assayed by plate count, and the results expressed as the means
of log CFU • g−1 from three independent experiments with
two replicates.

Fermentation Assays

Fermentation assays were performed in a 3-L bioreactor (ADI
1025; Applikon Biotechnology B.V., Schiedam, NL) with
900 mL of pasteurised goat milk. Prior to use, the bioreactor
was sterilised at 121 °C for 15min. The systemwasmonitored
using the BioXpert R software (Applikon Biotechnology
B.V., Schiedam, UK). CEF L. rhamnosus GG was inoculated
at a bacterial concentration of 2.8 × 108 CFU • g−1. Samples
(30 mL) were taken every 2 h for cell enumeration and pH and
lactic acid determination. The fermentation was performed
three times with the same volume of capsules containing a

similar number of cells. Experiments were conducted for three
independently prepared batches of microcapsules. Similar ex-
periments were conducted with E L. rhamnosus GG encapsu-
lated without Agave fructans.

The maximum specific growth rate (μmax) was calculated
for each treatment during the exponential growth phase ac-
cording to Oliveira et al. [14], using the equation:

μmax ¼ 1=t2−t1ð Þ ln X 2=X 1ð Þ
where X2 and X1 are counts (CFU mL−1) at time t2 and t1 (h).
The generation time (tg) was calculated for each culture from
the corresponding value of μmax by the equation:

tg ¼ ln2=μmax

Themaximum acidification rate (Vm)was calculated from the
pH curves as the time variation of pH (dpH/dt) and expressed in
absolute values as 10–3 pH units min −1 [15]. The following
kinetic parameters were also calculated: tmax (h), the time at
which Vm was reached; tpH5.0 (h), the time to reach pH 5.0; and
tpH4.5 (h), the time to complete the fermentation [14].

Cell Counts and Lactic Acid Determination

One millilitre of each fermented goat milk sample was indi-
vidually diluted with 9 mL of sterile 0.1% (w/v) peptone water
(Difco, NY, USA) and mixed uniformly with a vortex mixer.
Serial dilutions were prepared, and the number of viable cells
enumerated by plate counting as described above. Cell con-
centration was expressed as CFU mL−1 of fermentation medi-
um. The results are expressed as the means from three inde-
pendent experiments with two replicates. Lactic acid was de-
termined according to Horwitz and Latimer [16].

Experiments were conducted in triplicate.

Statistical Analysis

The bacterial counts were converted into logarithms of the
number of colony forming units per mL (log CFU • mL−1)
for statistical analysis. The means were compared using anal-
ysis of variance (ANOVA) followed by the Tukey test to de-
termine a difference among means at the 95% confidence
level (significance level at P < 0.05).

Results and Discussion

Size and Shape of Microcapsules

Probiotic encapsulation technology has the potential to protect
cells against adverse conditions including low pH, oxygen
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toxicity and high temperatures [4, 6]. Various elements should
be considered when designing microcapsules to obtain suc-
cessful products. The size of microcapsules has a significant
effect on probiotic viability and organoleptic properties of the
carrier food [4]. Particle sizes smaller than 100 μm in diameter
allow the direct addition of encapsulated probiotic to dairy
foods [17]. On the other hand, diameters larger than 40 μm
increase the likeliness of a protective effect [6].

The size of the spray-dried CEF microcapsules was 52.4 ±
10.8 μm, which is acceptable to effectively protect bacteria
against environment stresses and gastrointestinal conditions
[18]. In addition, to avoid negative mouth sensory effects
and product texture, it is desirable to obtain microparticles
with diameters less than 80 μm [19]. There was no significant
reduction (P > 0.05) in diameter size (51.5 ± 9.8) when
L. rhamnosus GG was encapsulated without Agave fructans
in E microcapsules.

SEM data showed an absence of free bacteria on the exte-
rior of the capsules. Particles were amorphous and rough-sur-
faced, with indentations in microcapsules both with and with-
out Agave fructans (Fig. 1a, b). Indentations can be attributed
to the shrinkage of the atomised particles during the drying
process and to the rapid evaporation of the liquid drops [20].
Amorphous microparticles with indentations produce nega-
tive sensory perception at smaller sizes than smooth micropar-
ticles do [21]. However, perception of grittiness decreases
with increasing hydration of particles [22]. In addition, milk
proteins have demonstrated effective aqueous lubrication
when used as matrix of encapsulation [23].

Viability of Encapsulated L. rhamnosus GG

The microbial reduction of L. rhamnosus GG encapsulated in
CEF or Emicrocapsules after the spray drying process and after 7
and 14 days of storage at − 20 °C is presented in Fig. 2. Co-
encapsulation with Agave fructans did not improve the probiotic
survival after drying (P > 0.05). Total counts of CEF and E,
L. rhamnosus GG ranged from 7.7 to 7.9 log CFU mL−1, which
represents a reduction of approximately 13% of the viability with
respect to the initial solution. This fact suggests that buttermilk
proteins maybe acted as a thermo-protector for the probiotic cells
undergoing the spray-dried process.

Mixtures of casein and whey proteins have shown the best
encapsulation material and most enhanced the survival of
probiotics (99%) when encapsulated by rennet-induced gela-
tion [24]. Therefore, milk co-products, such as regular butter-
milk, that are rich in caseins (75% of the total proteins) and
also contain 8–15% of whey proteins [25], could be used
directly for probiotic encapsulation by different techniques.

Agave fructans significantly enhanced storage stability of
spray-dried CEF encapsulated L. rhamnosus GG compared to
E encapsulated L. rhamnosus GG (Fig. 2). After 14 days stor-
age, the number of living cells in CEFmicrocapsules was in the

order of 7.7 log CFU • mL−1. In contrast, the final number of
L. rhamnosus GG in E microcapsules was 7.3 log CFU mL−1.
Co-encapsulation of probiotics with fructans from chicory root
has previously been studied for improving the survival of lac-
tobacillus and bifidobacteria during the storage at low temper-
atures [26].

The reduction of cell death in the presence of this carbohy-
drate was attributed to its cryoprotectant effect. Ying et al. [27]
attributed a similar behavior to the combination of glucose and
chicory inulin. In the present work, glucose was integrated into
the formulation in order to increase milk protein matrix
stabilisation through theMaillard reaction. ThisMaillard reaction
method also showed a significant improvement in survival of
encapsulated Bifidobacterium infantis during storage [9].

Fig. 1 Scanning electron micrograph of spray dried Lactobacillus
rhamnosus GG encapsulated with (CEF) or without (E) Agave fructans
in a buttermilk matrix (a) CEF microcapsules and (b) E microcapsules
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As far as we know, there are no reports that compare the
effect of inulin (linear moiety) vs Agave fructans (branched
moiety) in probiotic survival during storage. However, other
studies report that chicory FOS and Agave fructans show a
higher water adsorption capacity than chicory inulin does [28,
29]. Molecular weight, type and proportions of microencap-
sulating materials as well as residual moisture and water ac-
tivity of the microcapsules and bacteria strain are factors that
affect the survival of probiotics during storage in dry condi-
tions [30, 31]. Thus, each of this factors must be optimised in
order to improve the shelf-life of encapsulated probiotics. For
example, Rajam and Anandharamakrishnan [32] observed
that the highly hygroscopic capacity of FOS limit the use of
this prebiotic as encapsulating matrix for spray-dried powders
containing L. plantarum. However, combination of FOS with
denatured whey proteins (1:1.5 ratio) significantly increased
the microcapsules stability and the survival of L. plantarum
during storage conditions.

Figure 3(a) shows the viability CEF and E encapsulated
L. rhamnosus GG in a simulated gastric juice. Cell counts
decreased approximately 2 log units in both treatments.
When bacteria were transferred to intestinal conditions
(180 min, 37 °C, Fig. 3(b) after GC treatment, the number of
living bacteria cells dropped, for E encapsulated L. rhamnosus
GG (5.21 ± 0.05 CFU log g−1). On the contrary, viable num-
bers of CEF encapsulated L. rhamnosus GG with Agave
fructans reaching counts of 5.79 ± 0.08 CFU log g−1 which
represent a survival of approximately 83%. A probiotic sur-
vival rate of 99% was obtained by Burgain et al. [24] when
encapsulated probiotics using a mixture of casein and whey
proteins by rennet-induced gelation without the addition of
Agave fructans. However, the spray-dried technique could be

an alternative approach because of scale-up benefits. This
study showed that co-encapsulation with Agave fructans sig-
nificantly improved the L. rhamnosus GG survival in spray-
dried beads during in vitro gastrointestinal-simulated condi-
tions. These beads would be likely to keep live bacteria to
meet the requirements for potential health benefits.

Mixtures of other prebiotics like chicory FOS, galacto-
oligosaccharides (GOS) or maltodextrins with whey proteins
have shown a positive effect on the probiotic survival after
spray drying [32, 33]. This protective effect was attributed to
an increase in the microcapsules wall material concentration

Fig. 3 Survivability of Lactobacillus rhamnosus GG encapsulated with
(CEF) or without (E) Agave fructans in a buttermilk matrix, after each
step of in vitro gastrointestinal simulated conditions. (a), gastric juice (b),
intestinal juice. The data represent the means of three replicates ± standard
deviation. Different letters (a, b) indicate significantly different values
according to the Tukey–Kramer test (P < 0.05)

Fig. 2 Survivability of
Lactobacillus rhamnosus GG
encapsulated with (CEF) or with-
out (E) Agave fructans in a but-
termilk matrix, after storage at −
20 °C. The data represent the
means of three replicates ± stan-
dard deviation. Different letters
(a, b) indicate significantly differ-
ent values according to the
Tukey–Kramer test (P < 0.05)
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[32]. In contrast, addition of chicory inulin or polydextrose to
sweet whey encapsulating formulation decrease the survival
of Bifidobacterium BB-12 after exposure to SGIC [34].

Cell Growth in Batch Fermentation

Growth profiles in goat milk of L. rhamnosusGG encapsulat-
ed in CEF and E microcapsules were compared after 14 days
of storage at − 20 °C (Fig. 4(a). No significant lag-phase was
observed in cell cultures from CEF, while growth curves for E
showed lag phases of 4 h. After 18 h, the CEF cell culture in
goat milk contained 1.08 ± 0.02 × 1010 CFU • mL−1 of
L. rhamnosus GG, while E encapsulated L. rhamnosus GG
reached 3 ± 0.01 × 109 CFU • mL−1. Thus, it appears that
Agave fructans stimulated the growth of probiotic.

Linear moiety chicory inulin was successfully employed
by other facultative heterofermentative probiotics like
L. paracasei 8700:2 and L. rhamnosus LBA as sole or addi-
tional energy source Oliveira et al. [14]. The growth stimula-
tion of L. rhamnosus GG founded in this study suggest that

these bacteria expresses some fructofuranosidase enzyme
which can partially hydrolyse the branched Agave fructans,
using the fructose released as an additional carbon source.
However, additional studies are necessary to confirm this
hypothesis.

Figure 4(b) shows changes in pH during the fermentation
of goat milk samples with different treatments. The results
showed a slow acidification profile, perhaps due to the buff-
ering capacity of proteins and minerals present in the goat
milk [35]. The pH dropped from the initial 6.5 to 4.5, after
18 h of fermentation. Comparable slow acidification profiles
were observed when goat milk was inoculated with pure cul-
tures of L. acidophilus [36].

The kinetic parameters of goat milk acidification by CEF
and E encapsulated L. rhamnosus GG are listed in Table 1.
Maximum rate of acidification (Vm) was 15% higher
(P < 0.05) in cultures inoculated with CEFmicrocapsules than
in those inoculated with E microcapsules. These data support
the prebiotic activity of Agave fructans. Additionally, the time
to reach the maximum cell concentration (Tg) was shorter for
CEF encapsulated cells (0.39 h) than E encapsulated cells
(0.46 h). For both cultures, the time to reach the maximum
acidification rate (tm) was 10 h.

Interestingly, bacterial populations from both CEF and E
microcapsules maintained their viability and continued to pro-
duce lactic acid until the end of the experiment (Fig. 4b). This
behavior might be explained by a higher local pH value inside
the capsule caused by the buffering capacity of the buttermilk
protein matrix [37]. In addition, the buttermilk proteins used
as the encapsulation matrix might allow the formation of mi-
crocapsules with a high-density network. It is important to
note that the protein networks were cross-linked by a
Maillard reaction and appeared to offer an adequate micro-
environment for the encapsulated L. rhamnosus GG either
with or without the presence of Agave fructans.

Fig. 4 Time courses of encapsulated Lactobacillus rhamnosus GG with
(CEF) and without (E) Agave fructans in goat milk. (a) Growth kinetics
and (b) pH depletion and lactic acid formation. The data represent the
means of three replicates ± standard deviation. Different letters (a, b)
indicate significantly different values according to the Tukey–Kramer test
(P < 0.05)

Table 1 Kinetic parameters of goat milk fermented by L. rhamnosus
GG cells that were encapsulated with (CEF) and without (E) Agave
fructans in a buttermilk matrix

Parameter CEF L. rhamnosus
GG

E L. rhamnosus
GG

Vmax (10
−3 pH units • min−1) 6.7a 5.8b

tm (h) 10.0a 10.0a

tpH5.0 (h) 13.0b 13.3b

tpH4.5 (h) 16.9b 17.0b

μmax (CFU • mL−1 h−1) 1.75a 1.51b

tg (h) 0.39a 0.46b

Vmax, maximum rate of acidification; tm, time to reach Vmax; tpH5.0, time
to reach pH 5.0; tpH4.5, time to complete the fermentation (pH 4.5); Tg,
generation time; μmax, maximum specific growth rate. Different letters in
the same row indicate statistically significant differences (P < 0.05) with
respect to the mean values of triplicate runs

Probiotics & Antimicro. Prot. (2019) 11:1340–1347 1345



Conclusion

Spray drying is a simple, economic and easy to scale-up pro-
cess and uses equipment that is readily available for the food
industry. Despite these advantages, significant inactivation of
probiotic cells can occur during the spray drying and subse-
quent storage [6]. Stress caused by dehydration mainly affects
the fluidity of the cytoplasmic membrane. However, cellular
damage to probiotics may be reduced and viability preserved
by the incorporation of appropriate carriers into the drying
medium [9]. The present study indicates that buttermilk pro-
teins provided cellular protection through drying.
Furthermore, co-encapsulation using Agave fructans, im-
proved the probiotic viability during storage, protected the
cells from acidic stress and offered a favorable microenviron-
ment and better growth substrate. Under these conditions, en-
capsulation by spray drying could be suitable for preservation
of probiotic powders and may be for a more effective appli-
cation of probiotics in goat dairy products.
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