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ABSTRACT

Kefiran is functional exopolysaccharide that can be used asstabilizers and also has
antimicrobial properties. However, the production costs of kefiran are high, mainly due to
the high cost of fermentation media. Therefore, utilizing byproducts from agro-industries
would be economically attractive. Mature coconut water (MCW) and whey lactose (WL) are
byproducts from industries that could be as low-cost nutrient sources for kefiran production
by L. kefiranofaciens.lt was found that MCW was a good nutrient source for kefiran
production as it gave high kefiran yield comparable to that obtained from pure sugars. The
optimal conditions for kefiran production from MCW were: sugar concentration of 50 ¢/L and
controlling pH at 5.5 during fermentation to reduce the inhibitory effect from acidic pH and
lactic acid. The maximum dry cell weight and kefiran production were 3.10 ¢/L and 2.23 ¢/L,
respectively. The sugar consumption and total acid production were also as high as 98%and
5.59%, respectively. These results indicate that MCW could be used as a suitable low-cost

nutrient source for kefiran production.
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INTRODUCTION

Lactic acid bacteria (LAB) that produce exopolysaccharides (EPSs) play a major role
throughout the dairy industry because of their contribution to the consistency of fermented
milk products, such as yoghurt, cheese, kefiretc. The EPSs can be considered as natural bio-
thickeners because they are produced by LAB, which are considered as Generally
Recognized As Safe. EPSs from LAB is kefiran, a type of water soluble polysaccharide that is
produced by L. kefiranofaciens [1]. Kefiran is a repeating structure that consists of equal of
glucose and galactose [2, 3]. Some researchers reported that kefiran with different chemical
structure could be by changing the composition of medium [4]. The optimization of kefiran
production generally proceeds via the determination of the best carbon source suitable for
cell growth and kefiran production. Suitable carbon sources can be either complex or simple
such as sglucose, sucrose, fructose, xylose and lactose. Many studies attempted the
development of an industrial medium for kefiran production. The present work focused on
the development of low-cost production medium for kefiran production byL. kefiranofaciens
JCM 6985.

Thailand produces large volumes of mature coconut water (MCW) as a waste from
the coconut milk industry and most of it is discarded into the drain. The amount of mature
coconut water in Thailand was reported to be nearly 200,000 tons per year and the amount
is rising yearly due to the increasing number of products made with coconut milk as an
ingredient for export [5]. As MCW contained high amount of sugars, trace elements and
nitrogen as minor components, it is considered as a good substrate for microbial cultivation
[6-9]. Whey lactose (WL) is a waste from cheese production that represents a major
pollution problem for countries depending on the dairy economics. As it contains high
amount of lactose, it is also considered as a carbon source for microorganisms [10-12]. The
utilization of MCW and WL as low-cost substrates for kefiran production could reduce the

production cost of kefiran and value add the industrial wastes.

LITERATURE REVIEWS

1. Kefiran structure of kefiran consists of almost equal amounts of glucose and
galactose (glucogalactan). This carbohydrate polymer was first isolated from kefir grain by
have mainly produced by L. kefir sp. In its structure a repeating Penta saccharide unit is
observed that displays in random positions one to two monosaccharide branches.

2. Influencing factors for kefiran production Carbon source: carbon sources are a
very important component of cultivation medium. Since it is generally used as source for
energy, microbes to growth cell and biosynthesis of kefir.[3]Studied kefiran production by

mix culture form kefir grains. Using fresh milk as a culture medium and add a variety of
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carbon sources at 50 ¢/l of fructose, glucose, sucrose and lactose. It was found that addition
of carbon source to lactose resulted in the highest increase weight of kefir grain about 12 g/l
and kefiran product to 4.3% about 0.53 g/L of weight’s kefir grain. The results show that dry
cell weight and kefiran product are the highest in case of lactose addition, which is probably
due to the consumption of galactose (produced in lactose hydrolysis) required for kefiran
biosynthesis.

Nitrogen source: nitrogen source is generally known for supporting cell growth and
kefiran production. Nitrogen sources used in microbial cultures contain both organic nitrogen
sources, such as yeast extract, triton and amino acid components, such as proteins and
inorganic nitrogen sources, such as ammonium salts and nitrate salt. [13] Studied
Development of cultivation medium for high yield kefiran production by Lactobacillus
Kefiranofaciens was obtained in 50 ¢/| lactose supplemented culture, pH initial 5.5, 30 °C, 72
hour by various yeast extract, peptone, extracts and casein hydrolysis. It has been found
that yeast extract is a suitable nitrogen source for Kefiran production, followed by Peptone
casein hydrolysis. Yeast extract produce kefiran about 0.71 ¢/l. In addition, the research
studied the concentration of yeast extract differently on cell growth and Kefiran production
by ranged from 0 to 14 ¢ /l. The results showed that the production of Kefiran significantly
at the concentration of 0-12 ¢ / L, the highest yield of Kefiran was 1.25 ¢ / L at 12 ¢/l the
concentration.

pH: Cheirsilp et al [14] found that cultivating L. kefiranofaciens JCM 6985 in Man-
Rogosa Sharpe Lactose (MRSL) medium containing pH 5.5 ranged. It’s ranged sutible for
kefiran product which follow Taniguchi et al. (2001) was found that the cultivation of L.
kefiranofaciens JCM 6985 in MRSL medium pH 5.5 Kefiran product up to 460 and 650 mg/l.
The results of L. kefiranofacie as well as Wang et al. (2008) study on the effect of pH on
kefiran production by L. kefiranofaciens JCM 6985 with pH in the range of 3.0- 8.0 found that
pH below 3.0 or more than 8.0 was not cell growth. For the production of Kefiran it was

found highest kefiran production at pH 5.5 which was 0.46 ¢ / L.

OBJECTIVES
1. To use low-cost mature coconut water and whey lactose as nutrient sources for
kefiranproduction.

2. To optimized culture condition for kefiran production.

RESEARCH SCOPE
This research compared the cell growth and kefiran production of Lactobacillus
kefiranofaciens JCM 6985 when cultivated using mature coconut water and whey lactose.

The technical and economical results were compared with the use of pure sugars. The
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effects of sugar concentration and pH control on cell growth and kefiran production were

investigated.

MATERIALS AND METHODS

Microorganism

Microorganisms Lactobacillus kefiranofaciens JCM 6985, which was used to produce
kefiran in this study, was obtained from Japan Collection of Microorganisms, RIKEN, Japan.
The cultures were stored at -20 °C in 30% glycerol until required and were reactivated in
commercial Man-Rogosa Sharpe (MRS) broth medium at 30 +2 °C and an initial pH of 5.5for
48 h.

Medium

Modified MRS medium was composed of 20 g/L tryptone, 20 ¢/L meat extract, 10 g/L
yeast extract, 30 g¢/L glucose, ImL/L polysorbate 80, 4 g/L tri-ammonium citrate, 5g¢/L
sodium acetate, 0.58 magnesium sulphate, 0.28 ¢/L manganese sulphate, 0.74 calcium
chloride and with an initial pH of 5.5. The medium for kefiran production was modified MRS-
whey lactose medium in which glucose was replaced by whey lactose (WL). The mature
coconut water (MCW) was used directly without other nutrient supplementation. The main
compositions (g/L) of the mature coconut water employed in this study were fructose, 6.4
glucose, 16.7 and sucrose 11.5 and protein 0.11.

Culture conditions

The seed culture of L. kefiranofaciens JCM 6985 was inoculated into 100 mL of
modified MRS medium with various carbon sources including glucose, lactose and whey
lactose at sugar concentration of 30 ¢/L and incubated at 30°C for 120 h. The cultivation was
performed anaerobically and slowly stirred by a magnetic stirrer. Mature coconut water was
filter-sterilized and added with glucose to adjust the initial sugar concentration up to 50,
70¢/L. The pH was controlled at 5.0-5.5 by adding 10.0 M NaOH during cultivation.

Analytical methods

Cell concentration was measured based on an optical density at 660 nm (OD660).
Cell dry weight was determined [14] as follows:the culture broth was centrifuged in 4 mL
eppendorf at 10,000 rpm for 10 min to precipitate the cells, the cell precipitate was washed
2 times with distilled water. Extracellular kefiran in the supernatant named as broth kefiran
was precipitated by the addition of the same volume of cold ethanol (-20 °C) as that of the
sample and then centrifuged at 10,000 rpm, 4 °C for 10 min. The precipitate was re-
dissolved in distilled water. To remove any remaining undissolved materials, the solution
was centrifuged (at the same speed as above) and the clear supernatant was again
precipitated in the same way. The resulting precipitate was re-dissolved in hot distilled
water. Broth kefiran was then quantified calorimetrically by adding 1 mL of anthrone reagent

reagentto 0.1 mL of the broth kefiran solution. The reaction mixture was incubated for 10
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min at 100 °C and cooled to room temperature. The absorbance at 620 nm was measured.
The concentration of broth kefiran was calculated using the standard curve of lactose. The
kefiran surrounding the cells named as capsular kefiran was extracted from the cells by
boiling in distilled water at 100 °C for 30 min. The mixture was centrifuged, the clear
supernatant was decanted, and the amount of capsular kefiran in the supernatant was
measured using the same method. The total kefiran was the sum of broth and capsular
kefiran. The concentration of total sugar was calculated using the standard curve of glucose.

The total acid was determined as titratable acidity

RESULTS AND DISCUSSION

Effect of various carbon sources on cell growth and kefiran production

Carbon source is considered as important component in the cultivation medium,
since it is used as an energy source for cell growth and production of kefiran. The cell
growth and kefiran production were determined using four types of carbon source. Fig. 1
shows effect of different carbon source on growth, kefiran production, pH, total acid (TA, %)
and total sugar consumption by L. kefiranofaciens JCM 6985. It was found thatL.
kefiranofaciens JCM 6985 could grow on whey lactose (WL) and mature coconut water
(MCW) comparable to those grown on glucose and lactose. The obtained dry cell weight
were in the range of 2.2-2.7 g /L. It should be noted that MCW could be used without the
addition of other nutrients possibly because MCW also contained vitamin B12, amino acids
and many minerals such as phosphate that can promote the bacterial growth [16]. For
kefiran production, lactose, WL and MCW gave the highest kefiran production of about 1.82-
1.96 g¢/L. While glucose gave low kefiran of 1.29 g/L. Although lactose has been reported
that it was suitable for kefiran production [16], its price is still high.
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Fig. 1 Effect of different carbon source on growth, kefiran production, pH, total acid (TA, %)
and total sugar consumption by L. kefiranofaciens JCM 6985.

Fig. 2 shows the yields of dry cell weight and kefiran. MCW gave the highest dry cell
weight yield of 0.09 g-cell/g-kefiran. MCW also gave comparable kefiran yield to those of
lactose. When comparing the cost of carbon source for kefiran production, MCW required
the lowest cost of 1.05 Baht/g-kefiran, while the cost of modified MRS- glucose, lactose, and
WL and other nutrients in MRS were as high as 81.55, 59.39 and 62.20 Baht/g-kefiran,
respectively (Table 1).The cost of MRS medium was high due to the high prices of complex
nitrogen sources. In the economic analyses, the cost of peptone, yeast extract and beef
extract was estimated to be over 30% to the total production cost [17, 18]. Therefore, MCW

was selected as the most cost-effective carbon source for kefiran production
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Fig. 2 Comparative effect of different carbon sources on dry cell weight yield (g/g) (a) and (b)

kefiran yield (¢/g) by L. kefiranofaciens JCM 6985. Data were taken after submerged

cultivations for 120 h.

Table 1 Effect of carbon source on kefiran production and cost analysis

Carbon source Kefiran (g/L), A Cost of carbon Cost of Cost of kefiran
(sugar 30 ¢/L) source (Baht/L), B modified (Baht/g-kefiran),
MRS (B+C)/A
(Baht/L), C
Modified MRS- 1.29 3.2 102 81.55
Glucose 1.96 144 102 59.39
Modified MRS-Lactose 1.82 11.2 102 62.20
Modified MRS-Whey 1.91 2.0 - 1.05

lactose

Coconut mature

Effect of initial sugar concentration and pH control on cell growth and kefiran

production

To increase kefiran production from mature coconut water, glucose was added to

vary the initial sugar concentration at 30-70 g¢/L and filter-sterilized before cultivation. The

initial pH was 5.5. The results are shown in Fig. 3. The dry cell weight using three levels of

initial sugar were in the same range of 2.3 to 2.7 ¢/L. For kefiran production, sugar

concentrations of 30-50 ¢ /L gave the highest kefiran production of about 1.91-1.99 ¢/L.

While sugar concentration of 70 g¢/L gave lower kefiran of 1.45 ¢/L. It was found that the pH
decreased rapidly in 24-48 h from pH 5.0-5.5 to 3.6-3.8, which was caused by lactic acid

production. The sugar concentration of 50 g/L gave the highest total of acid 2.10 %. When

using initial sugar 30 ¢/L, the residual total sugar was only 1.48 ¢/L. But when using high
initial sugar of 50 ¢/L and 70 ¢/L, the residual sugars were as high as 6.69 ¢/L and 24.03 ¢/L,

respectively. The lower kefiran production and lower sugar consumption could be explained
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by substrate inhibition at high concentration. The kefiran production in this study was higher
than those previously reported by Wang et al. [4lwho used 100 g¢/L of glucose as source for
kefiran production byL. kefiranofaciens JCM 6985 and found that the kefiran production was
only 1.60 ¢/L. Kongruang [16] evaluated the effect of sucrose concentration at 20-60 ¢/L, but

the maximum kefiran production was only 0.83 g/L.

(a) Sugar concentration at 30 ¢/L (b) Sugar concentration at 50 ¢/L
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Fig. 3 Effect ofinitial sugar concentration on growth, kefiran production, pH, total acid (TA, %)
and total sugar consumption by L. kefiranofaciens JCM 6985 under condition without pH

control.

Generally, L. kefiranofaciens JCM 6985 produces lactic acid as growth-associated
product, which decreases the culture pH. The acidic pH could inhibit cell growth and kefiran
production. Therefore, the pH control during cultivation was attempted. Fig. 4 shows the
effect of initial sugar concentration on growth, kefiran production, pH, total acid (TA, %) and
total sugar consumption by L. kefiranofaciens JCM 6985 under pH control. The results
showed that pH control enhanced cell growth and kefiran production. At initial sugar
concentration of 50 ¢/L, the maximum dry cell weight obtained was 3.10 ¢/L and kefiran
production was 2.23 g/L. The sugar consumption and total acid production were also as high
as 98% and 5.59%, respectively. Cheirsilp et al. [20] studied the effect of pH control on
kefiran production by L. kefiranofaciens JCM6985 using 100 ¢/L lactose and found that the
cells grew and gave maximum dry cell weight of 5.5 ¢/L and kefiran production of 2.50 g¢/L.
Suwannee [21] studied the kefiran production by L. kefiranofaciens JCM6985 using lactose at
a concentrations of 20 g¢/L and pH control at 5.0-5.5 and found that the obtained dry cell
weight was 3.16 ¢/L and kefiran production was 1.69 ¢/L, which was higher than those
without pH control. Therefore, it could be concluded that pH control could alleviate the

inhibitory effect of acidic pH and improved cell growth and production of kefiran.

~ 970 ~



MsYUsE AT INISIaUeRAIIUITESEAUTIF ATIT 2 “GRADUATE SCHOOL CONFERENCE 2018”

a) Sugar cor;centration at 30 g/L b) Sugar concentration at 50 ¢/L

80 p

80
1 70
1 60
1 50
1 40
1 30
1 20
1 10

Dry cell weight (g/L)
Kefiran production (g/L)
PH,TA (%)

PH,TA(%)

Dry cell weight (g/L)
(1/6) 1ednsejo]

Kefiran production (g/L)

5
a4
3 b
2
1
0

5
a4
3 kb
2
1
0

0 24 48 72 96 120
Time (h)

¢) Sugar concentration at 70 ¢/L

Dry cell weight B an

— Total sugar —@— TA%)

Dry cell weight (g/L)
PH,TA(%)

Kefiran production (g/L)
(1/6) 1ednsejo]

6
5
a4
3 L
2
1
0

0 24 a8 72 96 120
Time(h)

Fig. 4 Effect ofinitial sugar concentration on growth, kefiran production, pH, total acid (TA, %)

and total sugar consumption by L. kefiranofaciens JCM 6985 under condition pH control.

CONCLUSIONS

This study demonstrated that mature coconut water (MCW), a byproduct from
coconut milk industries, could be used as low-cost nutrients for kefiran production. A
moderate sugar concentration of 30-50¢/L in mature coconut water was suitable for both
cell growth and kefiran production. The control of pH at 5.5 during fermentation could
alleviate inhibitory effect from acidic pH and enhanced cell growth and kefiran production.

These results indicate the promising approach to economically produce kefiran.
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