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ABSTRACT 

Neem leaf extract phytochemicals are known for their biochemical and medicinal purposes in treating sickness and 

diseases.  The model patterns with which the phytochemicals (alkaloids, flavonoids, saponins, tannins, and terpernoids) 

changes with temperature is of importance because there are no model relationships to show how this phytochemicals 

changes with temperature and their efficacy and activities depends on temperature. This paper predicts the relationship 

pattern of neem leaf extract phytochemicals at temperatures 25°C, 40°C, 60°C, 80°C and 100°C respectively. The 

experimental results showed that 25°C and 40°C had alkaloids, flavonoids, saponins and terpenoids at medium 

concentrations and tannins at high concentration and above 60°C they diminish. Alkaloids, tannins, saponins and 

terpenoids followed a second order polynomial model pattern with reliability prediction (R
2
) of 0.9964, 0.9971, 0.9949, 

and 0.9939 while flavonoids varied linearly with R
2
 of 0.9955 respectively. The pH and specific gravity of the neem leaf 

extract decreases with increasing temperature while conductivity increases, all in a second order polynomial form with R
2
 

values of 0.9929, 0.9988 and 0.9969 respectively. The high values of reliability prediction showed that the model 

equations perfectly predict the changes taking place and can be used as a model for future scale up processes. 
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1. INTRODUCTION  

The use of herbal medicine from medicinal plants to 

treat sicknesses and diseases has been on since time 

immemorial before the introduction of modern 

medicine. The value of medicinal plants has been 

accepted as a potential source of bioactive compounds 

due to their phytochemical components [1]. Recent 

researches have shown that many phytochemicals could 

protect humans from diseases and sickness such as 

malaria, diabetes, cancer, hypertension, diarrhea, tumor, 

viral infection etc., [1-5]. But there are no research 

works on the prediction patterns which some of these 

phytochemicals follow when heated and their 

subsequent change with temperature. Since 

phytochemicals in plants are responsible for 

biochemical and medical activities in human when 

applied therapeutically.   

Phytochemicals are biologically active chemical 

compound in plants such as alkaloids (Alk), flavonoids 

(flav), tannins (Tan), saponins (Sap), terpenoids (Terp), 

phenols (Phe) etc. Phytochemicals occur naturally in 

plants and are not regarded as plants essential nutrients, 

but are responsible for protecting plant cells against 

hazards that may occur in the form of stress, ultraviolet 

exposure, pollution and pathogenic attacks and are also 

known for their health benefits in humans when 

consumed [2].  

Alkaloids are nitrogen base organic compounds found 

in plant and aid the growth, reproductive and metabolic 

processes in plants. They have anti-arrhythmic and anti-

hypertensive effects in human and also possess 

anticancer and antimalarial activities [4, 6, 7, 8, 9]. 

Tannins are phenolic compounds found in plants. They 

are used as astringents against diarrhea, as diuretics and 

as anti-inflammatory, anti-diabetic, antiseptic and 

antioxidants [2, 4, 10, 11, 12]. 

Terpenoids (isoprenoids) are lipids derived from five 

carbon isoprene units found in plants. Terpenoids are 

known for their medicinal properties such as antitumor 

and anti- inflammatory activity, anticarcinogenic, 

antimalarial, antiulcer, antimicrobial, hepatidal, diuretic 

and anticancer properties [13-16].  
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Flavonoids are phytonutrient compounds found in 

plants and are responsible for the brilliant colours in 

fruits and vegetables. Flavonoids are known to improve 

cardiac function, decrease cholesterol level and also 

regulate hypertension [4, 17, 18]. They are also known 

to acts as antioxidants and protect human body from 

free and non-free radicals [17-18]. 

Saponins are water loving chemical compounds found 

in plants and acts as part of plants' defense system. In 

human they act as antimicrobial agent fighting against 

fungi, bacteria and viruses. They are known for their 

antitumor properties, immunostimulant, hypoglycemic, 

antifungal, antibacterial, antiprotozoal and 

anticarcinogenic properties [19-20].  

Plants leaf such as neem leaf also known as dongoyaro 

in Nigeria and other plants such as bitter leaf, pawpaw 

leaf, plantain leaf etc. have phytochemical properties 

useful for human health.   Neem tree is one of the 

medicinal plants with numerous health benefits known 

to man. It is a fast growing tree with drought resistant 

properties found in India, Africa and America. Its 

leaves are purple-red when young and turns medium 

green colour when mature. 

In the therapeutic use of this plant traditionally, the 

phytochemicals of this plant is obtained by squeezing 

the leaves in water at room temperature or heating or 

boiling the leaves in water. This paper predicts the 

model patterns the phytochemicals concentration 

follows during changing temperature.                      

Other research work carried out on Neem leaf extract 

includes its use as an inhibitor for corrosion of steel in 

acidic environment and in removing oil from waste 

water [21-22].  

 2. METHODOLOGY  

2.1 Materials and Equipment 

Wheatman filter paper (varying no.), UV/VIS 

spectrophotometer (Jenway 6500), Weighing balance 

(Scientech digital (0.01-210 g)), Conical flasks (250 

ml), Soxhlet extractor and thimbles, Rotary evaporator 

(Buchii Product), Desiccator, Beakers (250 ml and 500 

ml.), Buchner funnel and suction pump, Muffle furnace 

(1000°C), Pressure boiler (700°C), 40%  and 2 M 

Sodium Hydroxide (NaOH) solution, Petroleum ether 

(Variable boiling range.), 0.1 M and 2 M Concentrated 

Sulfuric acid (H2SO4), 0.1 M Boric acid, mixed 

indicator of methyl red and methylene blue, 0.1 M 

Hydrochloric acid (HCl), Sodium sulphate (Na2SO4 

crystals), Copper sulphate (CuSO4 crystals), Mayer's 

reagent, Dragendorff's reagent, Ethyl acetate, 

Aluminium chloride, Ammonia solution, Olive oil, 

Ethanol (45%), Ferrous sulphate, Ferrous chloride, 

Lead acetate, Bromine water, Fehling solution A and B, 

Chloroform, cotton wool, aluminum foil. Tannic acid 

solution, saturated sodium carbonate solution, 

methanol, n-butanol, Sodium chloride (NaCl), Diethyl 

ether. 

2.2 Method 

2.2.1 Preparation of plant extract 

Freshly plucked neem stems were brought to the 

laboratory and washed under running water and 

distilled water to remove external impurities. The leaves 

were plucked off from the branches and blended in a 

laboratory blender. 500 grams of blended leaves were 

then soaked in one liter of distilled water. The mixture 

of blended leaves and water was strained through a 

muslin cloth. The viscous extract obtained was used for 

the phytochemical analysis at the different 

temperatures. 

2.2.2 Qualitative procedures for the analysis of 

phytochemicals 

2.2.2.1 Alkaloids identification test 

0.2 grams of neem extract was measured and mixed 

with 2% hydrochloric acid (5ml). The mixture was 

placed in a steam bath and boiled for five minutes. The 

boiled mixture was cooled to room temperature before 

filtration. 1 ml of the filtrate was measured and placed 

in three different test tubes labeled A, B and C 

respectively. Mayer's reagent (two drops) was added to 

test tube A which results in the formation of a cream 

like white precipitate indicating the presence of 

alkaloids. Further confirmation of alkaloids presence in 

the filtrate was carried out by adding Dragendorff's 

reagent (two drops) in test tube B containing 1ml of the 

filtrate. The mixture forms red precipitate which 

confirms alkaloids presence in the filtrate. 

2.2.2.2 Flavonoids identification test 

Qualitative analysis for flavonoid in neem leaf extract 

was carried out by measuring 0.5 gram of neem leaf 

extract and placing it inside a test tube followed by the 

addition of ethyl acetate solution (10 ml). The mixture 

was filtered and 4 ml of the filtered extract was mixed 

with 1% aluminium chloride solution (1ml) in a test 

tube and the reaction proceeded for ten minutes. The 
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appearance of yellowish colour showed that flavonoid 

was present in the filtrate. 

2.2.2.3 Saponins identification test 

 0.1 gram of neem leaf extract was measured and mixed 

with 5 ml of distilled water in a beaker and boiled for 

five minutes. The hot mixture was filtered followed by 

the addition of olive oil (two drops) to 1 ml of the 

filtrate placed in a test tube. The mixture was agitated 

and an emulsion was formed. Saponins presence was 

further confirmed by agitating another 1 ml of the 

filtrate mixed with 4 ml of water in a test tube. A stable 

frothing was formed on standing. 

2.2.2.4   Tannins identification test 

0.2 grams of powdered neem leaf extract was mixed 

with 45% ethanol (5 ml) and boiled in a water bath for 

five minutes. The mixture filtered after allowing it to 

cool to room temperature.  1 ml of the filtrate was 

measured and placed in a test tube and lead acetate 

solution added (3 drops). The appearance of   gelatinous 

precipitate shows the presence of tannins in the filtrate. 

This was further confirmed by measuring 1 ml of the 

filtrate and mixing it with bromine water (0.5 ml). A 

light brown precipitate was formed. 

2.2.2.5   Terpenoids identification test 

0.5 grams of neem leaf extract was measured and 

placed in a test tube followed by careful addition of 

chloroform (2 ml) and concentrated sulphuric acid (3 

ml) respectively. A reddish-brown interface was formed 

which confirms terpenoids presence in the extract. 

2.2.3 Quantitative procedures for the analysis of 

phytochemicals 

2.2.3.1     Determination of Alkaloids 

The procedure for quantitative analysis of alkaloid 

follows similar procedure adopted by Harbone 

gravimetric method [23] with modification. The 

procedure is as follows, 5 grams of powdered neem leaf 

extract  was measured and placed inside a beaker (250 

ml) followed by the addition of 200 ml acetic acid 

(10%). The mixture was covered with aluminum foil 

and allowed to stand for four hours before it was 

filtered. The extract was further concentrated to about ¼ 

of its initial volume in a water bath followed by drop 

wise addition of concentrated ammonium hydroxide to 

form precipitation. The precipitate was filtered using 

Wheatman filter paper and washed using dilute 

ammonium hydroxide solution. The residue was dried 

in an oven at 65°C until completely dried. It was then 

weighed as the alkaloids obtained. The percentage of 

alkaloid obtained was calculated using Equation 1, 

where A is the weight of measured neem leaf extract 

and B represents the weight of the dried precipitate. 

   

This procedure was repeated but this time the filtrate 

was subjected to heating at temperatures 40°C, 60°C, 

80°C and 100°C respectively before calculating 

alkaloids percentage. 

2.2.3.2 Determination of Flavonoids  

Flavonoids analysis was carried out following similar 

method adopted by Bohm and Koupal-Abyazani [24] 

with modifications. In this method, 10 grams of finely 

grounded neem leaf extract was measured and placed in 

a beaker at room temperature and 100 ml aqueous 

methanol (80%) was added for extraction. After 

extraction, the extracts were filtered using Wheatman’s 

filter paper. The filtrate was placed in a porcelain 

crucible and heated to dryness in a water bath. The 

dried filtrate was then weighed. Percentage flavonoids 

were obtained by applying Equation 2. 

            

 The letter B is the weight of dried filtrate and S is the 

weight of grounded neem leaf extract. The process was 

repeated by heating the filtrate at 40°C, 60°C, 80°C and 

100°C respectively before heating to dryness. 

2.2.3.3 Determination of Saponins 

Quantitative values for saponins were obtained 

following similar method adopted by Obadoni and 

Ochuko [25]. In the procedure finely grounded neem 

leaf extract was measured (10 grams) and placed in a 

conical flask (100 ml) followed by the addition of 20% 

ethanol solution (50 ml). The extract mixture was 

stirred continuously in a water bath regulated at 55°C 

for hours (approximately 4 hours) before filtration. 

Further extraction of the residue left after filtration was 

carried out by mixing the residue with an aliquot of 

ethanol solution. The extracts obtained from the two 

processes were mixed together to obtain 40 ml 

concentrate in a water bath regulated at 90°C. The 

resultant mixture was agitated with diethyl ether 

solution (10 ml) in a 250 ml separating funnel. Two 

layers were formed in the funnel. The aqueous layer 

was recovered from the funnel while the ether layer was 
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removed. Further extraction of the aqueous layer was 

carried out using 30 ml n-butanol mixed with aqueous 

sodium chloride twice. The extract solution was then 

heated to dryness using a water bath and further dried to 

constant weight in an oven.  The percentage of saponins 

formed was calculated by applying Equation 3, where 

Wr is the weight of residue and Ws is the weight of the 

finely ground neem leaf extract.. 

           

The procedure was repeated by combining both extract 

and heating them at temperatures 40°C, 60°C, 80°C, 

100°C respectively before heating to dryness and 

calculating percentage saponins. 

2.2.3.4 Determination of Tannins 

The quantitative values for tannins were obtained by 

following similar method adopted by Pearson [26]. In 

the procedure, 1 gram of neem leaf extract was mixed 

with 10 ml of distilled water and agitated for ten 

minutes. The mixture was left to settle down for about 

thirty minutes and then centrifuged for another ten 

minutes at 3000 revolution per minute. An aliquot of 

the supernatant (2.5 ml) was measured and placed in 50 

ml volumetric flask. Another aliquot of 2.5 ml aqueous 

tannic acid was measured and placed in another 

volumetric flask. Folin-Denis reagent (1 ml) was added 

to the volumetric flasks containing the supernatant and 

tannic acid solution respectively. Saturated sodium 

trioxocarbonate solution (2.5 ml) was added to the 

flasks and the flasks placed in an incubator for ninety 

minute. Spectrophotometer (UV/VIS) analysis was 

carried out to determine the absorbance at 250 nm. The 

percentage tannin content was obtained from Equation 

4. 

 

Where; W = weight of neem leaf extract, An = 

absorbance of supernatant, As = absorbance of tannic 

solution, C = concentration of standard tannin solution, 

Vf = total volume of extract used, and Va = volume of 

analyzed extract. The procedure was repeated with the 

supernatant extract heated to temperatures 40°C, 60°C, 

80°C and100°C respectively. 

2.2.3.5    Determination of Terpenoids 

In the determination of terpenoids, the Ferguson’s 

method was adopted [27]. In this method 1.0 grams of 

finely grounded neem leaf extract was placed in a test 

tube and methanol added. The mixture was left for 24 

hours before filtering using cotton wool. After filtering, 

the cotton wool was washed with fresh methanol (10 

ml). The filtrate was removed and placed in a 

volumetric flask where further extraction was carried 

out using petroleum ether (50 ml). The extracts were 

evaporated to dryness with constant weight using water 

bath. Percentage terpenoids were obtained by applying 

equation 5, where Wr is the weight of residue (dried 

extracts) and Ws is the weight of finely grounded neem 

leaf extracts. 

           

The procedure was repeated with the extraction of the 

filtrate at temperatures 40°C, 60°C, 80°C and 100°C 

respectively before evaporating to dryness.  

3. RESULTS AND DISCUSSION 

Table 1 showed the qualitative analysis of neem leaf 

extract for alkaloids, flavonoids, saponins, tannins and 

terpenoids at increasing temperatures in triplicates. In 

the table, all the phytochemicals were present at room 

temperature 25°C and at 40°C.  These two temperatures 

showed that tannins had high concentrations while 

alkaloids, flavonoids and terpenoids are of medium 

concentrations and saponins had low concentration. The 

table also showed that as the temperature increased to 

60°C, the concentration of tannins reduces to medium 

while that of alkaloids, saponins, terpenoids and 

flavonoids reduces to low concentrations. At 

temperatures above 60°C, the phytochemical 

concentration of the neem leaf extract reduced to low 

concentration and some samples showed negative 

indicating absence of phytochemicals.  

This result is corroborated with the quantitative analysis 

of the neem leaf phytochemicals shown in Table 2. In 

the table, Tannins had the highest percentage values at 

room temperatures (25°C) followed at 40°C. The other 

phytochemicals (alkaloids, flavonoids, terpenoids, 

saponins, tannins) had medium values at these two 

temperatures and also at 60°C. The value of these 

phytochemicals diminishes as the temperature 

increases. A sharp drop in the concentration of the 

phytochemicals was observed at 80°C and 100°C with 

the minimum values at 100°C. 

The results from the two Tables (1 and 2) showed that 

the best temperature for neem leaf extract 

phytochemicals is at room temperature or at 40°C. This 
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is because at these temperatures all the phytochemicals 

screened were present in high and medium amount that 

can function as biochemical or medicinal agents.  

Situations where heating is involved to extract the 

phytochemicals and to minimize bacteria’s 

contamination, neem leaf extract should not be heated 

above 60°C. Because at this temperature the 

phytochemicals are still present in considerable amount 

and can function effectively relative to room 

temperature and 40°C.  Heating at temperatures above 

60°C reduces the amount of phytochemicals in the leaf 

extract which in turn reduces the efficacy of neem leaf.

 

Table 1 Qualitative phytochemical screening of Neem leaf extract at varying temperature (+++   High concentration, 

++    Medium concentration, + Low concentration) 

Temp. (°C) Triplicate runs      Alkaloids Flavonoids Saponins. Tannins. Terpenoids. 

 

25 

1 

2 

3 

++ 

++ 

++ 

++ 

++ 

++ 

+ 

+ 

+ 

+++ 

+++ 

+++ 

++ 

++ 

++ 

 

40 

1 

2 

3 

++ 

+ 

++ 

++ 

+ 

++ 

+ 

+ 

+ 

+++ 

++ 

+++ 

++ 

++ 

++ 

 

60 

1 

2 

3 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

++ 

++ 

+ 

++ 

++ 

+ 

 

80 

1 

2 

3 

+ 

+ 

- 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

- 

+ 

- 

+ 

 

100 

1 

2 

3 

- 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

+ 

- 

- 

+ 

 

Table 2 Quantitative phytochemical screening of Neem leaf extracts showing percentage composition (%) at varying 

temperature 

Temp. (°C) Triplicate runs      Alkaloids Flavonoids Saponins. Tannins. Terpenoids. 

 

25 

1 

2 

3 

Average 

0.65 

0.66 

0.64 

0.65 

0.78 

0.78 

0.78 

0.78 

1.68 

1.70 

1.67 

1.68 

7.82 

7.80 

7.78 

7.80 

1.23 

1.20 

1.25 

1.23 

 

40 

1 

2 

3 

Average 

0.60 

0.62 

0.61 

0.61 

0.73 

0.71 

0.72 

0.72 

1.57 

1.54 

1.53 

1.55 

7.60 

7.61 

7.59 

7.60 

1.21 

1.20 

1.22 

1.21 

 

60 

1 

2 

3 

Average 

0.56 

0.58 

0.57 

0.57 

0.63 

0.64 

0.62 

0.63 

1.34 

1.36 

1.35 

1.35 

6.66 

6.65 

6.66 

6.66 

1.18 

1.16 

1.17 

1.17 

 

80 

1 

2 

3 

Average 

0.50 

0.50 

0.46 

0.49 

0.56 

0.57 

0.58 

0.57 

1.04 

1.02 

1.01 

1.02 

5.52 

5.56 

5.54 

5.54 

1.01 

1.00 

1.00 

1.00 

 

100 

1 

2 

3 

Average 

0.38 

0.39 

0.37 

0.38 

0.48 

0.46 

0.47 

0.47 

0.80 

0.76 

0.78 

0.78 

4.25 

4.23 

4.24 

4.24 

0.82 

0.81 

0.82 

0.82 
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Table 3 shows the pH, specific gravity (Sp.Gr) and 

conductivity (Cond) of neem leaf extract 

phytochemicals at increasing temperatures. It is 

observed from the table that the pH and specific gravity 

are decreasing as the temperature increases while the 

conductivity is increasing with increasing temperatures. 

The decreasing pH showed that the neem 

phytochemicals are becoming more acidic in solution as 

the temperature increases and the decreasing specific 

gravity indicates that the phytochemicals in solutions 

becomes less dense than water as the temperature 

increases. On the other hand, the conductivity of the 

neem leaf phytochemicals increases with increasing 

temperature due to the presence of ions resulting from 

the acidic nature of the extract solution. 

 

Table 3 pH, Conductivity and specific gravity of neem leaf juice at varying temperatures. 

Temp. (°C) Triplicate runs pH Conductivity (µS) Specific Gravity        

 

25 

1 

2 

3 

Average 

6.25 

6.24 

6.26 

6.25 

3320 

3318 

3324 

3321 

1.068 

1.070 

1.066 

1.068 

 

40 

1 

2 

3 

Average 

6.08 

6.10 

6.06 

6.08 

3370 

3368 

3371 

3370 

1.041 

1.040 

1.040 

1.040 

 

60 

1 

2 

3 

Average 

5.80 

5.82 

5.84 

5.82 

3840 

3845 

3842 

3842 

1.018 

1.016 

1.017 

1.017 

 

80 

1 

2 

3 

Average 

5.51 

5.50 

5.50 

5.50 

4486 

4500 

4486 

4491 

1.000 

0.999 

1.008 

1.002 

 

100 

1 

2 

3 

Average 

4.85 

4.80 

4.83 

4.83 

5820 

5818 

5800 

5813 

0.998 

0.994 

0.996 

0.996 

 

These relationships were graphically presented and the 

points on the graphs showed the model relationship on 

how the phytochemicals responds to varying 

temperatures. Fig. 1 shows the plot of average 

quantitative values of alkaloids percentage against 

varying temperatures. The alkaloid concentrations were 

found to decrease in a second order polynomial form 

with increasing temperature. This was predicted as 

shown in the model equation from the relationship in 

equation 6. 

                 6 

Equation 6 has reliability prediction (R
2
) of 0.9964 

which can be easily approximated to 1 and showed that 

the model equation perfectly predicts the change in 

percentage alkaloids with varying temperature.  

 

Fig. 1 Percentage Alkaloids against Temperature 
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Fig. 2 Percentage flavonoids against Temperature 

Fig. 2 shows the plot of percentage flavonoids against 

varying temperature and the model relationship predicts 

that percentage flavonoids varies linearly with 

increasing temperatures. The predicting equation is 

shown in equation 7 with R
2
of 0.9955 approximately 1. 

This also indicates that the model relationship perfectly 

predicts the change in percentage flavonoids with 

varying temperature.  

Similar model equations were obtained for plot of 

percentage saponins against temperature in Fig. 3, 

percentage tannins against temperature in Fig. 4 and 

percentage terpenoids against temperature in Fig. 5. The 

results showed that percentage saponins varied with 

second order polynomial form with increasing 

temperature and had R
2
of 0.9949 as shown in equation 

8. Tannins and terpenoids also varied with second order 

polynomial form with varying temperature as shown in 

the model equation 9 and 10 with R
2
 of 0.9971 and 

0.9939 respectively. These high values of reliability 

predictions for saponins, tannins and terpenoids 

approximately 1, showed that the model equations 

predict perfectly the relation of these phytochemicals 

with varying temperatures. 

 

Fig. 3 Percentage Saponins against Temperature 

                          7   

                 8 

              9 

              10 

 

Fig. 4 Percentage Tannins against Temperature 

 

Fig. 5 Percentage Terpenoids against Temperature 

Predicting model equation for change in pH, 

conductivity and specific gravity for the neem leaf 

phytochemicals was also carried out. Equation 11, 12 

and 13 showed that the pH, specific gravity and 

conductivity of the neem leaf phytochemicals varied 

polynomially with changing temperature with R
2
 of 

0.9929, 0.9988 and 0.9969 respectively. Fig. 6, 7 and 8 

showed the graphical relationships of pH, specific 

gravity and conductivity against varying temperature 

respectively. The prediction reliability values for pH, 

specific gravity and conductivity showed that the 

equation perfectively predicts the relationships. 

         11                         

               12                         

               13 



Orlando et al., / Journal of Advanced Engineering Research, 2020, 7 (1), 11-19 

Research Article                  18 www.jaeronline.com 

 

Fig. 6  pH against Temperature 

 

Fig. 7.Specific gravity against Temperature 

 

Fig. 8 Specific gravity against Temperature 

4. CONCLUSION 

The phytochemical analysis data for alkaloids, 

flavonoids, saponins, tannins and terpenoids for neem 

leaf extract reveals that the phytochemicals 

concentration decreases with increasing temperature. 

The neem leaf extract extracted at 25°C and 40°C had 

high and medium phytochemical concentrations.  

Moderate concentration of phytochemicals were 

observed at 60°C and above 60°C, the phytochemicals 

concentration diminishes. The phytochemicals alkaloid, 

tannin, saponin and terpenoid concentrations varied 

with temperature following a second order polynomial 

pattern with R
2 

of 0.9964, 0.9971, 0.9949, 0.9939 

respectively. Flavonoid varied linearly with changing 

temperature with R
2
 of 0.9955. The reliability 

prediction values approximately 1 indicates that the 

model equations obtained predicts perfectively the 

relationship between the phytochemicals concentration 

and temperature change. The pH and specific gravity of 

the juice also decreases with increasing temperature 

following a second order polynomial pattern while the 

conductivity increases as temperature increases in a 

second order polynomial form too.  Their reliability 

prediction values are 0.9929, 0.9988 and 0.9969 

respectively. The decreasing pH and specific gravity 

and increasing conductivity showed that as temperature 

increases the phytochemicals in solution become more 

acidic and less dense than water and more conducting 

as an electrolyte. 
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