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ABSTRACT

Serum is known to be an essential evil for growtti development of any animal cells during culturiAiernative
serum replacement may be very costly, but becausery close composition of coconut water with sgrwe first
time have evaluated growth of BHK cell line in aogbwater and serum as well. We find that cocoratewcan be
used for growth of animal cell also but along witlixture. In coconut water, the growth rate of BH&I dine was
0.205 x 16 cells/ml/hrs while in 10% FBS the growth rate iag19 x 16 cells/ml/hrs. Media were optimized
further for increasing overall cell growth rate. &tefore, optimized media containing coconut watsingl Lyg
design of Taguchi Design Of Experiment (DOE) methagy with seven media components such as FBS, Cell
number, Coconut water, pH, Folic acid, rotation esgeand NaHC® and finally we obtained the optimized
conditions for overall growth of cells with 28% impement in growth of cells BHK-21/c13 cell line.

Keywords: Coconut Water, DMEM, FBS, BHK-21/C13 cell line, ICgrowth rate, Cell viability, Taguchi
methodology optimization.

INTRODUCTION

In animal cell culture Serum replacement is a emgé, and one of the most prominent reason iteairorigin
(blood) and other due to presence of undefinedbitdri which is major limitation for viability of may cells and
tissue in culture [1]. Choice of coconut water &séd on few reports where coconut water have bsed for
different purposes including cell culture, due t@valence of various important factors (relatedgtowth and
development in the endosperm of coconut) and haes Isuccessfully used in storage and propagatidineocell
line. Beside this, use of coconut water have begmonted in culturing of various virus cells incladi vaccine
formulations [2] Thomas et al, 2008 as an extedeemen for several pet animals such as dogs ghdleven in
humans cells also [5]. The present work is firgioré of successful culture of BHK cell line in DMEMedia
containing coconut water as a replacement of FEIMEM media.

The media optimization is an essential part of itheell growth and viability. Therefore many factoad been
selected for media optimization. Statistical optiation using the traditional method involves thedgt of one
variable at a time, while Taguchi design of expeits had benefit that several factor can be optichia doing few
experiments. Taguchi methodology have been usednsixely in the industry for various biotechnoladic
applications such as in the optimization of virudture to improve rabies vaccine production (usiego cells) in
the bioreactor [6] (Rao et al, 2008) and a verydyoeview have been published recently by [6] Raale2008 in
same concern. Application of coconut water is wielkumented by [7] Yong, et al 2009 who identified tole of
Kinetin and Kinetin riboside from coconut water.djte this a strong role of coconut water has begorted as
anti-ageing effects on human skin cells and fiiesflZaprionus paravittiger[8] (Sharma, et al 1995) Kinetin was
shown to delay the onset of several cellular andh@mical characteristics associated with cellagg@ing in human
skin fibroblast cultures and in the developmentskin care products containing Kinetin were subsatiye

93
Scholars Research Library



S. M. Bhatt and Shilpa Annals of Biological Research, 2014, 5 (3):93-104

developed to treat photo-damaged skin [9] sincectimeentration of these electrolytes in coconutewgenerates
an osmotic pressure similar to that observed ind[d0] (Fernandes, 2000), and it also does netafiaemostasis
(plasma coagulation) [11]. A very informative rewiés written by [7] Yong et al, 2009 on chemicalhguosition
and properties of coconut water which reported @ageha variety of nutrients including vitamins, nrals (like
Magnesium, Calcium And Potassium), antioxidantsinanacids, enzymes, growth factors, trace elem@its,
Selenium, lodine, Sulphur, Manganese, Boron, Modytuain) and other nutrients and it could be used BB&
substitute as it is sterile, does not produce hdsn’t destroy red blood cells and is really pteg by the body

2].

In the present research article, media optimizatiane been done for determination of effectivedectnd also
effective concentration of coconut water and FBBegialone or in combination, in DMEM media.

MATERIALS AND METHODS

Following chemicals have been procured for ce# lulture e.g. PBS, DMEM, FBS, L-Glutamine and Amtcotic
antibiotic solution from the HiMedia, India, whiodium bicarbonate, Folic acid, and Trypan blueenastained
from the Loba chemical India

CELL LINE:
BHK21-c/13 cell line (Baby hamster kidney fibrolijasvas procured from the National Centre of CelieBces
(NCCS), Pune India.

DMEM PREPARATION:

DMEM was prepared as per direction (by dissolving74gm DMEM in sterilized distilled water, 0.925 gofi
Sodium bicarbonate (NaHCO3) was added externally,the final volume was raised to 250 ml by addirsgilled
water). The pH was maintained at 7.2.

Media prepared from Coconut Water

Green (mature) coconut water was selected becduaehigh amount of sugar present as compared ter aild
mature coconut water. Coconut water were colleatadkr sterile conditions inside the vertical lamiaa flow in
pre-sterile bottle. The sterile DMEM media and autowater, both was further sterilized by usingigpdsable
Millipore membrane filter having a pore size of Zugh. The glass wares and culture vessels were statilby
autoclaving method.

Culturing

BHK21-c/13 cell line (initial cell no. 2.92 x $0was inoculated into each T-flasks for monolayéture formation
using sterilized DMEM and FBS media as control.affin 20ul of Actinomycotic antibiotic solution (contains
penicillin, streptomycin and Amphotericin B antibas) were added in each T-flask to increase thelity.

Culturing in coconut water

BHK-21/c13 cell line (initial cell no - 2.92 x fpwas cultured in DMEM media using green matureocot water
(2%, 4%, 6%, 8% and 10% v/v) with a fix concentratiof FBS (10%) while another culture was done magai
different concentration of FBS were taken (contfiodb FBS), 2%, 4%, 6%, 8% and 10%) v/v with a fixed
concentration of coconut water. Finally, a 20ulidasmycotic antibiotic solution was added in eacfiagk to avoid
the growth of bacteria and fungi. Each T-flask wasibated at 5% C£n CO,incubator at 37°C for 24 — 60 hours
maintaining humidity at 90% RH.

GROWTH STUDIES OF CELL LINE:

Growth of the BHK-21/c13 cell line was studied kyuating the cells by using Haemocytometer at déffértime
interval (24, 48 and 60 hours of incubation) Vidpihssay has been used by Trypan blue stainingadetAfter the
observation of the cell numbers at different timieival, the growth rate was calculated as: Groath Growth rate

r=Ci — q
tl_tZ

Where, G= initial cell concentration (No. of cells x 4per mi/hr) and €= final cell concentration (No. of cells x
10° per ml‘hr); t = initial time (hrs); £= final time (hrs)
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DESIGN OF EXPERIMENTS (DOE):

The schematic representation of the Taguchi metiadesign of experiment (DOE) has been depicteHign 1.
The first step was to determine the various factorde optimized. Factors were selected and theldewere
assigned based on the relevant report of the titeraEight essential factors (Temperature, FBS| @ember,
Coconut water, pH, Folic acid, Speed and NaH)G&ere selected fork Taguchi DOE. In the present study, three
levels of factor variables were considered to Batise L-18 OA. The total degree of freedom wasatdo the
number of trials minus -1, i.e. 17. Therefore, kBexriments were performed and the results obtamer@ further
preceded for analysis in Qualitek-4 software.

Analysis of the results:

The obtained result was processed in the Qualitetifidvare with bigger is better quality and furtlaealysis of the
results was performed according to Signal to Nogg® (S/N) analysis. In Taguchi’'s method, qualgymeasured
by the standard deviation of the characteristienfiits target value, and a loss function (L(y)) eveloped for the
deviation as represented by L(y) ) k(y - m)2, whierdenotes the proportionality constant, m reprisstre target
value and y is the experimental value obtainedefzh trail. In case of bigger is better qualityrelteristics, the
loss function can be written as L(y) = k (1/y2).

Validation:
To validate the optimized conditions, cell cultgriwas performed again to check the cell growth ohtained after
Taguchi’s application.

Microscopy:
A binocular microscope was used to attach to coerdudbm Magnum Company India.

RESULTS AND DISCUSSION

Growth Rate in DMEM media:

Chemical compositions of coconut water [12] (Viglet al., 2006) have been depicted in Table 1 aatuleF2.The
results of growth rate in DMEM media have been deypi in the fig. 2 (a). The results obtained afedént time
interval (24 hrs, 48 hrs, 72 hrs) shows that tHegrewth in the DMEM medium increases with therease in FBS
concentration. The significant cell number was ivtetd with the 10 % FBS (v/v) concentration as 17700 cells

per ml, which indicates that FBS has significanpatt on the cell growth as it fulfills the requirents of cells
during growth by providing them essential growtbrpoting components in the medium.

Growth Rate in coconut water:

The results obtained after culturing of the celklin coconut water revealed that coconut wateratées to support
the growth of BHK-21/c13 cell line. After culturingf the cells in varying volume of coconut wate%424%, 6%,
8% and 10% v/v), show that 6% coconut water aloit) 8% FBS yield 15.83 x fells per ml while the growth
rate was 0.206 xf@ells per ml per hour after 72 hrs (Fig. 2 b).

Optimization of media:

Before any investigation, optimization for eachtfads essential requirements for cell growth [{Biakasham et
al., 2005). In addition the notable factors thatyroantribute in designing of a media are Tempeea{@s-37°C),
FBS (Fetal Bovine Serum) (5-10 %), Cell Number (8® x 16), Coconut water (2-6%), pH (5-7), Folic acid (4-8
mM), Speed (50-150 RPM) and Sodium bicarbonate @& (2-6 mM) were taken into consideration (Table-3).
BHK-21/c13 (initial cell -2.8x10) was cultured according to the trial obtained 8las depicted in Table 4. In
addition, 20 ul of Antimycotic antibiotic solutiomas also added to avoid any contamination. Theidt T-flasks
were incubated at 25°C inside g@cubator, (5% Cg) to check the cell growth at different time intekvThe
result obtained after culturing of the BHK-21/c18ldine was entered in the (L-18 design) resuluom. Then
after main factor analysis, Table and plot wereawietd (Table 5-7 and fig. 3-6). Final analysis wiase by
ANOVA which give the optimum condition.

Main Effects:

The average effect of each factor, based on Sigrllbise ratio (S/N) is shown in Table 5. The diffece between
the average value of each factor at higher levellawer level (L2-L1) indicates the relative infhee at individual
capacities. The positive and negative values inditlae highest and lowest impact of each factocelhgrowth.
This gives order of the overall impact of factosich can be confirmed by staked chart Fig. 4 pierts depicted
in figure 5.
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According to the Table 5, the highest impact on €einfluency was noticed with the Speed which sddrighest
positive value (2.025), while Temperature shows aximum negative value (-1.225) preceded by pH {-D.7
However among the selected level of nutrients, @atavater had a strong positive impact with valtes83)
whereas the impact of FBS was slightly less athaigative value (-1.461) that indicates that cocevater plays a
significant role in cell growth than FBS. In cadebmmass, the Cell number effect was noticed \pitBitive value
(0.844) and higher influence was achieved with lléeThe other factors like Folic acid (-0.539) addHCG,; (-
1.466) have negative values. The difference betwherlevel 3, level 2 and level 1 of each factati¢ates the
relative influence of the effect. Thus larger tlifedence, the stronger will be the influence. Thius order of each
factor will be as speed followed by coconut watasl] number, Folic acid, pH, Temperature, FBS amHNG;
(Table 6; fig. 4). The individual factor plot hasdnm depicted in fig. 3.

Effect of Temperature:

Fig. 3 (a) shows the growth of the cells in cultoredia with different temperature levels. Two level temperature
were selected to satisfy the L-18 condition onéasing from temperature 25°C-35°C. From the Fi@)3t can be
observed that temperature range at level 1 supfiwtsell growth at a higher rate while within rangf temperature
at level 2, the result obtained indicates towahasreduction of the cell growth of BHK-21/c13 cellswas revealed
from the Fig. 3 (a) that temperature range of 2&8ild supports the highest growth of the cells@sarative to
35°C.

Effect of FBS (Fetal Bovine Serum):

According to the L-18 design, the FBS concentrati@s selected at levels as 5%, 7% and 10%. Thgsasalf the
FBS concentration of range within the level 1, le¥e&and level 3 revealed the optimum concentratibthe FBS
has been depicted in the Fig. 3 (b). Accordingitp & (b) it was observed that the FBS range atlléwupports the
cell growth as comparative to level 2 and levelAB.level 1 cell growth was noticed as high whergath the
increase in the FBS concentration results in tlaelgal fall of the cell growth which would indicatee results that
the level 1 concentration range of 5% supportséiiegrowth at maximum level.

Effect of Cell number:

Fig. 3 (c) shows the cell growth at different lessflevel 1, 2, and 3) of Cell inoculum. Initial teloculum strongly

affects the final cell confluence in vitro. Resuitstained from the experiment revealed that withiticrease of the
initial cell inoculum, the final cell confluencesal increases as shown in Fig. 3 (c). Initial celinber at level 1
supports slower growth rate while a slight increimsthe initial cell number at level 2 results hetincrease in the
growth that further increases with the more inoeaaghe initial cell number at level 3.

Effect of Coconut water:

The effect of each level of coconut water has hidgpicted in Fig. 3 (d). According to the L-18 desitevels of
coconut water percentage were selected. It wasnasdrom the figure that the cell growth increageadually
with the increase in the level of the coconut waiercentage. It was clear from the figure thatdbeonut water
percentage within the level 3 results in the higlggewth rate that falls with the fall in the pentage of coconut
water at level 2 and furthermore at level 1.

Effect of pH:

Fig. 3 (e) shows the growth rate at three diffelemels of pH range selected. It was observed tthainitial cell
growth rate at level 1 pH range was observed astanhwhereas further in the level 2 pH range,céiegrowth
was reduced. A further increase in the pH randewve 3 highly increases the cell growth. Hencayals observed
from that the pH range within level 3 highly supgdahe cell growth as compared to level 2 and lével

Effect of Folic acid:

Fig. 3 (f) shows the effect of Folic acid on celbgth. Folic acid is one the important vitamin tietonsidered in
the division of the cells at higher rates. It waserved that the concentration of the Folic aciceeskly affects the
growth of the cells with certain range. The graphjaot of the Folic acid revealed that the cebwth increase or
decrease according to the increase or decreaseiticentration of the Folic acid. At level 1 foliciérange, the cell
growth was slightly slow that was further reducedrtore extent at level 2. But with the slight irase in the folic
acid range, gradual increase in the cell growth elserved.

Effect of Speed:

Effect of Speed on cell growth at each assignedl lbas been depicted in Fig. 3 (g). According ® @ghaph plot
obtained for speed, it was noticed that with theréase of the level of the speed, the effect dofi wich level also
increases in the growth of the cells. The plot shdvat at level 1 cell growth was slower that #xel 2 at which
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the cell growth highly increases that further conés at level 3 where the further addition in thte rof the cell
growth was measured.

Effect of NaHC@

The effect of NaHC@on cell growth has been depicted in Fig. 3 (hjvds well studied that NaHGQvas highly

interacting with the pH of the medium to adjusatitits optimum level. It was observed that levelduld support

the cell growth at higher levels as compared tell@vand level 3 whereas level 3 was observed pat the cell

growth slightly less than level 1 but supportsghewth rate more than level 2. It was observed lthatl 2 has least
effect on cell growth that was resulting in theuetibn in the cells.

ANOVA analysis:

The analysis of variance (ANOVA) is used to anadyHee results. It also reveals the percentage ibatitn of
individual factor affecting cell growth. From ther&tio at 90% confidence limit, it can be deterndinieat all factors
and interactions considered in the experimentdbdesre statistically significant.

According to the ANOVA Table 6, the impact of edelector on cell growth. It was observed from the AXD
Table that Coconut water has the highest percertaggibution (27.589%) followed by Cell number (239%),
Speed (12.486%), FBS (7.389%) and pH (5.457%),nthe factors showing significant percentage contidn
towards the cell growth, while the Folic acid aneniperature shows 4.795% and 3.221% impact on oaith.
NaHCG; showed the least (2.351%) impact among the fastodied with the assigned variance of values (#g.
Thus, the order of individual factors from high&stiowest percentage contribution can also be $een the pie
chart (Fig. 5). Thus, the overall order of all flaetors according to their impact is as coconutew$27.589%) >
Cell number (23.299%) > Speed (12.486%) > FBS @8> pH (5.457%) > Folic acid (4.795%) > temperatu
(3.221%) > NaHC@(2.351%) has been confirmed after ANOVA.

Optimum conditions:

Optimum conditions and their performance in terrhsantribution to achieving highest growth rate at®wn in
Table 7. The expected result at optimum conditias 20.336 x 1Dcells per ml in coconut water with a total
contribution from all factors being 9.977 x®Ills per ml in coconut water with current granerage performance
of 10.359 x 10 cells per ml after validation of the expected lesbtained, the maximum cell growth can be
achieved with temperature 25°C, FBS 5%, Cell N&.1F cells per ml, Coconut water 6%, pH 7, Folic acichiél,
Speed 150 RPM and NaHGQ@% (w/v). With the consideration of these optimwulture conditions of the
experiment designed, the cell confluence can beeased from 10.359 to 20.336 x°Idells per ml as with an
overall 27 % enhancement in the cell growth

OPTIMUM CONDITIONS

Expression: C.l1. = sq Root {(F (1, n2)*Ve)/Ne)
Where: F (nl1,n2)=3.5

nl=1,n2 =2 (Error DOF)

Ve = 1.32474 (Error Variance)

Ne = 1.13 (effective Number of Replication)
(Factor DOF's included in the estimate = 15)
Confidence level = 90

Confidence interval = +/- 2.03

Expected results at optimum = 20.336 +/- 2.03
(Low value = 18.306, high value = 22.366)
Estimate of expected results from S/N ratio

S/IN =-10 Log (MSD) = 20.336

Or MSD = 10(-(S/N)/10) = 0.009256

Where MSD = ((1° + (A/w)? + ...... + (1/0)d/n
= (Avg. 1/yi)2) = 1/Ye,

OrYeyp = SQR (1/MSD)

Expected performance in QC unit (or overall evatratriteria) is:
Y exp = 10.394 QC units

(Based on S/N = 20.336 at optimum)

Therefore High value of S/IN means more desiraldelte and low value of S/N means less desirablalteem all
types of quality characteristics.

97
Scholars Research Library



S. M. Bhatt and Shilpa Annals of Biological Research, 2014, 5 (3):93-104

Improved conditions:

The expected improvement in cell growth after optation can be viewed from fig.8 that shows thdedénce in
the cell growth between the current and improvetnagm conditions based on assumed normal perforenanc
distribution of the factors. Further validation thfe proposed experimental methodology, BHK-21/c&B kne
culturing experiments was performed to observegrelivth by employing optimized conditions. The fesshowed

an enhanced cell growth of 27 % of improvementgt growth with the optimum culture conditions.
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Fig 1:Experimental protocol of DOE of Qualitek-4 todesign a media
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Fig. 2. Number of cells (a) at different time inteval (b) at different concentration of % FBS (0,2,4,8,10) and coconut water 2, 4, 6, 8 %
after 72 hrs
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Significant Factor and Interaction Influences
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Fig 5: Significant factors and interaction influenas on cell growth represented in pie chart ; aftepooling representing in pie chart
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Fig 6.Variation Reduction Plot shows the performane distribution on cell growth at current and improved conditions
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Fig 7. Initiation of the monolayer formation of BHK-21/c13 cell line after 48 hrs and 72 hrs of incudtion (10X) (a) FBS added DMEM
media (b) coconut water containing DMEM media afteroptimization.

Table 1: Chemical composition of mature and tendecoconut water (Renata et al., 2006)

S. No. | Components Mature coconut water mg (%) | Tender (green) coconut water
1. Total solids 5.4 6.5
2. Reducing sugarg 0.2 4.4
3. Minerals 0.5 0.6
4. Protein 0.1 0.01
5. Fat 0.1 0.01
6. Acidity 60.0 120.0
7. pH 5.2 4.5
8. Potassium 247.0 290.0
9. Sodium 48.0 42.0
10. | Calcium 40.0 44.0
11. Magnesium 15.0 10.0
12. Phosphorous 6.3 9.2
13. Iron 79.0 106.0
14. Copper 26.0 26.0

Table 2: Amino acid and Vitamin-B composition of coonut water (Renata et al., 2006)

S.No | Amino acid composition | Vitamin — B composition (ug/ml)
1. Alanine 241 Nicotinic acid 0.64
2. Arginine 10.75 Pantothenic acid 0.52
3. Aspartic acid 10.75 Biotin 0.02
4. Cystine 0.97 - 1.17| Riboflavin <0.01
5. Glutamic acid| 9.76 - 14.5| Folic acid 0.003
6. Histidine 1.95 - 2.05| Thiamine Trace
7. Leucine 1.95 - 4.18| Pyridoxine Trace
8. Lysine 1.95-4.57 - -

9. Proline 1.21-4.12 - -
10. | Phenylalanine 1.23 - -
11. | Serine 0.59-0.91 - -
12. | Tyrosine 2.83-3.00 - -

Table 3: Selected factors and their assigned levedslected for study (L-18 design)

S. No Factors Level 1| Level 2 Level 3
1. Temp (°C) 25 35 | -
2. FBS (%) 5 7 10
3. Cell No. (16) 2 3 4
4. Coconut water (v/v 2 4 6
5. pH 5 6 7
6. Folic acid (mM) 2 4 6
7. Speed (RPM) 50 100 150
8. NaHCQ (%) 2 5 10
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Table 4. Experimental setup (L-18 Orthogonal Array)Columns

[N

2 3 4
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Trial 8
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Table 5: Main effects of factors at levels (L2-L1jpositive and negative values shows the highestditowest impact

S. No | Factors Levell | Level2 | Level 3| L2-L1

1. Temp (°C) 10.97 9.747 0 -1.225

2. FBS (%) 11.58 10.12 9.378 -1.461

3. Cell No (10) 8.887 9.732 12.458 | 0.844

4. Coconut Water (%) 8.494 10.077 | 12.506 | 1.583

5. pH 10.179 | 9.469 11.429 | -0.711

6. Folic Acid (Mm) 10.106 | 9.567 11.404 | -0.539

7. Speed (rpm) 8.786 | 10.812 | 11.480 | 2.025

8. NaHCO3 (%) 11.027 | 9.561 10.489 | -1.466

Table 6 Analysis of Variance (ANOVA)
S No | Factors DOF Sums of squares | Variance | F-ratio | Pure sum | Percent
' ® (S V) (F) (8) (P) %
1. Temp °C 1 6.735 6.735 5.084 5411 3.221
2. FBS (%) 2 15.060 7.530 5.684 12.410 7.389
3. Cell No. (16) 2 41.783 20.891 15.770 39.133 23.299
4. Coconut water 2 48.988 24.494 18.489 46.339 897.%
5. pH 2 11.815 5.907 4.459 9.165 5.45Y
6. Folic acid (mM) 2 10.704 5.352 4.04( 8.055 4.795
7. Speed (RPM) 2 23.621 11.81( 8.915 20.9712 12.486
8. NaHCQ (%) 2 6.598 3.299 2.490 3.949 2.35]
9. Other /Error 2 2.469 1.324 _ _ 13.413
Total 17 167.958 100.00%0

Table 7 Optimum conditions and performance in gree mature coconut water for cell growth

S. No | Factors Conc. | Level | Contribution

1. | Temp (°C) 25 1 0.611
2. FBS (%) 6 2 1.220
3. | CellNo (16) 4 1 2.098
4. Coconut water (% 6 3 2.146
5. pH 7 3 1.070
6. Folic acid (mM) 6 3 1.045
7. | Speed (RPM) 150 3 1.120
8. NaHCQ; (%) 2 1 0.667

The total contribution from all factors 9.977

Current grand average of performance 10.359

Expected result at optimum condition 26.33

DISCUSSION

It is well evident from the literature that 10% FB3s the best support for animal cell growth whigh also
observed by 2,4,6,8,10% FBS. FBS showed some typéwavior of cell growth [14]. In 2009, Heshama¢{15]
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and his co-workers reported that increasing theeoimation from 5 to 20% FBS in the medium increase total
number of living cells by about 30%. Meanwhile, riseesing the further FBS concentration in culturedione
resulted in significant reduction in viable cellmiper [15]. This may be due to the presence of s¢verdefined
growth promoting components of the serum

We also observed the good effect of coconut water 8HK cell growth in the presence of FBS. Cocowater
supports growth of cells but not as impressiveBS Eherefore it was selected in combination owmthe presence
of all the essential components present in DMEMuiding glucose (energy source), amino acids, vitesmi
(specifically Vitamin-B), minerals, sodium, potass, Magnesium, and calcium [7]. It is also evidéom our
results depicted in fig.2 and fig.3. It was alse@ityed that the 6% coconut water with 6% FBS gikiesmaximum
cell number but in term of yield it was low therefd-urther, optimization was done with DOE. We alkserved
that mature green coconut water gives maximum gmlivth than the other types of coconut water du¢h®o
difference in the contents concentration in termsumars, vitamins and amino acids. Mature greemmot water
contains 21.68 mg/ml of sugars (glucose (7.25 mgihereas mature coconut water contains 13.87 m@/jl6].
Mature coconut water also has a higher concentragfoarginine, aspartic acid, glutamic acid, Pre]ivaline,
tyrosine, methionine, Histidin essential for thewth of the cells but on the other hand Glutamioecentration is
low in mature green coconut water [17]. so Glutaanivas added to the coconut water to fulfil the denaf the
cells. Coconut water has a less percentage of Bolit. Thus the higher amount of glucose, fructaseino acid
and vitamins may provide sufficient support forygtio and development of cells.

Therefore, after confirmation of the cell growthdoconut water, several physiological and nutraidiactors, such
as Temperature, Cell number, Coconut water, FB&{(Bovine Serum), pH, Folic acid, Speed and Nakl@ére
optimized by design of experiment (L-18 OA desigaing Taguchi’'s methodology.

Analysis of the data by Qualitek-4 software depictiee results in identifying the influence of edabtor on cell
growth and establishing the relationship betwearofas and operational conditions to be selectedofitiimum
growth of the cells. After ANOVA it has been obseivthat coconut water shows the highest impact82Bb6)
followed by cell number (23.299%), speed (12.486pt), (5.457%), folic acid (4.795%), temperature P1%),
while least impact was found to be with NaH{Z@.351%).

Coconut water supplemented with 6% FBS concentraimws the maximum cell growth but on further &ddiof
FBS, cell growth was affected and leads to the agoin of the growth as a further addition of FBShtibe show
some inhibitory effect on cells due to the presesfc®ome excessive unknown and undefined components

According to the [18] Ozturk and Palsson, 1990] BBatt et al 2011 the final cell confluence depengon the
initial cell inoculum. Cultures with lower initiatell density resulted in lower final cell concetiva. [18] Ozturk
and Palsson (1990) reported that the initial cefigity in the range of f@o 1@ cells per ml affects the initial cell
growth as one of the factor to only 20%. In ourenment we have observed effective cell concerminagis 4 x 19
and Table 6 depicts that initial cell number was slecond highest impact on cell growth which ingisahat the
final cell confluence is highly dependent uponittigal cell inoculum.

The particular population density at which growlitmss down is determined by the pH of the culturéhdugh pH

of the culture media is one of the important patansefor the growth and survival of the cell antblethe optimal
pH — 7 cells show longer growth period. It was mépd that pH-7 supports maximum cell growth and zayation
would cause a reduction in the growth [20]. At tbever pH level population density plays an impottpart in
limiting the rate of cell multiplication. At veryigh pH the restrictions on growth rate are set bpletion of
nutrients in the medium. So to reduce the flucaraiin optimum pH value non-volatile buffers wesed in the
medium. It was observed from the present study KetiCQ, shows least impact individually (Table 6) on cell
growth but shows the highest interaction influendth pH in the medium (not shown). Lactate accurtiofadue to
glycolysis at high glucose concentration can redtiee pH throughout the culture, and that low pH dBn
detrimental to cell viability and growth [21]

CONCLUSION

Upon considering the optimum culture conditiongha experiments designed the cell growth couldniseeased
from 10.359 to 20.336 x f@er ml and hence overall 27 % enhancement inelgmwth can be achieved. It was
observed that FBS cannot be completely replacezk dimey contain various important unknown componert.
Growth hormones, growth factors, albumin and glotsuétc. which are essential for cell signaling.
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