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ABSTRACT: Coffee is the second most common trade commodity in the world after petroleum. The coffee industry generates
large amounts of waste in the form of coffee peels. Coffee peel waste consist of lignocellulose containing hemicellulose
and other chemical compounds. The objective of this research was to extract xylan, the main component of hemicellulose
from coffee waste, and to utilize the xylan in the production of xylooligosaccharide (XOS). Xylan was extracted from coffee
waste using NaOH solution and neutralized by HCl 6 M. Afterward, xylan was precipitated using ethanol. Various NaOH
concentrations (4, 8, 12 and 16 % w/v) were used to obtain the xylan. NaOH solution with a concentration of 12 % results 43
% extraction of xylan from coffee waste. Xylan obtained from the extraction was hydrolyzed using endo-p-1,4-xylanase from
Bacillus sp. to produce XOS. The incubation time of enzyme-substrate was observed at 40 °C, pH 5 and enzyme dose of 23.6
U. Thin layer chromatography results showed that the hydrolyzed products of xylan are XOS with composition xylobiose (X2),
xylotriose (X3), xylotetraose (X4) and xylopentaose (X5). LC-MS studies revealed that X2 is the dominant product with the
concentration of 6.00 ppm. This research demonstrates the potential to utilizate coffee peel waste as a source of xylan for the

production of XOS.

Index terms: Coffee peel waste, endo-f-1,4-xylanase, xylooligosaccharide (XOS).

1 INTRODUCTION

In the last decade, there has been an increase
in the utilization of bioactive compounds derived
fromplantas a substitute for the synthetic molecules
used in the food and pharmaceutical as a guard
of gastrointestinal health. Consumer awareness
on healthy food, alternative pharmaceuticals and
prohibitions of the use of antibiotics as growth
promoter in the feed of poultry and livestock,
phobia against excessive antibiotics and increase
of the drug cost are some of the drivers of the
research on the bioactive compound derived
from plant having potency in guarding the
intestinal health called probiotics (Samanta, et
al., 2013). Prebiotics are a selected fermentation
composition that produces a particular change in
the composition and/or activity of gastrointestinal
tract microbiota which leads to the health benefits
for the host (Roberfroid et al., 2010). Some of
the indigestible food materials appear as the
candidates of prebiotics including galactans,
fructan, XOS and B-glucan or arabinoxylan and
can be produced from lignocellulose biomass
which is abundant and renewable (Cummings et
al., 2001; Mei et al., 2011,Samanta, et al., 2012;
Achary et al., 2011; Saha 2003). XOS from corn
stover and garlic straw have been reported having
prebiotics effects by inducing the production of
lactate, formate, and SCFA (acetate, propionate

and butyrate) and increasing the population
of Bifidobacterium and Lactobacillus bacteria
beneficial for the gastrointestinal health (Buruiana
etal., 2016; Kallel et al., 2014). The rise in demand
for prebiotics precipitates this research into XOS
production.

XOS are sugar oligomers composed of some
xylose monomers with a degree of polymerization
between 2—10. Production of XOS has received
attention because it has potential to be applied
in the production of food containing prebiotics.
XOS has prebiotic effects when it is consumed
as a part of the food. XOS with a low degree
of polymerization (DP) have been proven to
promote proliferation of bifidobacteria, beneficial
microorganisms in human intestine (Brienzo,
2010). XOS is non digestible food ingredient and
gives a positive effect by stimulating the growth
of beneficial bacteria within the colon (Achary
et al.,, 2011) XOS can be produced from waste
lignocellulose containing xylan (Brienzo et al.,
2010). Generally, xylan is in the complex of xylan-
lignin within biomass containing lignocellulose.
Because hydrolysing xylan is difficult of the
difficulty of XOS production has to be conducted
in two steps. First xylan must be extract from
biomass containing lignocellulose. Then, it
must be extract be hydrolysed enzymatically or
chemically. XOS production through enzymatic
xylan hydrolysis is preferable since it does not
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result in a negative by-product (Aarchary &
Prapulla, 2011). Lignocellulose biomass that has
been reported to contain xylan for XOS production
include corn cobs, natural grass, tobacco stalk,
sugarcane bagasse, pigeon pea, and cotton stalks.
(Aarchary & Prapulla, 2009; Akpinar et al.,
2010; Brienzo et al.,2010; Samanta et al., 2012;
Samanta et al., 2013). This study is evaluating a
new biomass resource, i.e. coffee bean peel, as a
raw material for xylan extraction.

Coffee as the second most traded word
commodity after petroleum. It is produced in about
60 tropical and subtropical countries and exported
as an agricultural product (Lashermes et al., 2008;
Viera, 2008). It is also a popular beverage and its
consumption has increased over last the 150 years
(Daglia et al., 2000). While meeting increase
demand, the growing coffee industry is also
creating an environmental problem (Solange et
al., 2011). Waste from the coffee industry includes
coffee pulp (CP), coffee husk (CH), coffee silver
peel (CSS) and spent coffee grounds (SCG).
Coffee peel waste is obtained by separating coffee
beans from the fruit. Spent coffee grounds are the
waste from the process of dissolving grounded
coffee with hot water in the instant coffee industry
(Solange et al., 2011). Many types of research
have been pursued about ways to add value of the
waste of the coffee industry. Most of the research
focuses on the utilization of SCG as a resource in
the production of biodiesel, fuel pellets, ethanol,
adsorbents, and antioxidants etc. (Kondamudi et
al., 2008; Franca et al., 2009; Ramalakshmi et al.,
2009). The other research on CP, CH and CSS
try to use them as substrate in the production of
xylanase, fungi, gibberellins (plant hormones),
biogas etc. (Murthy & Naidu, 2012; Fan et al.,
2001; Machado et al., 2002; Jayachandra et al.,
2011). Each waste component has hemicellulose
content of 2.3 % (CP), 7.0 % (CH) and 13.1 %
(CSS) (Musatto et al., 2011; Franca et al., 2009;
Murthy & Naidu, 2010). Since it is not economic
to separate the components of coffee waste,
hence this research exploits all the part of the
coffee waste. Several base solutions were used to
optimize the xylan extraction. Xylan extracted was
hydrolyzed using endo-B-1,4-D-xylanase isolated
from Bacillus sp. of the termite abdomen system
to produce XOS (Ratnadewi et al., 2007)

2 MATERIALS AND METHODS
Materials

XOS standards (X2, X3, X4, and X5) are
products of Megazyme, Ireland. TLC plate Silica
Gel 60 F254 was from Merck, Germany. Coffee
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peel waste was robusta varieties of local milling
in the Silo district, Jember Regency. Coffee peel
was ground to 100 mesh then dried at 60 °C until
constant weight. Material was stored in a dry place
until needed.

Microorganisms

Bacillus sp. from termite abdominal system
was used to produce endo-B-1,4-xylanase which
was kept at — 20 °C in glycerol stock.

Delignification of coffee peel waste

Coffee peel (10 g) was soaked in 100 mL of
0.5 % NaOCI solution for 5 h at 28 °C and rinsed
with water afterward. The delignified sample was
subjected to the xylan extraction process.

Xylan extraction from delignified coffee peel
waste

A solid sample with moisture content 0f 9.56
+ 0.19 % (w/w) from the delignification process
was soaked in NaOH solution for 24 h at 28 °C
with a biomass : solution ratio of 1: 10 (w/v). The
concentrations of NaOH were 2, 4, 8 and 12 %
(w/v) The mixture was centrifuged at 10,000 rpm
for 20 min. The supernatant was separated and
neutralized with drops of HCI 6 N. Centrifugation
was applied to the neutral sample at 10,000 rpm
for 10 min and the supernatant of this process
was mixed with ethanol 95 % (w/w) with volume
ratio 1 : 3 (supernatant : ethanol). The mixture
was centrifuged at 10,000 rpm for 10 min and the
precipitate was collected and dried. Crude xylan
content was calculated using the equation below:

final weight

TrueYield Crude xylan (%) = x100%

initial weight

Xylan characterization by Fourier Transform
Infrared Spectroscopy (FT-IR)

Xylan extracted from coffee peel waste
was characterized using Fourier Transform
Infrared Spectroscopy (FT-IR) HTS-XT, Bucket
Optics GBH, Ettlinger at 400 — 4000 cm™. The
sample of 10 mg in powder form was used in this
characterization.

Enzymatic hydrolysis of xylan from coffee peel
waste using endo-f-1,4-xylanase

Endo-B-1,4-xylanase with specific activity
of 23.60 U/mg and total protein content of 0.454
mg. 125 pL crude enzyme was added to 125 pL
xylan substrate 1 % (w/v, dry base) extracted from
coffee peel waste. The mixture was incubated
at 40 °C for 16, 24, 32 and 48 h. Total reducing
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sugar was determined using DNS reagent and the
absorbance was measured at 550 nm (G. Miller,
1959)

Qualitative analysis of hydrolysis products
using thin layer chromatography (TLC)

XOS products from the enzymatic
hydrolysis process were separated by means
thin layer chromatography (TLC). The sample
was dropped onto a silica plate and elution was
done using the mixture of 1-butanol: acetic acid:
water with a ratio 2: 1: 1 (v/v). XOS was detected
by spraying solution of naphthol and H,SO, in
ethanol followed by drying at 100 °C.

Quantitative analysis of hydrolysis products
by LC-MS

Enzymatic hydrolysis products of xylan
were quantified using Liquid Chromatography-
Mass Spectrometry (LC-MS) equipped with a
Waters Sugar Pak I column (6.5 x 300 mm) at
80 °C and a mobile phase flow rate of 0.5 mL m'!
with water as the solvent. 10 pL of the sample
was injected manually. XOS concentration was
calculated by comparing the peak area of the
sample and standard. The standards were xylose,

xylobiose, xylotetraose, xylopentaose, and
xylohexaose.

3 RESULTS AND DISCUSSION
True yield Xylan

Coffee peel waste is an abundant

lignocellulosic waste and a potential source for
xylan extraction. Recently there is an increase
in the study of xylan extraction since xylan can
be converted to prebiotic which is beneficial
as antiulcer, antitussive and immunostimulant
(Ebringerova et al., 2002; Akpinar et al., 2007).
Xylan is the major component of hemicellulose
within plant cell walls and which has covalent
bonds between lignin and cellulose which
form lignocellulose complex (Gowdhaman &
Ponnusani, 2015). Xylan within lignocellulosic
biomass can be extracted using several solvents
such as alkaline solution, organic solvents, dilute
acidic solution, enzyme, and water. Extraction by
alkaline solution is prefere because hemicellulose
by hydrolyzing the ester bond, which cause swelling
of the cellulose and decrease the crystallinity
of the cellulose (Samanta et al., 2013). It was
reported that hydroxyl ion provokes the swelling
of cellulose and destruction of the hydrogen bond
between cellulose and hemicellulose eventually

Ratnadewi, A. A. 1. et al.

xylan can be extracted easily (Al-Sheraji et al.,
2013). Samanta et al. (2013) investigated the
xylan extraction of pigeon pea using two alkaline
solutions, i.e. NaOH and KOH and no difference
among them. Based on this result, NaOH solution
was used to extract xylan from coffee peel waste by
soaking at room temperature for 24 h followed by
neutralization using HCl 6 M and precipitation of
xylan polymer using ethanol. The concentrations
of NaOH solution were 4, 8, 12 and 16 % (W/v)
to optimize the insoluble xylan. The result of
insoluble xylan is tabulated in Table 1.

In the Table 1 is present that insoluble xylan
recovery efficiency increased with increasing
NaOH concentration from 4 to 12 % and decrease
afterward. The more NaOH used for extraction
Ithe more xylan could be extracted up until 12%.
Further increases in NaOH concentration causes
xylan degradation, eventually lowering the xylan
yield (Da Silva et al., 2012). It can be concluded
that NaOH solution of 12 % is the optimum
concentration for extracting of insoluble xylan
from coffee peel waste with the yield of 9.73 %.
This concentration has a relative yield of 43 %
(Fig. 1) where relative yield was calculated based
on hemicellulose content of coffee pulp, coffee
husk and coffee silver peel (Murthy & Naidu,
2012).

FTIR Spectra

Infrared spectroscopy is used to identify
functional groups of the organic compound. IR
spectra show a specific signal of the functional
group. This technique was employed to identify
functional groups of xylan extracted from coffee
peel waste using alkaline solution.

Fig. 2 is the IR spectra of xylan from coffee
peel waste showing the characteristic of xylan.
The spectra show vibrations at the wavenumber
of 3398, 1642, 1541, 1463, 1370, 1048 and
652.29 cm’!. These vibrations show the pattern
of xylan IR spectra (Kumar & Negi, 2012). The
broadband of 3398 cm! is from the vibration
of the hydroxyl group of xylan (Oliviera et al.,
2010). The absorbed water within xylan peaked
at 1642 cm! and aromatic C=C bond appeareds
at 1541 cm™ (Zhou et al., 2011). The presence
of lignin vibration in these spectra infers that the
delignification process was not complete (Kumar
& Negi, 2012). The vibration of methoxy groups
(O-CH3) appears at the wavenumber of 1463 cm-
!, this band may be due to the possible existence
of 4-0-methyl-glucuronosyl within the extracted
xylan (Yang et al., 2007).
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TABLE 1 - Effect of alkali concentration on the recovery of insoluble xylan from coffee peel waste.

Concentration of NaOH ( w/v)

Recovery of insoluble xylan (% of raw materials) *

4% 4,33+0,11
8 % 5,13£0,31
12 % 9,73+0,11
16 % 6,67+0,23
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FIGURE 1 - Effect of NaOH concentration on relative yield of xylan from coffee peel waste.

Transmitan (%)

1010

FTIR Spectra of Xylan Coffee Peel

100,0 |-

99,5 |-

99.0 |-

98,5

98,0 |-

97.5

s\ AL

L
b

W) W

3398 em’ =

St TR
R,

-i'"'\r"lu r
q

/ f

—
-
<

-

1541cm’ —
1370cm”’ ——

1624 cm’' —— —=

1463 cm’'

4000

3500

3000 2500 2000 1500

Wavenumber (cm™)

FIGURE 2 - FT-IR spectra of xylan from obtained through 12 % sodium hydroxide application from coffee peel waste
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The peak at 1370 cm™! is the bending mode
of C-H and C-O of xylan (Peng et al., 2010). A
sharp absorbance at 1048 cm™ characterizeds
xylan vibration due to the stretching mode of C-C,
C-O and bending mode of C-OH within xylan
(Colom et al., 2003).

XOS production from xylan of coffee peel
waste

Xylan extracted from coffee peel waste
was hydrolysed to produce XOS. Xylan is a
heteropolysaccharide. Xylose is the component
of the main chains of xylan and is connected by
B-1,4-glycosidic bonds with O-acetyl, arabinosyl,
and methyl-glucuronosyl side chains (Abirami
et al.,, 2011). Xylan can be employed in the
production of XOS through enzymatic hydrolysis
using endo-fB-1,4-D-xylanase where the enzyme
cuts the chain within xylan randomly. XOS
is a carbohydrate oligomer with xylose as the
monomeric unit and has prebiotic properties. The
potential for XOS production from lignocellulosic
waste has positive economic prospects, as the
demand for prebiotics is increasing in food and
pharmaceutical sectors (Goldman, 2009). XOS
in this research is produced through hydrolysis of
xylan from coffee peel waste by endo-B-1,4-D-
xylanase from Bacillus sp. of termite abdominal
system (Ratnadewi et al.,, 2007). The enzyme
can hydrolyze oat xylan to produce XOS with
the component such as xylobiose, xylotriose,
xylotetraose and xylopentaose (Ratnadewi et
al., 2016). XOS production in this research was

Ratnadewi, A. A. 1. et al.

conducted at 40 °C, pH 5 and an enzyme dose 23.6
U. Incubation time was varied for 16, 24, 32 and 48
h and the effects of each respective incubation was
observed. Specifically the observation measured
the total sugar reduction. The data is presented in
Fig. 3.

Researchers observed the greatest amount
of total reducing sugar between 16-24 h at which
point total reducing sugar decreased. It can be
inferred that 24 h is the optimum time to hydrolyze
xylan into XOS with total reduce sugar measured
at 0.334 mg/ml. The decrease of total reducing
sugar after 24 h was hypothesized to have caused
by decrease of activity of endo-p-1,4-D-xylanase.

Thin layer chromatography was applied
to analyze the component of XOS as the product
of hydrolysis. The analysis results in separation
as shown in Fig. 4. It shows the occurrence of
some spot on the hydrolysis products (Line 4
& 6) which is around or parallels with the XOS
standards i.e. xylobiose, xylotriose, xylotetraose
and xylopentaose (Line 2) and the absence within
the area of xylose. Based on this result, the
primary components of the XOS are xylobiose
(X2), xylotriose (X3), xylotetraose (X4) and
xylopentaose (X5) without xylose. Other research
has reported that XOS with DP 2 - 3 from garlic
straw xylan and XOS with DP 2 — 6 from corn
cob have potency as prebiotics (Kallel et al., 2014;
Moura et al., 2007). It can be concluded that XOS
hydrolysis product of xylan from coffee peel
waste by endo-B-1,4-D-xylanase may also have
application as probiotics.
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FIGURE 3 - Time course for production XOS generated from xylan coffee peel waste (1 %) using with 23.6 U/
mL of endo-B-1,4-xylanase from Bacillus sp. of termite abdominal system at pH 5 and 50 °C .
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C-MS was used for quantitative analysis
of each XOS composition arising from xylan
hydrolysis. The results of the analysis are
presented in Figure 5 and 6. The amount of XOS
was determined by comparing the peak area of
the sample and the standard. The concentrations
of X2, X4, and X6 in the sample are 6.00, 0.802
and 0.832 ppm respectively. It shows that X2 is

Xle—

Nle——
Nle—
N{e—
Xfe———
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the dominant product of xylan hydrolysis by
endo-B-1,4-D-xylanase. Aachary dan Prapulla
(2011) have reported that XOS with DP 2-3 has
physiological benefit for human and animals, thus
the hydrolysis products of xylan from coffee peel
waste may also be used as a substrate for prebiotic
productions.

Q000
3 4 & =

FIGURE 4 - Thin layer chromatogram of component of XOS as the product of enzymatic hydrolysate of xylan
from coffee peel waste. Lane 1, xylose (1 pg/ul); 2 XOS standard mixture (1 pg/pl); 3 & 5 control (using inactive
enzyme); 4 & 6 XOS generated by 23,6 U of respectivly at 40 °C, pH 5 with 24 h of incubation.
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FIGURE 5 - Mass spectra of XOS of enzymatic hydrolysate of xylan from coffee peel wast.
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FIGURE 6 - Chromatogram LC-MS of XOS of enzymatic hydrolysate of xylan from coffee peel waste.

4 CONCLUSIONS

This researc identified coffee peel as a
source of xylan for XOS production. The more
NaOH used for extraction Ithe more xylan could
be extracted up until 12% with the yield of 43%
relative to original hemicellulose content of the
feedstock. Utilization of endo-B-1,4-D-xylanase
from Bacillus sp. for xylan hydrolysis results in
XOS with the degree of polymerization 2-5 i.e.
xylobiose, xylotriose, xylotetraose, xylopentaose,
and xylohexaose. The LC-MS analysis shows that
X2 is the dominant product with a concentration
of 6.0 ppm. Though produced concentrations
of XOS measured less than would be produced
when using the method employed in this study is
cheaper and documents a novel substrate for XOS
production. Further, it demonstrated that coffee
peel waste from the agricultural sector may be
uses in production of XOS rather than discarded.
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