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Abstract This paper reports on the extraction, partial

characterization and the potential application of crude

polysaccharides from defatted coconut residue as a prebi-

otic. The coconut residue was defatted and extracted to

obtain the crude polysaccharides and its physicochemical

properties were determined. The crude polysaccharides

were assessed for monosaccharide composition, total car-

bohydrate content, reducing sugar concentration and pro-

tein content determination. The functional group and

structural elucidation of crude polysaccharides was also

done using Fourier transform infrared spectra analysis. The

product was then subjected to artificial human gastric juice

treatment to determine digestibility. Finally, an in vitro

proliferation and acid production by two probiotic bacteria

namely Lactobacillus casei Shirota and Lactobacillus

bulgaricus were included in this study. It was found that

the defatted coconut residue contained ash (0.54%),

moisture (55.42%), protein (1.69%), crude fat (17.26%)

and carbohydrate (25.73%). The percentage of crude

polysaccharides extracted was 0.73 ± 0.04. The two frac-

tions of monosaccharides obtained were glucose and

fructose. Total carbohydrate content of DCR was 13.35%

(w/v). The quantitative value of the reducing sugars

obtained was 20.71%. Protein content in the crude

polysaccharides was 0.009% and the peaks which indicated

the presence of protein were observed at around

1640 cm-1 (amide I) and 1530 cm-1 (amide II). DCR

crude polysaccharides were highly resistant (88%) to

hydrolysis when subjected to artificial human gastric juice.

The product was found to markedly stimulate two tested

probiotics to proliferate and produce organic acids. All the

above findings are supportive of the fact that polysaccha-

rides extracted from DCR, an industrial waste, have a vast

potential to be exploited as novel prebiotics.

Keywords Coconut residue � Polysaccharides � Prebiotic
potential � Probiotic proliferation

Introduction

Current trend amongst consumers is towards food products

that promote health and wellness. These food products are

those with benefits beyond basic nutritional needs and at

the same time alleviate risks towards debilitating condi-

tions and chronic diseases (Cencic and Chingwaru 2010).

Foods of this nature is widely being researched by virtue of
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their containing a wide diversity of bioactive compounds.

Of particular interest consumers are attracted to prebiotics

and probiotics which are well known to confer health

benefits over conventional food products (Ares et al. 2009).

Prebiotics are food ingredient which are not digestible but

in the digestive tract they create an environment which

promote the growth of specific probiotic microorganisms.

Apart from activating bacterial metabolites in the intestinal

tract (Charalampopoulos and Rastall 2012) prebiotics also

facilitate bacterial fermentation in the colon (Forssten et al.

2011). Prebiotics are applied in the food industry for the

growth of pure cultures, for the production of functional food

used in veterinary practice to promote growth of young

livestock, as therapeutics, restore unbalanced intestinal flora

and regulate metabolic processes (Roberfroid et al. 2010).

To date most prebiotics are known to be carbohydrates.

These are fructan-type oligosaccharides (Bielecka et al.

2002), soybean oligosaccharide (Su et al. 2007), galac-

tooligosaccharides (Huebner et al. 2007), burdock inulin

(Li et al. 2008), neoagaro-oligosaccharides (Hu et al.

2006), polysaccharides from Gigantochloa levis shoots

(Azmi et al. 2012), kiwifruit pectins (Parkar et al. 2010)

which demonstrated prebiotic activity and have been

claimed to be potential novel prebiotics.

Coconut residue is a by-product waste following

extraction of coconut milk from coconut kernal. Being

nutritionally rich, cultivation of probiotics on this by-pro-

duct could be a solution to transform the inedible waste

into a commodity of high economic value. Utilization of

such by-product which pose a major disposal problem for

the coconut industry and its economic potential is an

approach towards solving environmental pollution (Ng

et al. 2010).

To our knowledge, information concerning the charac-

terization of defatted coconut residue polysaccharides

(DCRP) and their potential application as prebiotics have

not been reported. Hence this study is directed towards (1)

polysaccharides extraction from defatted coconut residue;

(2) analysis of polysaccharides chemical composition; (3)

evaluation of polysaccharides digestibility using artificial

human gastric juice; and (4) investigation on proliferation

and acid production by probiotic bacteria namely as Lac-

tobacillus casei Shirota and Lactobacillus bulgaricus when

cultured on the polysaccharides.

Materials and methods

Supplies

Coconut residue was obtained from a local market in Sri

Serdang (Selangor, Malaysia). Fructooligosaccharides

(FOS, purity C90%, polymerization degree \10) was

purchased from Sigma-Aldrich Co., Ltd. (St. Louis, MO,

USA). de Man, Rogosa and Sharpe (MRS) and Luria–

Bertani (LB) were sourced from Merck (Darmstadt, Ger-

many). Glucose and inulin were obtained from Sigma

Chemical Co. (St. Louis, MO, USA). Ethanol, petroleum

ether, sulfuric acid, phenol, sodium hydroxide, 3,5-dini-

trosalicylic acid (DNS) and all other chemicals used in this

study were of analytical grade and purchased from Merck

(Darmstadt, Germany).

Bacterial strains

Three bacterial strains, Lactobacillus casei Shirota isolated

from Yakult cultured milk drink (Yakult, Malaysia), Lac-

tobacillus bulgaricus isolated from Nestle fruit yogurt and

Escherichia coli (ATCC1129) were used in this study. The

presumptive colonies of the two isolates were identified

using the API 50 CHL micro-identification system and

combination of colony morphology. The two lactic acid

bacteria (LAB) strains and E. coli were stored at -80 �C in

MRS broth and LB broth containing 10% glycerol

respectively, until use. Prior to their assays, the bacteria

were activated according to the procedures described by

Huebner et al. (2008).

Preparation of defatted coconut residue crude

polysaccharides

The coconut residue samples were dried and ground into a

fine powder using a Perten 120 lab mill (Perten, Sweden) to

fine powder (passed through a No. 50 sieve). The extrac-

tion procedure of defatted coconut residue crude polysac-

charides was conducted according to the method by Al-

Sheraji et al. (2012a, b) and Azmi et al. (2012) with minor

modifications. Briefly, the coconut residue was defatted

using 10 times of 80% (v/v) ethanol for 48 h. The defatted

residue was heated to 80 �C in distilled water. The super-

natant was then separated from the residue and concen-

trated to 1/5 of its original volume in a rotary evaporator

(IKA HB� 10 digital, Germany). It was then centrifuged

(Eppendorf, Hamburg, Germany) at 5432 9 g for 10 min

at 25 �C and dialyzed using 12-14 kDa dialysis bags

(Medicell international LTD,UK) against deionized water

at 4 �C for 24 h. The dialyzed solution was then filtered

using Whatmann No. 1, and concentrated to about 1/5 of its

original volume by a rotary evaporator (at 175 MPa and

60 �C). This is followed by adding 5 times the original

volume of 85% (v/v) ethanol at 4 �C for 18 h. The mixture

was then centrifuged at 5432 9 g for 10 min at 25 �C. The
precipitate obtained was then dried and grounded manually

and DCR crude polysaccharides were kept in room tem-

perature until used.
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Physicochemical properties of defatted coconut

residue

Moisture and ash content were determined according to the

method of Association of Official Analytical Chemists

(AOAC 1997). The protein content was estimated using the

Kjeldahl method (Havilah et al. 1977) with a conversion

factor of 6.25. The fat content was determined using Soxtec

method (AOAC 1997) and total carbohydrates (TCO) were

calculated using Eq. (1).

Total carbohydrates (%)

¼ 100� protein content (%)þ crude fat (%)½
þmoisture (%)þ ash (%)�

ð1Þ

Monosaccharide composition of crude

polysaccharides

Coconut crude polysaccharides (CCP) were hydrolyzed

before being assessed for monosaccharide composition.

About 10 mg of each fraction were dissolved in 10 mL

portions of 2 mol/L trifluoroacetic acid (TFA) and

hydrolyzed at 100 �C for 6 h. The mixture was then

evaporated in a rotary evaporator at 60 �C to completely

remove excess TFA from the solution. The hydrolysates

were then dissolved in 1 mL of distilled water. High

performance liquid chromatography (HPLC) (Waters

2696, Milford, USA) was used to determine the quantity

of monosaccharide compositions. The HPLC system was

equipped with Purospher� star NH2 (250 mm 9 4.6 mm,

5 lm) (Merck, Darmstadt, Germany) and a refractive

index detector. The mobile phase composed of acetoni-

trile–water (75:25, v/v) at a flow rate of 1 mL/min was

used and the detection was read after 15 min retention

time (Al-Sheraji et al. 2012a, b). All measurements were

performed in triplicates.

Determination of total carbohydrate contents

Phenol–sulphuric method (Dubois et al. 1956) was used

to determine total carbohydrate contents using glucose as

a standard. Briefly, 2 mL of CCP solution was added to

1 mL of 5% phenol and 5 mL of 95% of sulphuric acid

(H2SO4), vortexed and the mixture placed in a water

bath at 25 �C for 20 min. Absorbance was measured at

490 nm using UV–VIS spectrophotometer (Hitachi U

2810, Tokyo, Japan) (Albalasmeh et al. 2013). Total

carbohydrate content was calculated using a standard

curve of D-glucose.

Determination of reducing sugar of crude

polysaccharides

The method of Robertson et al. (2001) was used to deter-

mine reducing sugar concentration. Briefly 1 mL of CCP

was added to 2 mL of 3,5-dinitrosalicylic acid (DNS),

boiled for 5 min and cooled at room temperature. The

mixture was then topped up with 7 mL of distilled water.

Absorbance was read at 540 nm using UV–VIS spec-

trophotometer (Hitachi U 2810, Tokyo, Japan). Total

reducing sugar was calculated with D-glucose as a standard.

Determination of protein content of crude

polysaccharides

Bradford reagent (Essex, UK) with albumin as a standard

protein (Bradford 1976) was used to determine total protein

concentration. A total of 20 lL of the sample was added to

200 lL of Bradford reagent in a microtiter plate and

incubated at 37 �C for 15 min. Absorbance was measured

at 590 nm.

Fourier transform infrared (FTIR) spectra analysis

The functional group and structural elucidation were

identified using FTIR spectrophotometer (A Nicolet 6700

from Thermo Nicolet Corp., Madison, WI, USA) equipped

with an OMNIC operating system (Version 7.0 Thermo

Nicolet). The sample was prepared by mixing 95 mg of

potassium bromide (KBr) and 5 mg of crude polysaccha-

rides. The mixture was grounded, pelleted, and character-

ized with the spectrum ranging between 500 and

4000 cm-1.

Hydrolysis of coconut residue crude polysaccharides

by artificial human gastric juice

Procedure described by Korakli et al. (2002) was employed

to evaluate hydrolysis of CRCP by artificial human gastric

juice. FOS was used as a positive control. Crude polysac-

charides obtained from coconut residue was dissolved in

distilled water to make a 1% (w/v) solution. Artificial

human gastric juice was prepared as follows: 8 g of NaCl,

0.2 g of KCl, 8.25 g of Na2HPO4�2H2O, 14.35 g of

NaHPO4, 0.1 g of CaCl2�2H2O and 0.18 g of MgCl2�6H2O

were dissolved in distilled water to make a 1000 mL

solution. The pH of the solution was adjusted to 1, 2, 3, 4

and 5 using 6 M HCl, respectively. Subsequently 5 mL of

the solution at each pH was added onto 5 mL of CRCP

(Korakli et al. 2002). The reaction mixture was incubated
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in a water bath at 37 �C for 6 h. 3 mL of the reaction

mixture was collected at 0 and 30 min and 1, 2, 5 and 6 h

to determine the reducing and total sugar. The degree of

hydrolysis of samples were calculated according to the

Eq. (2) as follows:

Hydrolysis degree ð%Þ

¼ Reducing sugar released

Total sugar content� initial reducing sugar content
� 100%

ð2Þ

where reducing sugar released was the difference between

its final and initial content.

Proliferation and acidifying activity of probiotics

on DCR crude polysaccharides

Lactobacillus casei Shirota and Lactobacillus bulgaricus,

as probiotics and E. coli as a potential pathogenic control

of prebiotic activity were used to investigate the prolifer-

ative effect of DCR polysaccharides. Carbohydrate-free

MRS and LB broths were used as basal culture media and

blank controls for Lactobacillus sp. and E. coli, respec-

tively while glucose (as a monosaccharide) and inulin (as a

polysaccharide) were used as positive controls. The car-

bohydrates (glucose, inulin, DCR) were filter-sterilized and

added to the sterilized basal media (carbohydrate-free MRS

and LB) to make final concentrations of 0.25, 0.5 and 1%

(w/v). The media were inoculated with 1 9 106

CFU mL-1 of the probiotics and incubated at 37 �C
anaerobically in 85% N2, 10% CO2 and 5% H2. Bacterial

numbers and pH of the medium were determined after

incubation for 0 h, 24 h and 48 h. Bacterial enumeration

was performed as follows: One milliliter of the culture was

transferred to sterile test tubes and serially diluted with

sterile 1% (w/v) Ringer solution (Merck, Darmstadt, Ger-

many). 100 lL of each dilution was then spread on the

plates of MRS agar and anaerobically incubated at 37 �C
for 48 h. Bacteria counts were expressed in colony forming

units per milliliter (CFU mL-1). The increase of bacterial

numbers between 0 and 48 h was calculated according to

the Eq. (3).

Increase of bacterial number ¼ log B� logA ð3Þ

where A is the bacterial number at 0 h (CFU mL-1) and B

is the bacterial number after incubation for 48 h

(CFU mL-1).

Statistical analysis

Each experiment was repeated three times and the results

were reported as ±standard deviation (SD) of triplicate

independent extractions. Data obtained were analyzed by

one-way ANOVA using Minitab Software Version 16.0

(Minitab Inc., USA). All statistics were based on a confi-

dence level of 95%, and P\ 0.05 were considered statis-

tically significant.

Results and discussion

Chemical compositions of defatted coconut residue

The chemical composition of DCR is shown in Table 1.

The percentage of ash in DCR was low (0.54%) which was

an indication of low mineral content especially the macro-

minerals. The moisture content was 55.42% which was

higher (50.26%) compared to a previous study which could

be due to the high water-holding capacity, water retention

and swelling capacity (Ng et al. 2010). The protein content

was 1.69% which was lower compared to that of fruits and

vegetables (2.70–24.9%). The crude fat content of DCR

was 17.26% which was higher than that of fruits and

vegetables (0.5–10.9%) reported by Grigelmo-Miguel and

Martin-Belloso (1999). The carbohydrate content of DCR

was 25.73% which was lower than that of fruits and veg-

etables. Most fruits however showed higher carbohydrate

contents ([72.3%) compared to vegetables with the

exception of apples which contain only 25.8% carbohy-

drate (Ng et al. 2010). Overall, these observed variations in

composition values might have resulted from geographic,

climatic and seasonal variations.

Monosaccharide composition of DCR crude

polysaccharides

SI. 1 (see supplementary information) shows the

monosaccharide composition of DCR crude polysaccha-

rides which comprised of two monosaccharides—glucose

and fructose—with concentration fractions of 1.66 and

19.16%, respectively. Previous study showed that the yield

and composition of soluble polysaccharides are strongly

dependent on the extraction conditions such as temperature

and time (Graham et al. 1988). For several polysaccharides

there was generally no sharp distinction between soluble

Table 1 Chemical compositions of defatted coconut residue

No. Parameters Percentage (%)

1 Moisture content 55.42 ± 0.25

2 Ash content 0.54 ± 0.02

3 Crude protein content 1.69 ± 0.01

4 Crude fat content 17.26 ± 0.29

5 Total sugar as carbohydrate 25.73 ± 0.11

Each value in the table represents the mean ± standard deviations

(SD) from three replicates
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(or extractable) and insoluble fractions. The ratio between

the two was dependent on conditions used (e.g., physical

treatment, enzymatic treatment, temperature and time) in

the solubilisation procedure. Thongsook and Chaijamrus

(2014) reported that the major monosaccharides of coconut

meal are mannose, followed by glucose, galactose and

some other sugars. Khuwijitjaru et al. (2012) revealed that

carbohydrate in the coconut meal contained mannose,

glucose, galactose and small amount of arabinose.

Total carbohydrate content, reducing sugar

and protein content of DCR crude polysaccharides

The percentage of crude polysaccharides extracted in this

study was 0.73 ± 0.04. Extraction yields usually depended

upon the ratio of water to raw material, extraction tem-

perature and time (Cai et al. 2008). Total carbohydrate

content of DCR after milk extraction in this study was

about 13.35% (w/v) which is lower than that 18.8% of total

sugar after extraction of oil reported by Yalegama and

Chavan (2006). The extraction methods could be affected

to the content of total carbohydrate as other compounds,

apart from polysaccharide, reducing sugar and protein are

easier to solubilise by hot water extraction and in some

cases it was found that the highest yield of crude

polysaccharides will achieve with the lowest content of

total carbohydrate (Thetsrimuang et al. 2011). The quan-

titative value of the reducing sugars obtained was

approximately 20.71%. Protein content in the DCR crude

polysaccharides is in a minute, about 0.009%. This could

be due to heating the extracted crude polysaccharides using

rotary evaporator (Azmi et al. 2012).

Fourier transform infrared (FTIR) spectra analysis

FTIR analysis results are presented in SI. 2. The absorption

near 894.8 cm-1 was caused by b-type glycosidic bond

while the absorption exhibited in the region of 843.2 cm-1

was caused by a-glycosidic band. It has been reported that

C–H bond in a-style usually exhibited an absorption band

nearby 844 cm-1 in IR spectra, while C–H bond in b-style
usually exhibited an absorption band near 891 cm-1 (Chen

et al. 2006). The two absorption bands near 843.2 and

893.8 cm-1 indicated that the sugar units were linked by

both a-glycosidic bond and b-glycosidic bond. The band at

1093.2 cm-1 spectrum of the sample under study were due

to C–O vibrations. The absorption at 1154.6 cm-1 was due

to C–O ester groups. The absorption band at 1247.0 cm-1

was attributed to the C–O stretch in carboxyl group while

the absorption between 1400.9 and 1466.2 cm-1 is due to –

CH deformation modes. 1747.3 cm-1 represented the ester

bond C=O. CH2 absorption occured at 2854 cm-1. The

band in the region of 2924.9 cm-1 was attributed to C–H

stretching vibration which was regarded as characteristic

absorption of polysaccharides.

In general, the peaks which indicated the presence of

protein were observed with absorption at around

1640 cm-1 (amide I) and 1530 cm-1 (amide II). The

presence of these bands in the spectra resulted from pro-

teins which were covalently bound to polysaccharides or

may resulted from protein impurities (Synytsya et al.

2009). Amide II band which was due to bending vibrations

of N–H groups and was used for estimation of protein

content in DCR crude polysaccharides. Therefore, the

protein content in DCR crude polysaccharides was low

which confirmed the above mentioned finding.

Hydrolysis of crude polysaccharides by artificial

human gastric juice

The degree of hydrolysis of crude polysaccharides as a

function of time was determined after incubation with

artificial human gastric juice and the results are as shown in

Fig. 1. According to the requirement of a prebiotic, the

product should not be hydrolyzed by gastric acid to enable

the product to reach the intestine to facilitate the prolifer-

ation of probiotics. The degrees of hydrolysis after 6 h of

incubation at pH 5, 4, 3, 2 and 1 were 6.97, 8.11, 8.85, 9.63

and 12.03% respectively. Similar to FOS, DCR crude

polysaccharides was also resistant to human gastric juice

(88%) and its degree of hydrolysis had a significantly

negative correlation with its pH. For example, after incu-

bation at pH 5 and 1 for 6 h, the degree of hydrolysis of

crude polysaccharides were 6.97 and 12.03% respectively.

Degree of hydrolysis as observed in this study increased

with decreased pH from 5 to 1. At low pH, the degree of

hydrolysis is higher than at high pH. The reason for this

was probably due to the glycosidic bond being more easily

ruptured at low pH and resulted in partial hydrolysis of the

polysaccharides. Incubation time also affected the degree

of hydrolysis as a longer duration of incubation was con-

ducive for more polysaccharides to be degraded to mono-

and di-saccharides in acidic conditions (Wang et al. 2015).

The digestibility of polysaccharides during the first two

hours was high especially at pH 1 and 2. According to

Wichienchot et al. (2010), food is usually retained in the

stomach for about 2 h where gastric juice at pH 2-4 is

secreted. Based on the results of the digestibility study, it

can be deduced that when coconut crude polysaccharides

are consumed, about 88% of the product at pH 1 reached

the intestine after 2 h. This percentage is lower compared

to FOS which is about 98%. Food generally passes through

the human digestive tract within 4 h. Hence there is a

possibility that most of DCR crude polysaccharides

reached the intestine and then utilized by resident

probiotics.
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Proliferation of probiotics on DCR crude

polysaccharides

Results on proliferation of probiotics on DCR crude

polysaccharides are presented in Table 2. The two tested

LAB could utilize DCR crude polysaccharides as the pro-

liferation of Lb. casei Shirota and Lb. bulgaricus in all

conditions studied was higher compared to that of control.

proliferation of Lb. casei Shirota significantly increased

with increased concentrations of glucose, inulin and DCR

crude polysaccharides from 0.25 to 1.0%. The proliferation

of the probiotics could be due to the solubility of the

polysaccharides since good water soluble carbohydrates

could be utilized readily, rapidly and completely by pro-

biotics (Montagne et al. 2003). Moreover, it has been

reported that the monomeric composition, polymerization

degree and type of glycosidic linkages could affect the

growth of probiotics (Hernandez–Hernandez et al. 2012).

Proliferation of Lb. bulgaricus was the highest in car-

bohydrate-free MRS supplemented with glucose in all

concentrations. DCR crude polysaccharides enhanced the

proliferation of Lb. bulgaricus as evidence by increased

bacterial population from 5.81 to 6.12 log CFU mL-1 at

0.25–1% concentration. However proliferation was slightly

lower compared to media supplemented with inulin at 1%.

Proliferation of Lb. bulgaricus in media supplemented with

0.25% of DCR crude polysaccharides and inulin showed no

significant different (P[ 0.05). The proliferation of the Lb.

bulgaricus in all media at 0.5 and 1% was significantly

different (P\ 0.05). The proliferation of Lb. bulgaricus in

the media supplemented with inulin shows slightly lower

proliferation after 48 h as compared to DCR crude

polysaccharides and glucose. This finding is in accordance

with the report by Wichienchot et al. (2010) who claimed

inulin enhanced the growth of probiotic strains but had

slightly lower activity as compared to glucose. Hence

proliferation of probiotic bacteria on DCR crude polysac-

charides was comparable to commercial carbohydrate such

as inulin.

There were no significant difference (P[ 0.05) in the

proliferation of E. coli in carbohydrate-free LB medium

supplemented with 0.25%, glucose and DCR crude

polysaccharides while the proliferation in all media sup-

plemented with 0.5 and 1% carbohydrates were signifi-

cantly different (P\ 0.05). This finding concur with that

of Al-Sheraji et al. (2012a, b).

Proliferation of probiotics in DCR crude polysaccha-

rides could possibly be explained by one of the following.

The sugar content of polysaccharide prebiotics could affect

the proliferation of probiotics. The molecular weight of

DCR crude polysaccharides was another important factor

which could influence accessibility of a carbohydrate pre-

biotic to probiotics. It has been generally accepted that the

proliferation of probiotics was far more superior on non-

digestible carbohydrate with low molecular weight. The

composition of monosaccharides could also influence the

effect of carbohydrate on probiotic proliferation. Under

normal circumstances a carbohydrate prebiotic contained

fructose, glucose, galactose and xylose (Manning and

Gibson 2004). DCR crude polysaccharides also contained

glucose and fructose which facilitated probiotic prolifera-

tion. Another factor which contributed towards different

prebiotic effects was the different molar ratio of

monosaccharides. Finally, solubility could also be an

important factor as good water-soluble carbohydrates were

more readily, rapidly and completely utilized by probiotics

(Montagne et al. 2003).

A requirement to qualify as a prebiotic is the ability of

the product to selectively stimulate the proliferation of

beneficial intestinal bacteria and at the same time suppress

the proliferation of pathogenic bacteria. In this study it was

observed that the proliferation of E. coli varies according to

the supplementation of media with different carbohydrates.

Lb. casei Shirota showed a much proliferation rate com-

pared to E. coli. It is evident from this study that crude

polysaccharides could suppress the proliferation of E. coli.

Fig. 1 Effect of artificial human gastric juice on hydrolysis of

defatted coconut residue crude polysaccharides
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However, Lb. bulgaricus showed results similar to that of

E. coli especially with 1% concentration of inulin and DCR

crude polysaccharides.

Acidifying activity of probiotics on DCR crude

polysaccharides

Figure 2 showed the acidifying activity of Lb. casei

Shirota, Lb. bulgaricus cultured in three carbohydrate-free

media each supplemented with inulin, glucose and DCR

crude polysaccharides compared to that of E. coli ATCC

1129. Results showed that the proliferation of the above

mentioned probiotics varied depending on the types and

concentrations of prebiotics used in the basal media. The

acidifying activity of the probiotic strains increased with

the increased concentration of prebiotics. For Lb. casei

Shirota acid production in the media supplemented with

DCR and inulin are the same in all concentrations of

carbohydrates. Minimum pH of *4 was observed 48 h

following incubation for all media supplemented with 1%

of carbohydrates. On the other hand, types of media and

the concentration of carbohydrate influenced the produc-

tion of acid by Lb. bulgaricus where minimum pH of

*4.8 was observed in the media supplemented with 1%

glucose. Acidifying activity of E. coli increased with

increased concentration to 1% of carbohydrates; however

the level of acid production are the same in all the media.

The types of media do not have any significant influence

on the acidifying activities. Although the acidifying

activity of E. coli is increased up to a certain level

in vitro, the low pH in the intestine is however due to

production of lactic acid and acetic acid by LAB which

restrict or inhibit the growth of E. coli and many other

pathogenic bacteria (Cruz-Guerrero et al. 2014; Nadour

et al. 2015).

From the above data, the acidifying activity increase

with the increase in the number of bacteria and the increase

concentration of carbohydrate. The reduced pH could be

due to the production of organic acid from the microbial

fermentation of carbohydrates. This minimum pH values

not only reflect the acidifying activity of the tested bacte-

rial strain but also the utilization of the carbohydrates by

the specific strain. In this respect polysaccharides were

metabolized by the bacteria to produced some short-chain

fatty acids which led to the drop of pH in the media.

Results from this study indicated that an appropriate pre-

biotics should be selected for each probiotic strain for

increased acidifying activities. It was reported that prebi-

otic effect of polysaccharides may be due to the structural

features such as molecular weight, monosaccharide com-

position and chain conformation. However, the exact

mechanism underlying the prebiotic effect exerted by

polysaccharides is still not fully understood (He et al. 2015;

Wang et al. 2015).

Conclusion

This study demonstrated that DCR crude polysaccharides

were resistant to artificial gastric juice and not only stim-

ulated the proliferation of the tested probiotics but also

increased their acidifying activity in vitro. Thus, the ability

of DCR crude polysaccharides to be metabolized by Lac-

tobacillus casei Shirota and Lactobacillus bulgaricus,

Table 2 Proliferation of probiotic on DCR crude polysaccharides after 48 h incubation at 37 �C

Carbohydrate Concentration

(%)

Lb. casei

Shirota

Lb.

bulgaricus

E. coli

ATCC 1129

Blank control (carbohydrate-free MRS and LB broth) – 5.17 ± 0.19df 0.00 ± 0.00cg 5.81 ± 0.07ce

Positive control: glucose (carbohydrate-free MRS and LB

broth ? glucose)

0.25 5.38 ± 0.17ag 6.08 ± 0.05af 6.08 ± 0.012ae

0.5 5.46 ± 0.09ag 6.30 ± 0.14ae 6.08 ± 0.02bf

1.0 8.47 ± 0.03be 6.71 ± 0.09af 5.79 ± 0.05cg

Positive control: inulin (carbohydrate-free MRS and LB broth ? inulin) 0.25 5.29 ± 0.05cg 5.69 ± 0.21bf 6.00 ± 0.14be

0.5 5.38 ± 0.011cg 6.24 ± 0.07be 6.01 ± 0.03cf

1.0 8.72 ± 0.09ae 6.32 ± 0.14bf 6.38 ± 0.06af

DCR crude polysaccharides (carbohydrate-free MRS and LB broth ? DCR

crude polysaccharides)

0.25 5.35 ± 0.02bg 5.81 ± 0.16bf 6.11 ± 0.08ae

0.5 5.41 ± 0.12bg 6.10 ± 0.7cf 6.12 ± 0.12ae

1.0 8.80 ± 0.10ae 6.12 ± 0.13cg 6.15 ± 0.13bf

Means (±standard deviation) with the small letter (within and between each bacterial strain) were significantly different at P\ 0.05 according to

Duncan’s multiple range test
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supporting its potential prebiotic activity. Although the

capability of probiotics to utilize certain carbohydrates

in vitro gave some indication whether the probiotic strain

may succeed or not under given conditions, a final con-

clusion could only be achieved based on in vivo

experiments.

Fig. 2 Effect of DCR crude polysaccharides on acidifying activity of probiotics; a Lb. casei Shirota, b Lb. bulgaricus compared to pathogenic,

c E. coli ATCC 1129
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