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Abstract: This study explores the production of prebiotic xylooligosaccharide (XOS) from cassava
pulp waste and its effectiveness for the growth of Lactobacillus acidophilus (L. acidophilus). We success-
fully produced and characterized XOS from cassava pulp xylan using a Bacillus sp. endo-β-1,4-D-
xylanase. The XOS was added to modify the MRS medium (MRSm) in various concentrations (0, 1, 3
and 5%) in which the L. acidophilus was inoculated. The growth of L. acidophilus was observed every
12 h for 2 days, and the fermentation products were analyzed for pH, sugar content, and short-chain
fatty acids (SCFA) in terms of types and amount. The study showed that L. acidophilus grew well
in MRSm. The optimum XOS concentration in MRSm was 5%, indicated by the highest growth of
L. acidophilus (8.61 log CFU mL−1). The profile of SCFA products is 14.42 mM acetic acid, 0.25 mM
propionic acid, 0.13 mM isobutyric acid, 0.41 mM n-butyric acid, 0.02 mM n-valeric acid, 0.25 mM
isovaleric acid, and 25.08 mM lactic acid.

Keywords: optimization of growth; enzyme production; media composition; xylooligosaccharide

1. Introduction

The adult human digestive tract contains more than 500 different bacterial species,
which play an important role in colon function [1]. These beneficial bacteria can support
and benefit the host’s health by helping to digest complex carbohydrates and maintaining
the balance between various types of intestinal bacteria [2–4], especially pathogens. They
also produce vitamins, short chains of fatty acids (SCFA), and other nutrients for their
host, providing up to 15% of total daily caloric intake. It has been reported that a balanced
microflora is essential for bowel function, including resistance to infection by pathogens [5].
Prebiotics are defined as “undigested food ingredients that affect the host by stimulating
selective growth and activity of one or a limited number of beneficial bacteria in the
large intestine, thereby improving host healthiness” [6,7]. Many studies have confirmed
that merging prebiotics with food is a good approach to altering colon microflora [7,8].
Accordingly, popular interest in human gut microbes has increased, followed by an interest
in improving host health through dietary intervention influencing the gut microbiome,
particularly using “non-digestible oligosaccharides” (NDOs) as prebiotics.

NDOs, by definition, belong to the broad category of dietary fiber, which is not
digested or absorbed in the small intestine of humans, but might be completely or partially
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fermented in the large intestine. Besides their prebiotic effects, NDOs are believed to relieve
symptoms of diseases such as diabetes, arteriosclerosis, and colon cancer [9,10]. Many
positive health effects are related to microbial fermentation of NDOs in the large intestine.
The fermentation rate of NDOs depends on the nature of the substrate.

Bifidobacteria and Lactobacilli, essential and beneficial microbes that inhabit the hu-
man gut, are common target species for food intervention studies [11]. Bacterial enzymes
will ferment NDO to produce short-chain fatty acids (SCFA), including acetate, propionate,
and butyrate. These molecules represent the major flow of carbon from the diet through
the microbiome to the host and contribute to the acidification of the intestine [10]. Acid-
ification influences bacterial species’ balance, metabolic activity, and product formation.
For example, acetate is mainly metabolized in human muscles, the kidneys, the heart, and
the brain, while propionate is a possible gluconeogenic precursor suppressing cholesterol
synthesis [12]. In addition, butyrate is known to have anti-proliferation and anti-angiogenic
effects in colonocytes [13].

NDO can be formed not only by acidic hydrolysis of polysaccharides resulting in
non-specific oligosaccharides, but also by using enzymes to produce specific ones. For
example, xylan can be hydrolyzed enzymatically by endo-β-1,4-D-xylanase to produce
prebiotic xylooligosaccharide (XOS), including xylotriose (X3), xylotetraose (X4), xylopen-
taose (X5) and small amounts of xylose (X1) [14,15]. XOS has a degree of polymerization
(DP) between 2 and 10, and is applicable to stimulate the growth of probiotic bacteria in
the intestine, such as Bifidobacteria and Lactobacilli [16–18]. Besides prebiotic effects, XOS
stimulates antioxidant activity [19]. This is important because XOS supports the prevention
of digestive diseases such as colorectal cancer, Crohn’s disease, and ulcerative colitis [20–22].
Several studies have discovered the production of XOS from various biomass sources, such
as corn hull, garlic bagasse, and cassava peel [16,23,24]. The potential market for XOS
application mainly corresponds to ingredients for functional and healthy foods, such as
combinations with milk, soft drinks, etc. [25]

The consumption of oligosaccharides in foods will maintain the symbiotic relationship
between Lactobacillus sp. and the host [20,26,27] As such, the production of XOS by utilizing
beneficial bacteria is currently under scrutiny in the academic community. In these trials,
lactic acid bacteria, such as Bifidobacterium sp., and Lactobacillus sp., are commonly used.
For example, Rycroft et al. [28] conducted research using fructooligosaccharide (FOS),
Inulin, XOS, lactulose, isomalto-oligosaccharides (IMO), galactooligosaccharides (GOS),
and soybean oligosaccharides (SOS) using several probiotics, one of which is Lactobacillus sp.
Like other analogous probiotics, Lactobacillus can inhibit the growth of pathogenic bacteria,
increase body immunity, and yield anticarcinogenic effects in the human intestine. For
example, Ooi and Liong [29] reduced cholesterol levels by 22.6% using L. acidophilus. In
addition, Probiotic L. acidophilus can inhibit the growth of C. Albicans in the mouth because
it can produce short-chain fatty acids and bacteriocins [30]. On the other hand, the probiotic
effect of xylooligosaccharide has been studied less compared to fructooligosaccharide (FOS)
and galactooligosaccharides (GOS) [31].

Probiotic intervention shows great promise in supporting human health. Therefore,
various methods have been employed to cultivate the production of specific probiotics.
Here, we focus on providing the appropriate raw materials for the cultivation of these
probiotics with a particular emphasis on exploring alternative ways to utilize agricultural
wastes from the tapioca production industry in Indonesia. Like many other food production
processes, this production results in tremendous waste: The production of 250–300 tons of
tapioca results in approximately 280 tons of pulp and 1.6 tons of peel as by-products [32].
As such, this study explores how cassava pulp and peel can be utilized to stimulate
probiotic growth.

Cassava pulp contains (w/w%) 36.6% cellulose, 21.3% hemicellulose, 17.3% lignin, 2.4%
protein, and 7.0% ash [33]. Hemicellulose of cassava pulp is a good source of xylan, which
is estimated to contain 6.23% of xylan from cassava pulp, using 10% NaOH extraction [15].
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Cassava pulp xylan can be hydrolyzed enzymatically to produce prebiotic XOS. There are
no detailed reports concerning the production of XOS from cassava pulp waste.

Previously, we isolated endo-β-1,4-D-xylanase from a Bacillus sp. isolated from the
soil termite abdomen, potentially a hydrolytic enzyme for xylan [15,34] In this research, we
wanted to analyze the potential enzyme for cassava pulp, and XOS compounds obtained
from cassava pulp were produced by enzymatic hydrolysis using endo-β-1,4-D-xylanase.
Specifically, we tried to examine the feasibility of XOS cassava pulp as a prebiotic for the
cultivation of the probiotic L. acidophilus. The growth of L. acidophilus was examined in
various XOS concentrations added to the MRS modification medium. Observations also
included pH, sugar content, and the profile of SCFA being produced.

2. Materials and Methods
2.1. Materials

Cassava pulp was obtained from a home industry of a cassava mill in the Jember area.
The pulp was dried in an oven at 65 ◦C, ground, and sieved (200 mesh). The powder was
extracted for its xylan content. Then, the xylan was stored in containers at room temperature.
Endo-β-1,4-D-xylanase was produced by Bacillus sp. isolated from soil termites’ abdomen
and purified by Ni-NTA chromatography [34]. L. acidophilus was purchased commercially
from Institut Pertanian Bogor (IPB), Indonesia. The protein content in crude enzyme was
determined by the Bradford method [35] using BSA (bovine serum albumin) as a standard.
At the same time, the Miller method measured the activity by determining reduction in
sugars by DNS (dinitrosalicylic acid). The probiotics and media used were L. acidophilus
(pure culture) and MRSB (Merck). All reagents and chemicals used in this study were of
analytical grade (Merck, Sigma). The standard XOS, xylose (X1), xylobiose (X2), xylotriose
(X3), xylotetraose (X4), and xylopentaose (X5), were obtained from Megazyme, Ireland.
Silica Gel 60 F254 TLC plate was obtained from Merck, Germany. Dialysis tubes were
obtained from Elkay.

2.2. Production of XOS from Cassava Pulp

Cassava pulp xylan solution 1.1% (w/v) was used as the substrate. Endo-β-1,4-D-
xylanase enzyme was added at a ratio of 1:1. Endo-β-1,4-D-xylanase has a specific activity of
31.30 U/mg and total protein content of 0.454 mg. The mixture was then incubated at 40 ◦C
for 16 h and then centrifuged at 7826× g for 10 min at 4 ◦C. Negative control was prepared
by the same method as described before by using an inactivated endo-β-1,4-D-xylanase
(heated at 100 ◦C) [15].

2.3. Analysis of XOS by Thin Layer Chromatography (TLC) and High-Performance Liquid
Chromatography (HPLC)

TLC was conducted to analyze the obtained XOS composition qualitatively. Up to
4 µL of XOS products were placed on the activated chromatoplate. The chromatoplate was
developed in the mixture of n-butanol, acetic acid, and distilled water with a ratio of 2:1:1
(v:v:v) as the mobile phase. After running, spots of XOS were detected by naphthol and
H2SO4 in ethanol, followed by drying at 100 ◦C. Standard and negative control was also
running in the same TLC plate.

On the other hand, HPLC analysis was carried out to observe XOS composition quanti-
tatively. The HPLC column was the Waters Sugarpak carbohydrate column (6.5 × 300 mm).
The water flow rate in the mobile phase was 0.5 L/min. The standard XOS were xylose
(X1), xylobiose (X2), xylotriosa (X3), xylopentaose (X4), and xylohexose (X5).

2.4. MRS-Modified Media (MRSm) Production

MRSm was produced by mixing 1 g of tryptophan, 0.8 g of meat extract, 0.4 g of yeast
extract, 0.2 g of K2HPO4, 0.1 g of Tween 80, 0.2 g of sodium acetate, 0.02 g of magnesium
sulfate, 0.004 g of manganese sulfate, and 0.2 g of (NH4)2CO3. Then, the obtained XOS was
added to the media with different concentrations (0, 1, 3 and 5%).
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2.5. Fermentation of L. acidophilus

Fermentation of L. acidophilus was carried out in MRS-modified media (MRSm) with
various concentrations of cassava pulps XOS (0%, 1%, 3% and 5%, v/v). The culture was
incubated at 37 ◦C, 150 rpm shaking for 2 days with sampling at 0, 12, 24, 36, and 48 h.
Samples were analyzed for the population of L. acidophilus, pH, and sugar content. For the
sugar content, as the total reducing sugar, measured by the Miller method, 1000 µL of the
fermented sample was heated for 1 min. Then, it was centrifuged for 10 min (4 ◦C/7826× g).
Into 250 µL of the supernatant, 750 µL of Miller reagents were added. The mixture was
heated for 15 min (100 ◦C), cooled for 20 min, and measured for the absorbance at 550 nm.

2.6. Calculation of Lactic Acid Bacterial Populations

A sample from fermentation (1 mL) was added to 9 mL of saline solution, followed
by serial dilutions (10−1–10−8). Finally, 1 mL solution from the last two series of dilutions
(10−7 and 10−8) was poured into MRSB and MRSm agar media and incubated at 37 ◦C
for 48 h. Lactic acid bacterial colonies were calculated according to the Bacteriological
Analytical Manual (BAM) 2001 standard based on FAO/ WHO (Food and Agriculture
Organization/World Health Organization).

2.7. SCFA and Lactic Acid Analysis

SCFA profile and lactic acid were determined after 48 h of incubation. A total of 0.003 g
of sulfur 5-salicylate dihydrate was added to the 1 mL sample. The mixture was centrifuged
at 11,269 × g (7 ◦C for 5 min). The supernatant was analyzed for the SCFA profile by gas
chromatography. Lactic acid levels were measured by titration using 0.1 N NaOH.

3. Results
3.1. Production and Characterization of XOS from Cassava Pulp

XOS was produced through hydrolysis of cassava pulp xylan by endo-1.4-D-xylanase
(31.3 U/mg) in an incubation condition of 40 ◦C, pH 5, and 24 h. Yield XOS was 0.237% ± 0.002
(w/w) from 1 g cassava pulp.

The product composition was analyzed by TLC (Figure 1). The resulting spots were
identified based on the similarity of the position (Rf) with standard XOS, confirming
xylotriose, xylotetraose, and xylopentaose as enzymatic products and a lack of xylose
and xylobiose.
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Quantitative analysis by HPLC (Figure 2) revealed the concentrations of XOS in
hydrolysate to be 7.43, 89.80, 35.17 and 5591.15 ppm for xylobiose (X2), xylotriose (X3),
xylotetraose (X4) and xylopentaose (X5), respectively.
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Lanes 5 and 6 of TLC show a thicker spot between X4 and X5 than standard line
2. Further analysis by HPLC referring to this thicker spot is X5 as the most abundant
product of hydrolyses. The hydrolysis products of corn cob xylan in alkaline conditions
were xylobiose and xylotriose as the main components [35]. Yield of XOS was 30% (w/v).

3.2. Growth of L. acidophilus

Prebiotic properties of XOS are already present in its crude solution, which stimu-
lates the growth of the intestinal microflora. Furthermore, in the human digestion sys-
tem, XOS encourages the growth of beneficial bacteria, such as Bifidobacterium sp. and
Lactobacillus sp. [20,23,36,37]. Thus, the benefits of XOS are protecting against infection via
the inhibition of pathogenic bacterial growth, decreasing intestinal pH, producing nutri-
ents, increasing mineral absorption, and other biological benefits, including antioxidants,
anti-inflammatory, and anti-allergic effects [20,24]

The bacterial growth profile (Figure 3) shows the population of L. acidophilus in various
concentrations of cassava pulp XOS (MRSm 0, 1, 3, 5%) during 48 h observation. In general,
the growth of L. acidophilus in MRSm with the addition of cassava pulp XOS is better.
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Figure 3 shows that L. acidophilus increased from 7 log CFU mL−1. The total population
of bacterial colonies reported in the small intestine was 5–6 log CFU mL−1 [38]. An increase
of 8.61 log 10 CFU mL−1 indicates that the added XOS cassava pulp was successfully used
as a carbon source for L. acidophilus.

The growth profiles are affected well by the concentration of XOS in MRSm. L. acidophilus
grows up in all media at the first 24 h and then decreases for the MRSm 0 and 1%. The
bacteria in MRSm 3 and 5% still grow up until 36 h, and then decrease in different levels, in
which the population in MRSm 5% is higher than that in 3%. The growth of L. acidophilus in
MRSB increases in the first 12 h and is stagnant till the end of the 48 h observation. This is
because MRSB media has sufficient glucose as a carbon source to support the growth of
L. acidophilus within 48 h of observation time. Its fast growth in the first 12 h is due to the
simpler glucose sugar than XOS. Meanwhile, the amount of sugar in MRSm in the form of
XOS is limited to 24 h for 1% and 36 h for 3 and 5%. The amount of sugar in all mediums at
every 12 h of observation is presented in Figure 3.

3.3. Total Reducing Sugar

This study examined the potential of XOS as a prebiotic in L. acidophilus growth in
various MRSm. XOS is metabolically oxidized as a carbon source to generate energy for
bacterial growth. XOS content can be determined by total reducing sugar measurement.
Figure 4 shows the total reducing sugar content in MRSm media with different concentra-
tions of XOS as a function of incubation time. At an incubation time of 0 h, MRSm with a
higher concentration of XOS has a higher total reducing sugar content. The total reducing
sugar content in MRSm 0 and 1% significantly decreased at the first 12 h and remained
constant for the rest of the incubation. Meanwhile, for MRSm 3 and 5%, the total reducing
sugar content also significantly decreases in the first 12 h, gradually decreases from 12 to
36 h, and remains constant after 36 h of incubation.
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3.4. Short-Chain Fatty Acids (SCFA)

Various SCFA were produced during XOS fermentation by L. acidophilus [37,39]. Table 1
shows the SCFA amount produced after 48 h fermentation time of XOS by L.acidophilus in
MRSm 0 and 5%. The observed SCFA were lactic acid, acetic acid, propionic acid, isobutyric
acid, n-butyric acid, isovaleric acid, and n-valeric acid, as revealed by gas chromatography.
The total amount of SCFA produced in MRSm 5% was higher than of MRSm 0%. However,
the amount of each SCFA for those media varied. A shorter chain of SCFA (e.g., acetic acid
and propionic acid) was produced more in MRSm 0%. In contrast, a longer chain of SCFA
(e.g., n-butyric acid, isovaleric acid, and lactic acid) was produced more in MRSm 5%.

Table 1. Type and content of SCFA after fermentation of L. acidophilus with addition of XOS (5%) as
carbon source compared to medium containing glucose (0%).

Types of Short Chain Fatty Acids
Content (mM)

0% 5%

Acetic acid 43.1 14.42
Propionic acid 0.63 0.25
Isobutyric acid 0.22 0.13
n-butyric acid 0.18 0.41
Isovaleric acid 0.17 0.25
n-valeric acid 0.03 0.02

Lactic acid 25.08 57.42
Total 69.41 72.9

Figure 5 shows the pH profile during the fermentation process. In general, the pH
value of all media decreases as the fermentation occurs. The reduction of pH is due to the
SCFA production from bacterial fermentation as a function of incubation time [37]. The
pH value also decreases as the concentration of XOS in media increases, which is in good
agreement with the total amount of SCFA (Table 1). We observed an anomaly at MRSm 0%,
where the pH increased after 24 h of incubation. It is due to the production of ammonia
from meat extract. The main products of Lactobacilli carbohydrate fermentation are acetic
acid and lactic acid with pKa 4.8 and 3.8, respectively [36]. The pH profiles obtained in
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this fermentation were slightly higher than the study of corncob XOS fermentation by
L. acidophilus. Chapla et al. [40] reported that the pH after 24 h of XOS fermentation of
corncobs by L. acidophilus reached 5.9 ± 0.09.
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Aachary and Prapulla [25] found that fermentation by L. acidophilus increased butyric
acid and total volatile fatty acids. In this study, the number of n-butyric acid in 5% was
higher than 0%. This was also observed in the total amount of SCFA. Propionic acid and
butyric acid produced from fermentation can prevent colon cancer [28]. In addition, SCFA
can protect the digestive system against diseases, such as colorectal cancer, Chron’s disease,
and ulcerative colitis [22]. Lactic acid produced during fermentation is an intermediate
product and then converted to acetic acid, propionate, and butyrate [24].

4. Discussion

The differences in the growth profiles (Figure 3) are likely due to the content and
composition of XOS. MRSB has simpler sugar (glucose), while cassava pulp XOS has a high
X5 content. A high glucose concentration in MRSB boosted the growth during the first
12 h, while the group with the lower growth rate had bacteria digesting XOS to produce
X1. The insignificant bacteria growth in MRSm 0 and 1% after 24 h can be explained by
a lack of xylose to support the further development of bacteria. However, MSRm 3 and
5% cases are still increasing with similar populations of MRSB. The decline of growth after
24 and 36 h indicates that the XOS as bacterial food is nearly finished, while in MRSB, there
is still enough substance to support till 48 h. The bacteria in MRSB reached maximum
growth and become stagnant after 12 h because of other conditions beyond the carbon
sources. The bacterial growth profile showed that cassava pulp XOS had an increased
prolonging effect for L. acidophilus growth. As L. acidophilus is a human probiotic bacterium,
we can provisionally conclude that XOS from enzymatically hydrolyzed cassava pulp xylan
has a prebiotic effect. The higher concentration of XOS added, the better the impact on
the growth.

These results show that commercial XOS can be used as a bacterial growth medium.
Lactobacillus sp. growth was measured to be lower when compared to the growth of
probiotic strains of Bifidobacteria, Clostridia, Bacteroides, and Streptococci. Lactobacillus growth
in commercial XOS media reached 8.93 log CF/gram feces [28]. Bengal gram husk XOS and
Wheat bran XOS were utilized effectively by all the microorganisms, except L. plantarum
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NDRI strain 184 [41]. The growth of L. acidophilus with the addition of XOS cassava pulp
(5%) reached 8.61 log CFU/mL.

We believe that the significant decrease in the total reducing sugar content (Figure 4) is
likely due to the simple XOS (X2–X4), which was easily digested and consumed by bacteria
during the first 12 h. After 12 h, this simple XOS depleted, and bacteria began to consume
the higher XOS, i.e., X5. It is also confirmed by HPLC results (Figure 2) that the obtained
XOS mainly consists of X5. This profile also aligns with the growth curve of bacteria in
Figure 3, where the bacteria significantly grow in the first 12 h and then remain constant. It
indicates that the main metabolism pathway in both media was different.

The variation of the obtained SCFA amount in different media (Table 1) is due to
the other XOS type consumed by L. acidophilus leading to different produced SCFA. For
example, in MRSm 5%, the high amount of X5 consumed by L. acidophilus produces a
longer chain of SCFA and vice versa. This SCFA is known to have a supporting effect on
the digestive system. For example, n-butyric acid could increase the metabolic efficiency
process in the epithelium of the large intestine and prevent colon cancer [42]. This is
because SCFA is absorbed by intestinal epithelial cells and used as an energy source.
Rycroft et al. [28] reported that commercial XOS fermentation for 24 h produced SCFA in
the form of lactic acid (17.91 mM), acetic acid (26.70 mM), propionic acid (7.21 mM), and
butyric acid (1.75 mM). This indicated that SCFA produced from fermented XOS cassava
pulp (Table 1) has slightly lower yields but has the same composition.

5. Conclusions

From the experiment results, we conclude that XOS obtained from enzymatic hydroly-
ses of Cassava pulp xylan by endo-β-1,4-D-xylanase has a prebiotic effect due to its effect
on probiotic L. acidophilus growth. The addition of 5% XOS to the medium increased the
growth of L. acidophilus to 8.61 log CFU/mL after 36 h incubation. This value is similar
to the change in MRSB media. Total reduced sugar levels support the growth profile
explanation. Furthermore, the addition of XOS also affected the profile of SCFA produced
by bacteria, in which the lactic acid was dominant in a medium with XOS of 5%. In contrast,
acetic acid was predominant without XOS.
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