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Numerous plant bioactive metabolites such as alkaloids have an exceptional role in
medicine as drugs or as chemical sculpt for the design and synthesis/semi-synthesis of
new drug agents by academia and industries. Extraction process is very crucial and
initial step in discovering potential bioactive agents from medicinal plant such as Ficus
sycomorus. This study is therefore, preliminarily focused on maximizing the extraction
yields of total alkaloids from F. sycomorus leaves as a function of independent
variables: time (70-100 min), solid: solvent ratio (60-100; w/v; g/mL) and methanol
concentration (70-100 v/v %) using Response Surface Methodology (RSM), after one-
factor-at-a-time (OFAT) investigation. The optimum operating conditions for OFAT to
attain a higher extraction yield of alkaloids were found to be 1: 80 g/mL solid: solvent
ratio; 100 (v/v) % methanol concentration and 80 min of extraction time, which was
determined using desirability function. Optimization of the extraction conditions using
RSM resulted in an increase in percentage alkaloids yield of 4.34 %, when extracted
with 95.83 g/mL solid: solvent ratio; 82.67 (v/v) % methanol concentration and 81.07
min of extraction time. The second-order polynomial models developed were
satisfactory in describing and predicting the extraction of the alkaloids from F.
sycomous. This study indicates that RSM can predict the best experimental design and
identify the relationship between extraction variables for alkaloids extraction from F.
sycomorus leaves for maximum yield. From the industrial and environmental
viewpoint, the RSM is a much more economical and safe method of alkaloids
extraction.

INTRODUCTION

[21[31[4][5]. The F. sycomorus possibly possesses good
insect repellent properties and hence reduces the contact of

Ficus sycomorus (L) (fig or the fig Mulberry) belongs to the
mulberry plant family which is native to Africa and grows
along South of Sahel and North of the tropic of Capricorn
[1][2]. The plant mostly grows well in tropical countries [1]
such as Nigeria. It is used in local treatment of many ailments
such as diabetes, epilepsy, cancer, cough, diarrhea, skin
infections, stomach disorders, liver diseases, tuberculosis,
lactation disorders, helminthiasis, human infertility,
antimicrobials, antioxidants, anti-plasmodium properties

the vector with humans, for example, mosquitoes thereby
minimizing the incidence of malaria transmission in the local
communities [6]. Also, this plant was previously
investigated and reported for insecticidal and pesticidal
activities [7].

Many plant bioactive compounds such as alkaloids have
an outstanding roles in medicine as drugs or as chemical
model for the design and synthesis (or semi-synthesis) of
new drug molecules such as the opiates, aspirin, or etoposide
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(semi-synthetic anti-neoplastic agent; a derivative of
Podophyllum peltatum) [8][9][10]. The alkaloids (Alkali-
like) are generally low-molecular-weight, secondary plant
metabolites, nitrogen-containing (Nitrogen in a negative
oxidation state) biomolecules and due to the presence of a
heterocyclic ring having a nitrogen atom, it is typically have
alkaline properties. This class of phytochemicals is
commonly distributed in plant kingdom, making up
approximetly 20 % of identified plant phytochemicals [11].
It is produced by plant due to plant-insect co-habitation
[12].The alkaloids have been generally reported as the most
important group of natural substances [13], which play an
important role in the ecology of organisms synthesizing
them. For instance, it has been suggested that they constitute
part of the plant defenses against phytophagous animals and
regulate plants growth [14]. These compounds have high
bioactivity, distinctive mechanism of action, and are of
different classification [15].

The therapeutic roles of plant alkaloids were known as
cardioprotective,  anaethetics and anti-inflammatory
compounds. These alkaloidal agents used in clinical
applications include quinine, morphine, nicotine and cocaine
[16]. The alkaloidal compounds were also reported to have
broad biological impact on human health such as
antibacterial, anti-malarial, cytotoxic and anti-cancerous
properties [17]. It is also has strong natural insect
antifeedants [18]. The alkaloids can be used as a lead
compounds for the design and development of new alkaloid-
based drugs and insecticides by industries. The availability
of alkaloidal compounds in F. sycomorus plant was
previously reported [3][4][5]. However, the economical
feasibility of an industrial process which also requires
working in such a way that high extraction efficiency of the
alkaloids is attained is a general objective in present day
economy.

The phytochemical extraction method is a crucial step for
the discovery of bioactive constituents from plants [19].
These compounds are widely used in nutraceuticals,
pharmaceuticals, and cosmetic products as well as functional
food ingredients and food additives [20][21]. Extraction
times, temperatures, solid to solvent ratios, solvent
concentrations, and volume of solvent, pH, pressure, and the
particle size of the plant matters have been identified from
the previous studies as important factors affecting the
extraction efficiency of the plant bioactive compounds
[22][23][24][25][26]. Other natural factors such as genetic
content variation, plant growth stage, harvesting time, the
soil structure, geographical location, the drying method used,
etc., may also affect the quality and quantity of
phytochemicals to be extracted from the plant matters
[27][28][29].

One-factor-at-a-time (OFAT) is a traditional or classical
method used in optimizing specific extraction parameters,
playing with only one factor (at a time) or variable while
keeping constant all other variables or factors during
extraction process [30]. Conversely, the OFAT is less

reliable due to non-inclusiveness of interactive effects
among the participating factors or variables, tedious to
perform, time-consuming, and industrially or economically
expensive. Other experimental drawbacks of the OFAT were
ambiguous conclusion of the findings and false optimizing
conditions might occur and probably ignoring the true
significant factors during the extraction process [21]. To
overcome some of these problems, a Response Surface
Methodology (RSM) is adopted and widely used by many
researchers nowadays for optimizing the extraction
conditions.

The RSM, a statistical and optimization tool has been
practically introduced to overcome the weakness and
limitations associated with classical (OFAT) method of plant
metabolites extraction [31]. It composes of factorial design
and regression analysis that facilitate in measuring the
significant factors, categorizes the relationship between
factors, choosing the optimal extraction conditions among
the factors used or the suitable responses [32]. It is also a
mixture of statistical and mathematical techniques which is
important for modeling and analyzing problems or responses
that influenced by some experimental factors or variables.
Thus, RSM is an effective technique for optimization of
complex process such as extraction of bioactive compounds
from medicinal plants, due to its characteristic efficiency and
easy interpretation of experimental conditions [33][34]. The
RSM also evaluates the effects between the multiple factors
and their interactions towards one or more response variables
simultaneously, producing lesser number of experimental
procedures, leading to the most fitting experimental
conditions and eventual assessment of the experimental
response(s)[30][35][36][37][38]. It also helps to locate the
region where the extraction is optimized by using clearer
image or graphic support [39]. The information of the
interaction between the variables or factors is vital in order
to find the output-input relationship which is hardly
determined using classical approach (OFAT) [40]. The most
commonly used form of RSM is central composite design
(CCD) [41]. Several studies employed the RSM for the
optimization of different elements or factors in extraction
process in order to maximize yield of phytochemicals after
the process [42][43][44][45].

To the best of our knowledge, no study has been done to
optimize the alkaloids extraction conditions from the F.
sycomorus leaves for large scale production. Due to huge
medicinal values of the F. sycomorus and specifically, the
important of alkaloids in medicinal and industrial
applications, and after the initial One-factor-at-a-time
(OFAT) investigation, a preliminary investigation study on
the optimization of alkaloids extraction yield is required.
This study is therefore, aimed to optimize the extraction
condition variables (time 70-100 min; solid: solvent ratio 60-
100; w/v; mg/mL and methanol concentration 70—100 v/v %
for total alkaloids yield) of the alkaloids from the F.
sycomorus leaves using response surface methodology (The
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CDD form) in order to boast high medicinal and
pharmaceutical values of the plant.

MATERIALS AND METHODS
Chemicals

Methanol 99.7 v/v % was purchased from Sigma, Aldrich
USA. Other chemicals used are analytical grade that were
obtained from recognized chemicals suppliers, Fisher
(Malaysia) and Merck (Darmstadt, Germany).

Plant Collection and Identification

F. sycomorus leaves were collected from a botanical garden
in Bayero University Kano (BUK), old campus
(11°98'14"N, 8°48'02"E). The sample was identified by a
certified botanist at the Department of Plant Science and
given an accession number of: Bayero University, Kano
herbarium Accession Number BUKHAN 109.

Extraction of Alkaloids Content

F. sycomorus fresh leaves sample was shade-dried for two
(2) weeks; it was then powdered and subsequently used for
extraction of alkaloids. The process was carried out
according to the method described by Harbone [46] and Li
[47]. The F. sycomorus powder (5 g) was weighed. The
extraction was carried out by macerating the powder in
aqueous acid solution for 2 h, followed by degreasing with
n-hexane and extraction with chloroform until Mayer’s test
was negative. The methanol extract was evaporated in water
bath at 35°C, and the residue reconstituted with 200 mL 10
% hydrochloric acid (HCI) for 1 h under shake up (orbital
shaker) and allowed to stand for 12 h at 10 °C prior to
filtering. The filtrate was washed with chloroform, CHCls (3
x 50 mL). The aqueous phase was adjusted to pH 10 with
(NH4+OH) and extracted with CHCI3, (3 x 50 mL). Finally,
the solvent was evaporated under reduce pressure for
obtaining dried extract containing alkaloids. The solvent was
evaporated for obtaining crude extract containing alkaloids.
Extraction solvent, extraction time and solid: solvent ratio
was considered as single factors and their effects on the
extraction of alkaloids were studied on the basis of single
factor experiments and response surface methodology
(RSM). The weight of the solid residues were recorded and
taken as yield of crude extracts. The percentage yield was
calculated as follows:

Percentage alkaloids yield = (weigh of extract/weigh of sample) X

Experimental Design

The experimental design for this study was divided into two
parts: i) single factor experiments were conducted to

establish the suitable range of conditions for the alkaloids
extraction by varying one independent variable at a time
while keeping the remaining constant. ii) The optimization
of alkaloids extraction from F. sycomorus using the RSM
and a second order polynomial model was developed.

Design of Single Factor Experiments
Effect of Solid:Solvent Ratio on Alkaloid Yield

The F. sycomorus sample was extracted as above with
solid:solvent (w/v; g/mL) ranging 1:20 tol1:100 g/mL by
fixing constants, the solvent (Methanol) concentration v/v
(%) and extraction time (min) at 80 % and 80 minutes
respectively. The optimum solid:solvent ratio was then
chosen based on percentage alkaloids yield (%). All the
experiment was conducted in triplicate.

Effect of Extraction Time on Percentage Alkaloids

The suitable extraction time for alkaloids from F. sycomorus
leaves was determined by fixing constants, the solid solvent
ratio and solvent concentration at 1: 80 g/mL and 80 v/v %
respectively. The best time was selected base on percentage
alkaloids yield (%). The experiment was repeated three (3)
times.

Effect of Solvent Concentration (Methanol v/v %) on
Percentage Alkaloids

The F. sycomorus leaves sample was extracted with solvent
concentrations ranging 10-100 v/v %, after setting constants,
the solid: solvent ratio (g/mL) and extraction time (min) at
1: 80 and 80 minutes respectively. The optimum solvent
concentration was then chosen based on percentage alkaloids
yield (%). The experiment was conducted in triplicate.

The results of the single factor experiments above,
provided the ranges of three factors (solid: solvent ratio,
solvent concentration, and extraction time) used for the RSM
study.

Optimization using Response Surface Methodology

The design experiments contained three response
parameters, which are solid:liquids ratio (A), methanol
concentration (B) and the extraction time (C), with five
levels (-0, -1, 0, 1, and + o) was carried out, involving 20
experimental points and 5 centre points. The software,
design-Expert 6.0.8 (Stat-Ease, Inc. USA) using central
composite design (CCD) was used to regressively analyze
the experimental data and calculate the mathematical model,
so as to confirm the optimizing process conditions for
extraction of alkaloids from the plant. Therefore, data were
fitted to second-order polynomial equation for each
dependent variable Y (Equation 1). All experiments were
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conducted in triplicates and the mean result was used as a
response variable, Y.

Y= Bo+ 2B+ ZPuxt+ I Byxix; (D
where y is the dependent variable (Percentage alkaloids
yield), Xi and Xj are independent variables, k is a number of
independent variables, o, S, fi, pi are regression
coefficients for equation intercept, linear, quadratic and
interaction terms, respectively. X; and X; are coded value of
the independent variables while k equals to the number of
the tested factors (k=3). The ANOVA tables were generated
and the effect and regression coefficients of individual
linear, quadratic and interaction terms were determined. The
statistical significance of all the terms in the polynomial
equation was analyzed by calculating the F-value at a
probability (p) of 0.001, 0.01 or 0.05. The important criteria
for choosing an adequacy model for this design were
regression analysis (R?), adjusted R?, Predicted versus Actual
graph and ANOVA analysis (p<0.05).

Validation of Experiments

Validation was carried out by conducting an experiment
based on the optimal conditions setting through a
mathematical model generated from RSM-FCCD. The
Design-Expert version 6.06 (Stat-Ease Inc., Minneapolis,
USA) statistical software package was used for the
regression analysis of experimental data and to plot response
surface. Subsequently, the real values obtained from the
experiments were compared with the predicted value of
response generated by CCD.

Test for Alkaloids
Dragendroff’s Test

The F. sycomorus extract was treated with Dragendroff’s
reagent (Potassium Bismuth Iodide solution). The red
precipitate formation confirms the alkaloids presence.

Wagner’s Test

Two (2) ml of Wagners solution (Dilute iodine solution) was
added to 0.5mLof the F. sycomorus extract solution.
Observation of reddish-brown precipitate indicated the
presence of alkaloids.

Mayer’s Test

The F. sycomorus extract (0.5 g) was heated with 5 mL of
Hydrochloric acid (HCI) in water bath and the mixture was
stirred for 10 minutes, after cooling; the extract was filtered
into test tube. A few drops of Mayer’s reagent were added.
A slight turbidity or heavy cream precipitate is presumptive
indication for the presence of alkaloids [48].

Statistical Analysis

All experiments were performed in triplicate and analyzed
using SPSS statistics V.24 software package (SPSS Inc.,
Chicago, Illinois, USA). The data is presented in figures
were the means + SD. One-way Analysis of variance
(ANOVA) was used to compare between groups of data.
Post hoc and Tukey’s tests were run to identify the
significance of the data. P<0.05 was considered statistically
significant.

RESULTS AND DISCUSSION

Medicinal plants extraction process is crucial to decide the
quantity, quality and class of the phytochemicals, each with
different biological properties and health benefits. Globally,
the interest in bioactive plant metabolites is receiving more
attention in several different fields such as food and
beverages, pharmaceutical and cosmetic industries [49]
clinical and possibly academia. Other than the extraction
methods, the quality and quantity of these phytochemicals
depends on the extraction time, the solvent, the temperature,
the pH, the agitation rate, ratios and particle size [31]. The
preliminary investigation and the optimization of alkaloids
extraction process from F. sycomorus leaves using OFAT
and RSM were carried out in this study and the results were
presented.

Single Factor Experiments

Effect of Solid:Solvent Ratio on Alkaloids Extraction
from F. sycomorus

The solid:solvent ratio is critical variable in the extraction
process. The effect of solid-solvent ratio was evaluated. The
data obtained indicated optimum alkaloids extraction at 80
(Figure 1). One-way ANOVA showed significant
differences between the solid-solvent ratio extracted (F (4,
10)=116.35, p <0.001). Post hoc test showed no significant
differences between the mean values for 80 and 100 (p =
0.890) but there was a significant difference between the
optimum 80 and all other solid:solvent ratios (p < 0.05). As
shown from the Figure 1, the percentage alkaloids from F.
sycomorus increases with solid:solvent ratio increase when
solvent concentration and time were constant (80% v/v and
80 min). The solid:solvent ratio was found to affect the
percentage alkaloids yield (%) in comparison with other
variables. This might be due to the increase of the driving
force for the mass transfer of the alkaloids from the plant
matter. This was in line with the mass transfer principle
observed by Campos et al. [50]. An optimum of 1: 80 g/mL
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was obtained from this study (Figure 1). Previously, a
solvent to solid ratio of 10:1 was suggested to be enough to

obtain an optimum yield during extraction process [51],
while other studies [27] [26] [37] showed a quite different
solid to solvent ratio.

6 -

5 4

Percentage alkaloids (%)
N

0 T

0 20 40
Solid-solvent (w/v)

60 80 100

Figure 1. Effect of solid:solvent ratio on percentage alkaloids yield, the other constant extraction conditions were 80 v/v % methanol and 80
min extraction time. Error bars represent mean + standard deviation, n =3

Effect of Solvent Concentration on Alkaloids Extraction
from F. sycomorus

The solvent type and its concentration used are critical tool
in the extraction process of bioactive metabolites from plant
matters. Aqueous alcohols particularly acetone, ethanol and
methanol are most commonly employed for botanical
materials especially alkaloids [52][53][54]. Most alkaloids
are generally polar compounds that have to be extracted with
polar reagents or solvents. Methanol is the most polar
reagent after water [54], thus, suitable for alkaloids
extraction. Figure 2 shows that percentage alkaloids from F.

sycomorus increases with methanol concentration (v/v %)
increase when solid: solvent and time were constant (1:80
g/mL; 80 min). An optimum of 80% methanol was obtained
from this OFAT study (Figure 2). This finding corroborated
high alkaloids extractions yield using methanol previously
reported [53][54]. One-way ANOVA identified a significant
overall difference between the methanol percentages in the
extraction (F (4, 10) = 18.55, p < 0.001). Post hoc
comparisons suggested that there was no significant
difference between the alkaloids extracted at 70 % and 100
% (p =0.089), but there was a significant difference between
100 % and all other percentages (p < 0.05).

Percentage alkalloids (%)
(3]

3 T T

0 20 40

Methanol (%)

60 80 100
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Figure 2. Effect of methanol concentration (v/v %) on percentage alkaloids yield, the other extraction conditions were 1: 80 g/mL solid liquid
ratio and 80 min extraction time. Error bars represent mean + standard deviation, n=3

Effect of Extraction Time on Alkaloids Extraction from
F. sycomorus

The extraction time was also another main independent
variable in the alkaloids extraction procedure. The time for
extraction can be small as few minutes or as lengthy as 24
hours [55][56]. In this study, the extraction time range was
considered based on the practical and economic benefits (to
enhance large scale extraction yield within a shortage period
of time possible). Figure 2 showed that an increase in
extraction time increased from 60 to 80 min was
accompanied by increase of percentage alkaloids yield and
further increase in this process duration led to small decrease
of the percentage alkaloids. An optimum extraction time of
80 min was obtained from this study as suitable time for high
percentage alkaloids yield (Figure 2). Analysis of variance

different time tested (F (4, 10)=33.98, p <0.001). However,
in post hoc tests the extraction achieved at the optimum time
80 minutes did not differ significantly with 100 minutes (p =
0.609) but there significant difference between 8 and other
minutes (p < 0.05).

This result of the OFAT study was fully explained by
Fick’s second law of diffusion, which declared that final
equilibrium will be achieved between the solute
concentrations in the plant matter (solid matrix) and in the
solvent at certain or specific extraction time, hence, an
excessive extraction time will not be valuable for extraction
of more alkaloids from the F. sycomorus [30]. The relative
increase of the extraction yield with increase of extraction
time has been suggested by several studies [S7][58][59][60].
Conversely, the high extraction time (more than 80 min) in
this study, present a snag in respect of percentage alkaloids

(ANOVA) identified significant differences between content from F. sycomorus leaves (Figure 3).
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Figure 3. Effect of extraction time on percentage alkaloids yield, the other extraction conditions were 1: 80 g/mL solid liquid ratio and 100

v/v % methanol concentration
Response Surface Experiment

The influence of the extraction time (min), solid:solvent ratio
(g/mL) and solvent concentration (v/v %) on the extraction
yield of alkaloids (%) from F. sycomorus leaves, was
investigated using RSM. The experiments were designed
according to CCD, and results are presented in Table 1. The
twenty (20) randomized analyses were determined and
presented based on the CCD workflow. The highest
experimental and predicted values of alkaloids extraction
were 4.87 and 5.14 % respectively at 100 (w/v) solid-solvent
ratio, 100 v/v % methanol and time of 80 minutes. The
lowest extraction for experimented value was found in run 5
while for predicted value was found in run 14.

Fitting the Model

Normally, the significant of model variables are determined
based on p-value or F-value (“Prob > F” value). The larger
the size of F-value and correspondingly smaller the “prob >
F” value, the more important is the corresponding coefficient
[32]. The results of second-order response surface model in
the form ANOVA for the maximum percentage alkaloids
yields are summarized in Table 2. From the table, the model
was highly significant when the computed F-values were
greater than the tabulated F-value and the probability values
were low (p <0.001), indicating that the individual terms in
each response model were significant on the variables
interaction effect. The p-value for the lack of fit from this



MIBMB, 2021, 3, 1 - 14

Table 1. Central composite design (CCD) experimental matrices with observed and predicted values for dependent responses of percentage

alkaloids yield (%)
Std Run  Solid-solvent ratio (w/v) Methanol Time (mins) Actual value (%) Predicted value (%)
Concentration (v/v %)
2 1 100.00 70.00 80.00 3.36 3.39
5 2 80.00 70.00 100.00 3.00 3.04
19 3 90.00 85.00 90.00 427 439
16 4 90.00 85.00 90.00 426 439
6 5 100.00 70.00 100.00 2.42 271
15 6 90.00 85.00 90.00 4.78 439
1 7 80.00 70.00 80.00 4.12 442
10 8 106.81 85.00 90.00 3.68 3.47
17 9 90.00 85.00 90.00 442 439
9 10 73.18 85.00 90.00 4.82 4.59
18 11 90.00 85.00 90.00 439 439
13 12 90.00 85.00 73.18 6.12 5.90
12 13 90.00 110.23 90.00 5.20 5.00
11 14 90.00 59.77 90.00 2.54 2.30
14 15 90.00 85.00 106.82 4.16 3.94
16 100.00 100.00 80.00 4.87 5.14
17 100.00 100.00 100.00 4.18 4.19
20 18 90.00 85.00 90.00 4.20 4.39
3 19 80.00 100.00 80.00 6.12 6.14
7 20 80.00 100.0 100.00 422 4.50

study was identified as 0.1442, highlighting that the lack of
fit of the model used was not significant at p > 0.05. Ibrahim
et al. [32] and Ibrahim et al. [61] reported a non-significant
lack of fit and described that the model was an excellent fit
for the data. The determination coefficient R’ value of yield
was obtained to be 0.954, explaining about 95.4 % of
variations in the percentage alkaloids yield (Table 2). The R’
which was defined as the ratio of the explained variation to
the total variation was a measure of the degree of the model
fitness [62]. The closer the R’ value is to the unity (1), the
better the empirical model used fits the actual data [63][64].
While if the values of R’ are lower, then the independent
variables used are not predicting the values of the
experimental responses correctly [64]. All determination
coefficients of responses from this study were more than 0.9,
proving good representation of the variability of the factors
by the model. It is important to notice that the model is
considered accurate and reliable as the R? is more than the
threshold of 0.75 [65]. Even though, a larger R’ value does
not always show a sound regression model [66]. But, the R’
value should be compared to adjusted R’ value for a good
model. The obtained R? values from this study were not
differed greatly from adjusted R’ (Table 2). In addition, the

value of adjusted R’ value (0.912) was also very high,
advocating for a high significance of the model (Table 2).
The adjusted R’ value was a corrected value for R’ after the
removal of the unnecessary model terms. If there were
numerous non-significant terms been incorporated in the
model, the adjusted R? value would be remarkably smaller
than the R? [67]. In this study, the adjusted R’ (0.912) was
very close to the R? value (0.954), indicating a reasonable
relationship between the independent variables used (solid:
solvent ratio, solvent concentration and time) and the
response (percentage alkaloids yield) (Table 2). The fitness
and adequacy of the model used was generally judged by the
coefficient of determination (R?) and the significance of
lack-of-fit. The coefficient of variation (CV) describes the
degree to which the generated data dispersed. Thus, the CV
(6.77) for percentage alkaloids yield from F. sycomorus
leaves were lower which showed a better reproducibility,
high degree of precision and reliability of the experimental
values [31]. The model adequate precision was used to
measure the signal to noise ratio. In this study, adequate
precision of 18.85 was found to be greater than 4, thus
indicating an adequate signal (Table 2).
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Table 2. ANOVA for quadratic polynomial model developed for extraction yield of alkaloids

Source  Sum of Squares DF Mean Square F Value Prob >F Significant
Model 17.09048 9 1.898943 22.8796 <0.0001
A 1.514069 1 1.514069 18.24246 0.0016
B 8.80143 1 8.80143 106.0452 <0.0001
C 4.623605 1 4.623605 55.7081 <0.0001
A? 0.242526 1 0.242526 2.922103 0.1182
B2 1.004991 1 1.004991 12.10876 0.0059
c? 0.492887 1 0.492887 5.938615 0.0350
AB 0.000312 1 0.000312 0.003765 0.9523
AC 0.241513 1 0.241513 2.909894 0.1188
BC 0.035113 1 0.035113 0.423057 0.5301
Residual 0.82997 10 0.082997
Lack of fit 0.609637 5 0.121927 2.766884 0.1442
Pure error 0.220333 5 0.044067
Cor total 17.92046 19
Std. Dev. 0.288092 R-Squared 0.9537
Mean 4.2565 Adj R? 0.9120
C.V. 6.768284 Pred R? 0.7136
PRESS 5.133117 Adeq Precision 18.85

The generated data fit the second-order of polynomial
models, which was confirmed based on coefficients of
determination (R?) (>0.9) [68] and that the response surface
analysis can be applied to optimize the extraction of the
alkaloids from F. sycomorus leaves. All determination
coefficients of responses are greater than 0.9, proving good
representation of the variability of the factors by the model.
Thus, the models explain more than 90% of the response
variation. This suggested that the predicted second order
polynomial models defined soundly, the actual behavior of
the percentage alkaloids extraction system from the leaves of
F. sycomorus.

The similarities between the predicted and the
corresponding actual values of the response were closely
related as obtained by the CCD (Figure 4). There was a

strong correlation between the actual and the predicted
model values. The majority of the points in the figure was
closed to the centre line, indicating the best possible
conditions for achieving high percentage alkaloids yield and
determines the predictability of the designed model (Figure
4). This indicates that the proposed percentage alkaloids
extraction model is suitable for predicting the percentage
alkaloids yield, violating the independent and consistent
variation hypothesis. Hence, the developed predicted model
is appropriate because it satisfies all adequacy tests. The
model analyses, lack of fit test, coefficient of determination
(R?), adjusted R? and Predicted versus Actual graph were
determined for the model adequacy [69]. The equations
describing this in terms of coded and actual factors are
Equation 2 and 3 for percentage alkaloids extraction.

Y =4.399-0.33A+0.80B-0.58C-0.13A2 -0.26B*+0.18C?+ 0.006AB+0.17AC-0.07BC ............. )

Y= 15.09+0.04A+0.29B-051C-0.013A%-0.001B>+0.002C?+ 4.17E-05AB+ 0.002AC-0.0004BC...... 3)

A negative sign (-) in each of the above equations (Eqns
2 and 3) represents an antagonistic effect of the variables,
and a positive sign (+) represents a synergistic effect of the
variables used for alkaloids extraction [39]. The
independent variables with negative coefficients from this
study were solid: solvent ratio (A) and the extraction time
(C) which generally depict a decreased response (percentage
alkaloids yield, Y), while increase in response (Y) was due
to positive coefficient of the solvent, methanol (variable B)

(equation 2). The positive coefficient of methanol (variable
B) is indicative of increase of percentage alkaloids yield
(linear effects) while in contrast the negative coefficients of
solid: solvent ratio (A) and extraction time (C) depicted a
decrease in percentage alkaloids yield with increase in solid:
solvent ratio and extraction time respectively. This might be
related to the fact that the solubility of molecules present in
plant matter depends on the polarity and chemical properties
of solvent (B) used.
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Figure 4. Correlation plot between predicted and actual values of extraction yield

A positive, non-significant (p > 0.05) quadratic effect
was only observed for extraction time (C) while the
solid:solvent ratio (A) and solvent concentration shows

negative quadratic effects on alkaloids yield (Table 3). All
the variables show non-significant interactions (p > 0.05)
(Table 3).

Table 3. Regression coefficients of the second-order polynomial model for F. sycomorus alkaloids content

Regression coefficients Percentage alkaloids yield (%) p value (p <0.05)
Intercept
Xo 4.399
Linear
A -0.33 0.0016
B 0.80 0.0001
C -0.58 0.0001
Quadratic
A? -0.13 0.1182
B? -0.26 0.0059
C? 0.18 0.0350
Interaction
AB 0.006 0.9523
AC 0.17 0.1188
BC -0.007 0.5301

In optimization process of alkaloids extraction from
Rhizome coptidis, the CCD form was used by the researchers
to investigate the effect of ethanol concentration, extraction
time and extraction temperature on alkaloids yield from the
rhizome [45]. The design and the results partly corresponds
to the findings of this study, which shows all the independent
variables especially solvent concentration (variable B),
positively affects the efficacy of the alkaloids extraction
process. The CCD form can generally assess a single

variable (one factor) or the collective effect of the variables
on the response (percentage alkaloids yield). This
optimization study also corresponds to the work of Sahin et
al. [70]. Others researchers such as Sharma et al. [71],
studied the combined effects of different components on the
biomass growth of Aspergillus lentulus via RSM technique.
Recently, the independent variables; the steaming time and
soaking temperature on the quality properties of parboiled
rice were optimized using the RSM tool [72]. Also, Danbaba
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et al. [73] used RSM techniques for optimization of
parboiling conditions including drying time, steaming time,
and soaking temperature.

Analysis of Response Surface Plot
Figure 5 illustrates the three-dimensional response surfaces

plots (3D) by presenting the response in function of two
factors and keeping the other constant at its middle level. The

X- and Y-axes of the three-dimensional response surfaces
plots represent two variables. Each of the figures revealed
the effects of the selected variables (solid: solvent ratio,
extraction time and solvent concentration) on percentage
alkaloids yield. Correlation between the response and
independent variables could be found out from 3D response
surface contour plots, which are simultaneously representing
the interaction of three (3) variables on the response and
finding the location of optimum experimental variables [74].
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Figure 5. Response surface 3D plot corresponding to alkaloids as a function of (A) Methanol concentration (v/v %) and solid:solvent ratio
(g/mL); (B) solid:solvent ratio and extraction time (min); and (C) solvent concentration (v/v %) and extraction time (min)

The interaction of two variables is shown in the contour
of the plot. The rounded contour line depicts a weak
interaction of the two variables and an indistinct contour line
reflects a significant interaction of two variables [75[. The
predicted response surface showing the effect of methanol
concentration and solid: solvent ratio on the percentage
alkaloids yield was depicted in Figure SA. The figure shows
linear effects of methanol concentration (%) for percentage
alkaloids yield (%) with maximum yield of 5.52% while
solid: solvent ratio shows slight increase of alkaloids

(4.68%) at 1:100 g/mL. Furthermore, extraction of alkaloids
was observed to be positively influenced by the synergism
between methanol concentration and extraction time
(»<0.05). From the industrial point of view, low methanol
concentration with shorter extraction time would be more
adequately required, as a long extraction period and large
solvent concentration rendered the extraction procedure time
consuming and practically uneconomical respectively.
Figures 5B shows the three-dimensional response surface
plots for the influence of extraction time, and solid-to-liquid
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ratio on percentage alkaloids yield. The percentage alkaloids
extraction yields decrease as the extraction time increased
from 80 to 100 min, while keeping the solid-to-liquid ratio
constant. This effect of time is due to the increasing contact
time of solvent with the plant matter to improve the diffusion
of the alkaloidal compounds [76][77]. Figure 5C displays
the effect of extraction time and methanol concentration on
percentage alkaloids. The yield decreased when the
extraction time increased. As shown in the figure, as the ratio
of solid-to-liquid increased from 1: 80 to 1: 100 g/mL, the
yield non significantly decrease.

Validation of the Predicted Model

In order to verify the reliability of the derived model, the
predicted response must be compared with the experimental
result at fixed variables conditions. The results were found
to be not significantly different from predicted values at p >
0.05 using a paired t-test. The close agreement between
predicted and experimental data confirmed the validity of the
generated models (Table 4). This implied that there was a
high fit degree between the values observed in the validated
experiment and the value predicted from the regression

Table 4. Optimum conditions, predicted and experimental values of response under the model selected condition

Factors Name Predicted levels Experimental level
A Solid solvent (w/v) 95.83 95.83
B Methanol (%) 82.67 82.67
C Time (min) 81.07 81.07
Prediction Experimental
Responses (%) 4.339 4.756

model [78]. Hence, the response surface modeling could be
applied effectively to predict extraction of alkaloids from
F. sycomorus leaves. The extracted alkaloids from
F. sycomorus leaves under the optimized conditions were
qualitatively tested for the presence of alkaloids using
standard methods and the results were presented in Table 5.

Table 5. The qualitative analysis of Alkaloids from F. sycomorus

leaves
S/N Alkaloids Test Inference
1 Dragendorff's +
2 Wagner’s test +
3 Mayers +

Key: +-present
CONCLUSION

From the results of this study, it can be concluded that the
RSM can be used to optimize variables needed for alkaloids
extraction from F. sycomorus leaves. RSM predicted 4.339
% alkaloids yield with optimum medium conditions of:
95.83 g/mL solid: solvent ratio; 82.67 % (v/v) methanol
concentration and 81.07 min of extraction time which was
determined using desirability function. The model also
showed the Fisher value (F - value) of 22.88 representing a
significant model. The R’ of the model was 0.954 predicting
95.40 % model accuracy. The R? also implies statistical
correlation that exists between the predicted and actual
values, showing a good correlation (0.95) between the
variables. This study indicates that RSM can predict the best
experimental design and identify the relationship between
extraction variables for alkaloids extraction from F.

sycomorus leaves for maximum yield. From the industrial
and environmental points of view, the RSM is more
economical and safer extraction method for alkaloids
extraction.
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