JEMAT, 2017, Vol 5, No 1, 26-29

JOURNAL OF ENVIRONMENTAL MICROBIOLOGY
AND TOXICOLOGY

Website: http://journal.hibiscuspublisher.com/index.php/JEMAT

PUBLISHER

Comparison Between the Modified Gompertz and Churchill Death
Models in Modelling the Growth of Cell Culture from Leaf-Derived
Cell Suspension of Barringtonia racemose

Hussein, S.! and Shukor, M.Y.>*

1 Agrotechnology and Bioscience Division, Malaysian Nuclear Agency, Bangi,
43000 Kajang, Selangor, Malaysia.
’Department of Biochemistry, Faculty of Biotechnology and Biomolecular Sciences, Universiti Putra Malaysia,
43400 Serdang, Selangor, Malaysia.

*Corresponding author:
Mohd Yunus Shukor
Department of Biochemistry,
Faculty of Biotechnology and Biomolecular Sciences,
Universiti Putra Malaysia,
43400 Serdang,
Selangor,
Malaysia.
Email: mohdyunus @upm.edu.my / yunus.upm@ gmail.com

HISTORY ABSTRACT
The growth of plant cell suspension culture often is observed to show a declining phase.
Commonly used growth models such as can be used to model sigmoidal growth curves but do
not fit curves showing a declining or death phase. In this study, the growth curves of Barringtonia
racemose cell suspension under light and dark conditions were modelled according to the
Churchill model, which incorporates growth and decline phases, and was compared to the popular
modified Gompertz model. For both growth conditions, the Churchill model gave better results
;gﬁ‘ﬁpci‘:i‘:“ for the error functions Root Mean Square Error, the coefficient of determination, adjusted
Churchill coefficient of determination, bias factor and accuracy factor with the exception of the corrected
modified Gompertz Akaike Information Criterion (AICc). The regressed parameters or constants obtained from the
Churchill model shows growth and decline rates with higher values for the growth rate compared
to the decline rates for both growth conditions. The decline and growth rate parameters signify
as A1 and A2 for growth under light conditions were 0.367 (95% confidence; 0.103 to 0.632) and
0.796 (95% confidence; 0.458 to 1.134), respectively, while the decline and growth rate
parameters A1 and A2 for growth under dark conditions were 0.158 (95% confidence; 0.314 to
0.629) and 1.491 (95% confidence; -0.809 to 3.720), respectively. The 95% confidence interval
values were overlapped for both growth rate parameters under light, and dark conditions are
indicating that the differences observed were not significant.
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INTRODUCTION One of the methods to engineered active compounds

enhancement by this plant is through metabolic engineering of

The tropical region is rich in plants having medicinal properties
[1-4]. In Malaysia, the shoots of B. racemosa are commonly
found, and its leaves are eaten as a salad. Barringtonia racemosa
(L.) Spreng leaves are used to reduce high blood pressure. It
belongs to the Lecythidaceae family. The roots, leaves, and barks
can be pounded as a remedy for itchiness as a result of chicken
pox [5-8]. The plant has high phenolic, and antioxidant content
with the majority of the active compounds composition include
compounds such as steroids, saponins, diterpenes and
triterpenoids [8,9]. The leaves of this plant contained compounds
such as ferulic acid, naringin, gallic acid, luteolin, rutin,
kaempferol, ellagic acid, protocatechuic acid, and quercetin [6].

the callus culture.

Many callus growth curves including B. racemosa exhibited
death phases [10—14] of which normal growth models such the
sigmoidal curve can be fitted by various mathematical functions
such as Richards, logistic, Schnute, Gompertz, [15], Buchanan
three-phase [16] Baranyi-Roberts [17],von Bertalanffy [18,19]
and more recently the Huang model [20] will have problem to
model them. A one-step growth and decline model is available in
predictive microbiology and has shown great promise in further
secondary modelling such as to study the effect of environmental
parameters on growth rate. Such an approach is not available for
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plant callus or cell suspension growth. This paper aims to do this
by comparing the applicability of the Churchill death model in
comparison to the modified Gompertz model often used in
modelling callus and cell suspension growth of B. racemosa [21—
23].

MATERIALS AND METHODS

Data acquisition

Graphical data of published work [24] from Figure 3a were
electronically processed using WebPlotDigitizer 2.5 [25] which
helps to digitize scanned plots into a table of data with good
precision and reliability [26,27].

Mathematical modelling
The modified Gompertz model [15] (Eqn. 1) is as follows’;

y=Aexp{—exp{ﬂXe(/1—t)+l}}

(Egqn. 1)

where A=growth at lower asymptote; u»= maximum specific
growth rate, A=lag time, e = exponent (2.718281828) and ¢ =
sampling time.

The death model of Churchill [28] (Eqn. 2) is as follows;

- -1
Y = [Kil exp(Ay.t) + Kiz exp(2,. t)] (Eqn. 2)

Since log N=log Ny at time =0, there occurs a relationship
between K;and K2 as follows (Eqn. 3);

—= (logNp) ™! — =
1

K K,

(Eqn. 3)

Statistical analysis

Statistical discriminatory methods utilized in this work takes into
account the penalty for the number of parameters and include
corrected AICc (Akaike Information Criterion), Root-Mean-
Square-Error (RMSE), bias factor (BF), accuracy factor (AF) and
adjusted coefficient of determination (R?) [29].

The RMSE was calculated according to Eqn. 4 [30], and
smaller number of parameters is expected to give a smaller
RMSE value. n is the number of experimental data, Ob; and Pd;
are the experimental and predicted data while p is the number of
parameters.

(Pd, - 0b,)
RMSE =1|+=L
n—p

(Eqn. 4)

A modified form of the coefficient of determination, adjR?,
which is an adjusted coefficient of determination was utilized to
indicate the closeness of data to the experimental model. The
formulas are as follows (Eqns 5 and 6), where the Residual Mean
Square is RMS and s?, is the total variance of the y-variable [30].

Adjusted (R?)=1- %15 (Eqn. 5)
Sy
Adjusted (R*)=1- (=R Jn-1) (Eqn. 6)

(n—p-1)

The Akaike Information Criterion (AIC) evaluates the trade-
off between the complexity of a model and the goodness of fit. It
is based on information theory [31]. To handle data with a smaller
number of values the Akaike information criterion (AIC) with
correction or AICc is employed. It is a corrected version of the
AIC and also has a penalized factor for models with a larger
number of parameters [32]. The AICc is calculated as follows
(Eqn. 7);

A16b=2p+4ﬂn(1“*;]+2(p+4)+2(p+1xp+2) (Eqn.7)
n

n—p-2

Accuracy Factor (AF) and Bias Factor (BF) originates from
the work of Ross [33] to test for the goodness-of-fit of the models
and were calculated ( Eqns. 8 and 9) as follows;

[ilog (Pd; 10b, )J

i=1

[z”:log\(m,« 10b; ) J

i=1

Bias factor = 10 (Eqn. 8)

Accuracy factor =10 (Eqn. 9)

The growth data needs to be first transformed to logarithmic
values. The Levenberg—Marquardt algorithm (LMA) nonlinear
regression embedded in the CurveExpert Professional software
(Version 1.6) was utilized to fit the data. The algorithm
minimizes the sum of the squares of the differences between the
measured and predicted values [30].

RESULTS AND DISCUSSION

Data from the cell suspension was first transformed in log values
(Fig. 1). The data appears to show that growth measured as the
dry weight of cell culture under light conditions was lower than
under dark conditions.
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Fig. 1. Profile of growth of Barringtonia racemosa cell suspension in
leaf derived cell suspension of Barringtonia racemosa cultured at 25°C
in light and dark conditions. Data on the y-axis represent log (+2).

Both of the growth curves were subjected to the Churchill
and modified Gompertz model (Figs. 2 and 3). Based on visual
observation, the Churchill model gave very good fits to both
growth curves under light and dark conditions, whilst the
Gompertz model gave poor fitting. Very few calli and cell
suspension profile have been modelled using the modified
Gompertz model [21,22,34] while another study claims that the
modified Gompertz model is not adequate to model callus growth
in some situation [35].
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Fig. 2. The growth of Barringtonia racemosa cell suspension in leaf
derived cell suspension of Barringtonia racemosa cultured at 25°C under
light conditions modelled according to the modified Gompertz and
Churchill models.
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Fig. 3. The growth of Barringtonia racemosa cell suspension in leaf
derived cell suspension of Barringtonia racemosa cultured at 25 °C under
dark conditions modelled according to the modified Gompertz and
Churchill models.

For both conditions, the Churchill model gave better results
for the error functions Root Mean Square Error, coefficient of
determination, adjusted coefficient of determination, bias factor
and accuracy factor with the exception of the corrected Akaike
Information Criterion (AICc), where the latter values were better
for the modified Gompertz models under both light (Table 1) and
dark (Table 2) conditions. Based on the majority of the statistical
tests or error functions, the Churchill model should be selected as
the best model based on the visual and statistical analysis. The
AlCc test does not work well with very few sample points
[36,37], and future studies should be carried out with a large
number of sample points.

Table 1. Error functions for the Churchill and modified Gompertz models
utilized for the regression of the growth of Barringtonia racemosa cell
suspension in leaf derived cell suspension of Barringtonia racemosa
cultured at 25°C under light conditions.

Model p RMSE R?® adR’* AF BF  AICc
Churchill 4 0.02 1.00 1.00 1.01 1.00 16.48
modified

Gompertz 3 0.12 0091

0.82 1.13 098 0.53

Note:

P no of parameters

RMSE Root Mean Square Error

R?  Coefficient of determination

adR? Adjusted Coefficient of determination
BF Bias factor

AF  Accuracy factor

Table 2. Error functions for the Churchill and modified Gompertz models
utilized for the regression of the growth of Barringtonia racemosa cell
suspension in leaf derived cell suspension of Barringtonia racemosa
cultured at 25°C under dark conditions.

Model p RMSE R’ adR> AF_BF AICc

Churchill 4 0.08 098 0.941.13 0.95 3691
modified

Gompertz 3 0.15091 082126 091 3.68
Note:

P no of parameters

RMSE Root Mean Square Error

R?  Coefficient of determination

adR? Adjusted Coefficient of determination
BF  Bias factor

AF  Accuracy factor

The regressed parameters or constants obtained from the
Churchill model shows growth and decline rates with higher
values for the growth rate compared to the decline rates (Tables
3 and 4) for both growth conditions. The decline and growth rate
parameters signify as A1 and A2 for growth under light conditions
were 0.367 (95% confidence; 0.103 to 0.632) and 0.796 (95%
confidence; 0.458 to 1.134), respectively, while the decline and
growth rate parameters A1 and A2 for growth under dark
conditions were 0.158 (95% confidence; 0.314 to 0.629) and
1.491 (95% confidence; -0.809 to 3.720), respectively.

The 95% confidence interval values were overlapped for
both growth rate parameters under light, and dark conditions are
indicating that the differences observed were not significant
despite the visual observation which appears to show that there
is a difference. The statistical analysis indicates that more sample
data are needed for the confidence interval to be minimized in
order for the two curves to be significantly different if it is indeed
they are

Table 3. Churchill regressed values for growth of Barringtonia racemosa
cell suspension in leaf derived cell suspension of Barringtonia racemosa
cultured at 25°C under light conditions.

Value  Std Range (95%
Parameter Err confidence)
K 7.413 2761  -4.469 to 19.296
Ai 0.367 0.061  0.103 to 0.632
K> 0.104  0.015 0.039t0 0.168
A 0.796 0.078  0.458 to 1.134

Table 4. Churchill regressed values for growth of Barringtonia racemosa
cell suspension in leaf derived cell suspension of Barringtonia racemosa
cultured at 25°C under dark conditions.

Value  Std Range (95%
Parameter Err confidence)
K 2384 1418  -3.7181t0 8.486
Ai 0.158  0.110  -0.314t0 0.629
K, 0.032 0.034 -0.114t00.179
A 1491  0.535  -0.809 to 3.720

CONCLUSION

The growth of cell suspension under light and dark condition was
successfully modelled using primary growth models Churchill
and the modified Gompertz with the Churchill model coming out
as the better model based on the overwhelming majority of the
statistical test. An important result obtained is that the 95%
confidence interval for the two growth rates were wide and
overlapped indicating that the growth rates under light and dark
conditions were not significantly different from one another.
More data points are needed.
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