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A B S T R A C T  

Cof fee peel waste con tains fibers in clud ing xy lan, a poly mer that con sti tutes hemi cel lu loses. Xy lan can be ex - 
tracted from cof fee peel and used for xy looligosac cha ride (XOS) pro duc tion. XOS is an oligomer that has the 
po ten tials as a pre bi otic. XOS pro duc tion could be car ried out by en zy matic hy drol y sis us ing endo - β - 1,4 - d - 
xylanase. In this re search, the XOS from cof fee peel was in ves ti gated for its pre bi otic po ten tial on the growth 
of Lac to bacil lus ca sei ( L.ca sei ) in - vitro. The as say was car ried out by adding var i ous con cen tra tions of XOS to 
the bac te r ial cul ture me dia un der dif fer ent in cu ba tion times. L. ca sei growth was cal cu lated based on the 
formed bac te r ial colonies log CFU/ mL. Ad di tion of 20% XOS to 10  mL of L. ca sei growth me dia showed the 
best re sult at 12  h with 8.75 log CFU/ mL. In creased bac te r ial colonies proved that XOS in fer mented me dia 
was ben e fi cial for the bac te ria, re sult ing in bac te r ial cell pro lif er a tion. Other pa ra me ters ob served in this study 
were the de creased pH value, the re duced XOS level and the in creased con tent of or ganic acids in the bac te r ial 
cul ture me dia. 

1 . Introduction 

Pre bi otics are non - living food com po nents ben e fi cial to pro bi otic 
bac te ria be cause they mod u late mi cro biota ( FAO, 2007 ). Pre bi otics 
mostly come from oligosac cha rides, a car bo hy drate com pris ing 3 – 10 
mono sac cha ride units ( Roberfroid, 2007 ). 

Widely known pre bi otics are in ulin, fruc tooligosac cha rides, and 
galac tooligosac cha rides ( Roberfroid, 2007 ; Kelly, 2009 ). Other car bo - 
hy drates that have po ten tial as pre bi otics are glu cooligosac cha ride, 
lac tu lose, lac to su crose, palati nose and XOS ( Roberfroid et al., 2010 ). 
XOS is a promis ing pre bi otic be cause it can be ob tained from cheap 
and re new able agri cul tural wastes ( Samanta et al., 2015 ). 

XOS are oligomers of xy lan arranged in β - (1,4) - xyloside bonds. 
XOS are ob tained from the hy drol y sis of xy lan that can be found in 
many plants ( Brienzo et al., 2010 ). XOS has been pro duced from var i - 
ous sources of agri cul tural waste such as corn hull, gar lic bagasse and 
cas sava peel ( Vazquez et al., 2000 ; Moure et al., 2006 ; Samanta et al., 

2012 ; Kallel et al., 2014 ; Hafidah et al., 2018 ). Cof fee peel waste con - 
tains a re ported 85% fiber, com posed mainly of cel lu lose and hemi cel - 
lu lose ( Borrelli et al., 2004 ). Hemi cel lu lose is a het eropolysac cha ride 
that forms a plant cell, with xy lan as its con stituent poly mer. Many 
types of re search have been pur sued about ways to add value of the 
waste of the cof fee in dus try, such as the uti liza tion spent cof fee 
grounds (SCG), cof fee pulp (CP), cof fee husk (CH), and cof fee sil ver 
peel (CSS) as a re source biodiesel, fuel pel lets, ethanol, ad sor bents, 
and an tiox i dants, bio gas ( Kondamudi et al., 2008 ; Franca et al., 2009 ; 
Ramalakshmi et al., 2009 ; Murthy and Naidu, 2012 ; Fan et al., 2001 ; 
Machado et al., 2002 ; Jayachandra et al., 2011 ). In pre vi ous re search, 
we have suc ceeded in get ting XOS from the xy lan hy drol y sis process 
from all the part of the cof fee peel waste, con sid er ing the sep a ra tion 
of waste cof fee is not eco nom i cal (Un pub lished). 

XOS pro duc tion can be car ried out through au to hy drol y sis or en - 
zy matic meth ods. En zy matic XOS pro duc tion is pre ferred be cause it is 
spe cific and will pro duce less by - products ( Jain et al., 2015 ). XOS 
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com pounds ob tained from cas sava peel was pro duced by en zy matic 
hy drol y sis us ing endo - β - 1,4 - d - xylanase and the com pound were 
mainly ob tained in the form of xy lopen taosa ( Ratnadewi et al., 2016 ). 
Endo - β - 1,4 - d - xylanase en zyme can specif i cally break the β - 1,4 xy lo - 
side bonds of the xy lan ( Liab et al., 2000 ). Endo - β - 1,4 - d - xylanase cat - 
alyzes the hy drol y sis re ac tion on β - 1,4 - xyloside bonds of the main xy - 
lan chain thus pro duc ing a sim ple oligomer in the form of XOS. Al - 
most all en dox i lanases could hy drolyze the main chain of xy lan which 
are not sub sti tuted by the ara bi nose group ( Tuohy et al., 2001 ). 

Clin i cal stud ies have proved that the pres ence of Lac to bacil lus and 
Bi fi dobac terium in the in tes tine could in hibit path o genic bac te ria, 
could in crease body im mu nity, and pro duces an ti car cino genic ef fects 
( Sullivan and Nord, 2002 ). XOS stim u lated the growth of sev eral pro - 
bi otic strains in - vitro such as B. ado les cen tis NDRI 236, B. bi fidum 
NCDC 2715, B. bi fidum ATCC 29521, L. bre vis , NDRI L. plan tarum 184 
af ter 48  h of in cu ba tion ( Manisseri and Gudipati, 2012 ). XOS from 
corn hull is known to in crease the growth of En te ro coc cus fae cium, En - 
te ro coc cus fe calis , L. mal tro mi cus , L. viridis cens ( Samanta et al., 2012 ). 
In line with the in - vitro XOS fer men ta tion pro file, XOS was also 
known to se lec tively stim u late the growth of in testi nal mi croflora in - 
vivo. The ad min is tra tion of XOS in mice sig nif i cantly in creased the 
fae cal wa ter con tent, to tal ce cum weight and Bi fi dobac te ria pop u la tion 
which de creased the cae cum pH value ( Chung et al., 2002 ; Chan et 
al., 2005 ). Healthy and di a betic mice fed with 5% or 10% XOS 
showed a sig nif i cant in crease in the pop u la tion of Bi fi dobac te ria and 
ce cum lac to bacilli ( Gobinath et al., 2010 ). In creased pop u la tions of 
ben e fi cial in testi nal mi croflora were ac com pa nied by sev eral changes, 
in clud ing de creased cae cum pH value and in creasethe to tal weight of 
ce cum. De crease in pH value was as so ci ated with the in crease of 
short - chain fatty acids from se lec tive pre bi otic fer men ta tion by in - 
testi nal mi croflora such as Bi fi dobac te ria and Lac to bacilli ( Gibson and 
Roberfroid, 1995 ). 

The aim of this study is to in ves ti gate the abil ity of XOS,pro duced 
by en zy matic hy drol y sis with endo - β - 1,4 - d - xylanase from cof fee peel, 
in in creas ing the growth of L. ca sei in - vitro. The as say was car ried out 
by adding XOS from cof fee peel in L. ca sei mod i fied bac te r ial cul ture 
me dia. 

2 . Materials and methods 

2. 1 . Materials 

Cof fee peel (Ro busta) was grounded and sieved through a sieve 
(200 mesh). The pow der was ex tracted for its xy lan con tent, then 
stored in tightly closed con tain ers at room tem per a ture. Bacil lus sp . 
from ter mites were used for pro duc ing endo - β - 1,4 - d - xylanase en zymes 
and stored in glyc erol stock (− - 20  °C) ( Ratnadewi et al., 2016 ). XOS 
(X1 - X6) (Merck and Megazyme) was as the stan dard for char ac ter iz - 
ing the hy drol y sis re sult. 

2. 2 . Enzymatic hydrolysis of coffee xylan and analysis of XOS 

Cof fee peel xy lan so lu tion 0.8% (w/ v) was used as the sub strate, 
then endo - β - 1,4 - d - xylanase en zyme was added at a ra tio of 1:1. The 
mix ture was in cu bated at 40  °C for 24  h. XOS was then cen trifuged 
and fil tered with 0.2  μm (mil li pore) fil ter sy ringe prior to its con - 
stituent types analy sis with Thin Layer Chro matog ra phy (TLC) and 
High Per for mance Liq uid Chro matog ra phy (HPLC). 

2. 3 . Fermentation of XOS with L. casei 

MRSB - m me dia (mod i fied MRSB) was made by mix ing 1  g tryp to - 
phan, 0.8  g meat ex tract, 0.4  g yeast ex tract, 0.2  g K 2 HPO 4 , 0.1  g 
Tween 80, 0.2  g sodium ac etate, 0.02  g mag ne sium sul fate, 0.004  g 
man ganese sul fate, and 0.2  g (NH 4 ) 2CO 3 . The mix ture was dis solved 

with dis tilled wa ter to a vol ume of 100  mL. The so lu tion was ho mog e - 
nized and added with XOS from cof fee peel so lu tion ( Table 1 ), and 
then ster il ized. The L. ca sei pre - cultured at 37  °C for 16  h was added 
in MRSB - m ac cord ing to Table 1 . In cu ba tion was then car ried out aer - 
o bi cally at 37  °C for 12, 24, 36 and 48  h with out shak ing. 

2. 4 . Calculation of lactic acid bacterial populations (BAM method, 2001) 

One mL of fer mented sam ple was added to 9  mL of saline so lu tion, 
fol lowed by se r ial di lu tions (10 - 1 - 10 - 8 ). 1  mL so lu tion each from the 
last two se ries of di lu tions (10 - 7 and 10 - 8 ) were poured into MRSB - 
agar me dia and in cu bated at 37  °C for 48  h. Lac tic Acid Bac te r ial 
colonies were cal cu lated ac cord ing to Bac te ri o log i cal An a lyt i cal Man - 
ual (BAM) 2001 stan dard based on FAO/ WHO (Food and Agri cul ture 
Or ga ni za tion/ World Health Or ga ni za tion). Cal cu la tion of bac te r ial 
colonies was car ried out with the fol low ing for mula: 

N  =  total bacterium 
 =  total number of colonies 

n1  =  number of plates of the first dilution 
n2  =  number of plates of the second dilution 
d  =  level of dilution 

2. 5 . Lactic acid levels measurement 

Mea sure ment of lac tic acid lev els was car ried out by titra tion us - 
ing 0.1  N NaOH. About 5  mL of the fer mented sam ples were taken 
and phe nolph thalein in di ca tors were added, fol lowed by titra tion with 
0.1  N NaOH. 

2. 6 . pH level measurement 

Mea sure ment of the pH value was done by tak ing 10  mL each of 
the fer mented sam ples, fol lowed by mea sure ment with a pH me ter. 

2. 7 . Total reducing sugar level measurement 

The mea sure ment of to tal re duc ing sugar level was car ried out by 
the Miller method. About 1000  μL of the fer mented sam ple was taken 
and heated for 1  min. The so lu tion was then cen trifuged for 10  min 
(4  °C/ 10,000  rpm). 250  μL of the su per natant was taken and 750  μL 
of Miller reagents were added. The mix ture was heated for 15  min 
(100  °C). The mix ture was then cooled for 20  min, and its ab sorbance 
was mea sured at 550  nm. 

3 . Result and discussion 

3. 1 . Hydrolysis of coffee peel xylan by endo - b - 1, 4 - D - xylanase 

Hy drol y sis of cof fee peel xy lan by endo - β - 1,4 - d - xylanase with an 
ac tiv ity of 4.53 U/ mg pro duced XOS, iden ti fied as xy lote traosa 
(Rf  =  0.40) and xy lopen taosa (Rf  =  0.34). The iden ti fi ca tion was 
done qual i ta tively by TLC as shown in Fig. 1 . XOS from corn hull 

Table 1 
Vari a tion on MRSB - m bac te r ial cul ture me dia. 

Final XOS from Coffee Peel in 
MRSB - m Concentration (%) 

XOS from Coffee 
Peel Solution (mL) 

MRSB - m 
(mL) 

L. 
casei 
(mL) 

Total 
Volume 

(mL) 

0 0 9.0 1.0 10.0 
10 1.0 8.0 1.0 10.0 
20 2.0 7.0 1.0 10.0 
30 3.0 6.0 1.0 10.0 
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Fig. 1 . TLC chro matogram of XOS from cof fee peel. X1 - X6, stan dard, S, XOS 
from cof fee peel, C, the neg a tive con trol (xy lan from cof fee peel that was not 
hy drolyzed). 

were re ported to con tain xy lo biose, xy lotriose, xy lote traose, xy lopen - 
taose, xy lo hexa ose and xilo hep taose. This showed that the hy drol y sis 
process ran domly broke the β - 1,4 - glycoside bonds in the main xy lan 
chain, re sult ing in XOS for ma tion with dif fer ent de grees of poly mer - 
iza tion. Data from the TLC test were con firmed quan ti ta tively with 
HPLC to pro duce a chro matogram ( Fig. 2 .) with a re ten tion time of 
(RT) 1968  min. Com pared with chro matogram data of the stan dard 
(X1 - X6), it was known that the sam ple con tained xy lopen taose (X5) 
with a con cen tra tion of 3.26  mg/ mL. 

3. 2 . XOS from coffee peel fermentation 

Sim i lar bac te r ial growth pro files were ob served de spite ad di tions 
of vary ing con cen tra tions of ad di tion of XOS (10%, 20%, 30%) to the 
bac te r ial cul ture me dia. Bac te r ial growth in creased in the first 12  h of 
in cu ba tion and then grad u ally de creased through out the fi nal 48  h of 
in cu ba tion. In creased growth of L. ca sei was also seen in con trol me - 
dia (O% XOS cof fee peel). These data sup port the find ings of 
Puspaningsih et al. (2008) , who found that the num ber of L. ca sei on 
MRSB con trol me dia (with out XOS) in creased for 12  h, and the num - 
ber was al most con stant un til the 24  h of in cu ba tion. Moura et al. 
(2007) re ported that Lac to bacil lus bac te ria growth in corn hulls XOS - 
supplemented me dia in creased un til 30  h of in cu ba tion. 

L. ca sei showed ex po nen tial growth in the first 12  h of in cu ba tion. 
Dur ing this time, cell di vi sion oc curred rapidly, and mass dou bled. 

The cells then un der went a sta tion ary phase which showed a pro por - 
tional rate of cell growth and cell death. Bac te r ial growth at 12  h was 
in di cated by the to tal colonies of 7.61, 7.94, 8.75, and 8.26 log CFU/ 
mL for each ad di tion of 0%, 10%, 20%, and 30% XOS from cof fee 
peel in the bac te r ial growth medium. Af ter that, the to tal colonies of 
bac te ria grad u ally de creased un til the 48  h of in cu ba tion ended ( Fig. 
3 .). 

Based on the bac te r ial growth pro file ( Fig. 3 ), ad di tion of 20% 
XOS from cof fee peel re sulted in the high est in crease in growth (8.75 
log CFU/ mL) com pared to the ad di tion of 0%, 10% and 30% XOS. It 
could be con cluded that the growth of Lac to bacil lus ca sei could op ti - 
mally grow in me dia con tain ing 20% XOS from cof fee peel. Based on 
the study by Moura et al. (2008) , XOS from agri cul tural waste or com - 
mer cial XOS could in crease the growth of Bi fi dobc terium a nd La to bacil - 
lus bac te ria up to 11.5  h of in cu ba tion, at which point the bac te ria 
would go in a sta tion ary phase. 

The sugar fer men ta tion process by bac te ria would pro duce lac tic 
acid and short - chain fatty acids. Based on the graph in Fig. 4 ., to tal 
lac tic acid titrated from a medium con tain ing 30% of the XOS from 
cof fee peel in creased sig nif i cantly un til the 48  h. It was only 0.16% at 
12  h, but then it in creased rapidly to 0.46% over the next 12  h. Af ter 
24  h, there was no sig nif i cant change. The fi nal fatty acids con tent 
mea sured 0.50% at 48  h. This re sult was the high est when com pared 
with the re sult of bac te r ial growth me dia sup ple mented with other 
con cen tra tions of XOS from the cof fee peel. Me dia with 20% XOS 
showed greater than in other me dia that had a low per cent age of to tal 
lac tic acid and did not change much over time (about 0.19% - 0.25% 
lac tic acid). In con trast, the to tal lac tic acid from the me dia with 0% 
and 10% XOS showed in con sis tent re sults. This re sult could be re lated 
to the fact that fer men ta tion process did not pro duce lac tic acid as the 
fi nal prod uct. Ac cord ing to the ex per i ment by Muora et al. (2008) , 
not all XOS from agri cul tural wastes could pro duce lac tic acid in 
colon bac te ria. The de tec tion of lac tic acid in that study was only at 
11.5  h, there was no lac tic acid de tected af ter ward. Lac tate that was 
formed was ac tu ally an in ter me di ate com pound that would soon be 
con verted into sev eral other or ganic com pounds such as ac etate, pro - 
pi onate and bu tyrate ( Belenguer et al., 2006 ; Cotto and Whitehead, 
1998 ; Duncan et al., 2004 ). Study by Puspaningsih et al. (2008) was 
also showed that the to tal acetic acid was much greater in me dia af ter 
fer men ta tion. 

The level of short - chain fatty acids was an a lyzed with GC - MS 
which re moves short - chain fatty acids from the fer mented me dia. The 

Fig. 2 . HPLC chro matogram of XOS from cof fee peel. 
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Fig. 3 . Lac to bacil lus ca sei growth on growth medium added with dif fer ent con cen tra tion of XOS from cof fee peel. Each value in the panel rep re sents the 
mean  ±  SD. 

Fig. 4 . To tal lac tic acid titrated (TAT) in fer mented me dia con tain ing 0; 10; 20 and 30% of XOS with each time for 12; 24; 36; and 48  h. Each value in the panel 
rep re sents the mean  ±  SD. 

or ganic com pounds that were de tected were or ganic acids with long 
car bon chains, such as tetrade canoic acid methyl es ter, de canoic acid 
methyl es ter, 9 - hexadecenoic acid methyl es ter, and 11 - octadecenoic 
acid methyl es ter. In gen eral, ac etate and bu tyrate were the most 
abun dant or ganic fatty acids pro duced via in - vitro fer men ta tion tests 
( Moura et al., 2008 ). 

This study showed that the pH value of the me dia de creased dur - 
ing in cu ba tion ( Fig. 5 .). The de crease in pH val ues of me dia sup ple - 
mented with 0% and 20% XOS were from 7.10 (0% XOS) and 7.365 
(20% XOS) un til 6.00 and 5.84 by 48  h. Ac cord ing to Parra et al. 
(2015) , a sim i lar pat tern was also ob served in sev eral fer mented me - 
dia for lac tic acid bac te ria that was sup ple mented with ex tract from 
agro - industrial by - products. Mean while, there were ir reg u lar changes 

in pH val ues of me dia sup ple mented by 10% and 30% XOS. The low - 
est pH value of 5.49 was found in the me dia with 30% XOS af ter 24  h, 
though the pH value was in creased to 5.71  at 36  h. The pH value of 
10% XOS in me dia orig i nally mea sured 7.40 and then de creased sig - 
nif i cantly over 12  h to a value of 6.44; 6.29 and 5.85  at 36  h, and 
then a sud den in crease to 5.92. The Ir reg u lar pH changes are caused 
by the for ma tion of am mo nia (NH 4 OH) from NH 3 re sult ing from the 
break down of amino acids from a medium con tain ing meat and yeast 
ex tract. These can in crease the pH value. 

The re duc ing sugar level in the me dia was in flu enced by the in cu - 
ba tion time on the fer men ta tion process by L. ca sei . Based on Fig. 6 , 
re duc tions in me dia sugar lev els de creased over time. This showed 
that L. ca sei uti lized XOS for cell me tab o lism. The pro file on Fig. 6 in - 
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Fig. 5 . The pro file of pH value of fer mented me dia con tain ing 0; 10; 20 and 30% of XOS with each time for 12; 24; 36; and 48  h. Each value in the panel rep re - 
sents the mean  ±  SD. 

Fig. 6 . The pro file of re duc ing sugar lev els in fer mented me dia over time. Each value in the panel rep re sents the mean  ±  SD. 

di cated that the re duc tions in sugar lev els cor re sponded to amounts of 
XOS added to the me dia. Me dia with 30% XOS showed the great est 
re duc tions in sugar lev els (1.38  mg/ mL) when com pared to other me - 
dia, i.e. 1.14  mg/ mL (20% XOS), 1.08  mg/ mL (10% XOS), and 
1.03  mg/ mL (0% XOS). The pres ence of re duc ing sug ars at 0% XOS 
comes from 4 to 10% car bo hy drate con tained in meat and yeast ex - 
tracts in the medium. This study showed that XOS added to cul ture 
me dia was read ily used as a car bon source by L. ca sei bac te ria. This 
ac tiv ity caused a re duc tion in sugar lev els. Even af ter 48  h, af ter the 
fer men ta tion process ended, re duc tions in sugar lev els were still fairly 
high. The rea son for this is the con tin ued pro lif er a tion of bac te ria us - 
ing the avail able food sources in the me dia ( Fig. 2 .). 

4 . Conclusion 

L. ca sei grew best in me dia with car bon sources of 20% XOS from 
cof fee peel. Fer men ta tion by lac tic acid bac te ria pro duced lac tic acid 
and other or ganic acids as prod ucts that could re duce the pH value of 
the me dia. 
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