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ABSTRACT  
The Medicinal plant parts are commonly rich in phenolic compounds, such as flavonoids, phenolic acids, tannins and coumarins,the present 
study was performed to assess the extraction conditions of total phenolic compounds from Apium graveolens seeds with respect to the time 
and solvent (methanol, ethanol) concentration. A randomized central composite rotatable design was using to evaluate the effect of 
extraction time, solvent concentration on the phenolic content by response surface analysis. Predicted model equations was using to describe 
the experimental data regarding, phenolic compound with significant variation in the linear, quadratic, and interaction effects of the 
independent variables, analysis of regression model (ANOVA) is also realized. p value <0.05 was regarded as significant; highly significant 
at p<0.01 and strongly significant at p<0.001. The results shows a positive correlation between total phenolic compound and the experiment 
conditions with good regression coefficient (R2=0.19, p=0.00001) for total phenol, (R2=0.57, p=0.0005) for flavonoids and tannins (R2=0.96, 
p=0.005), would indicate more significant effect on the respective response variables. Concerning optimal extraction condition, it revealed 
that for obtaining highest TPC (792.12±0.84 mg GAE/100g dw) from Apium graveolens seeds,we must use: Concentration of alcohol of 
60% and ET 162.43 min, for TFC (190.79±0.94 mg GAE/100g dw) and highest TTC (243.36±0.94 mg GAE/100g dw) same conditions 
were recommended: Concentration of methanol of 60% and ET of 120 min.However,the optimal conditions of ethanol extraction process 
relived that highest TPC (825.85±0.89 mg GAE/100g dw) from Apium graveolens seeds were determined using Concentration of alcohol of 
31.71% and ET of 204.85 min, highest TFC (177.57±0.49 mg GAE/100g dw)in interval of 35.14min with 74,14%, for highest TTC 
(243.36±0.94 mg GAE/100g dw) it was recommended 60% of ethanol concentration and ET of 204.85 min.,The results have shown also  
that increasing methanol concentration, in the extraction process of TFC, was better than prolonging ET. 
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INTRODUCTION 
 
 Medicinal plants have been used in folk medicine for treatment of many diseases. The results of scientific 
investigations of medicinal plants for treating several diseases, including infectious diseases, cancer Shirzad et 
al. [22], diabetes Sedigheh et al. [21], atherosclerosis Rafieian-Kopaei et al. [19] have been very promising. 
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 Medicinal plant parts are commonly rich in phenolic compounds, such as flavonoids, phenolic acids, 
stilbenes, tannins, coumarins, lignans and lignins Yu-Ling HO et al., [25], In recent years, the extract of many 
plants has been screened for their antioxidant activities El diwani et al. [8]. 

Extraction of bioactive compounds from medicinal plants permits the demonstration of their physiological 
activity. It also facilitates pharmacology studies leading to synthesis of a more potent drug with reduced toxicity 
Pamplona GD et al, [17],Phenolic compounds represent a unique and a functional place, composed of bioactive 
products, present in plant-derived foods and beverages and included in the formulations of well-marketed 
cosmetic and parapharmaceutical products Ferrazzano et al. [9] Furthermore, polyphenols exhibit various 
biological activities such as anticancer Berghe, W.V. [2] antioxidant kazeem et al. [11] antimicrobial Konaté et 
al. [13], and anti-inflammatory activities Lolayekar and Shanbhag,[14]. Therefore, in recent years, the 
Determination of phenolic compounds concentrations in fruits Dragovic et al. [7], Vegetables D’Archivio et al., 
[6] and some aromatic and medicinal plants N’Guessan et al. [15], has been of increasing interest in the 
scientific community as well as among health professionals and business partners. Okuda et al. [16] 
 Apium graveolens (of the family Apiaceae) is a vegetable commonly referred to as 'Celery', which has 
apparently been cultivated for over 3000 years mostly in Egypt Shinnawy NA [23] The term 'celeriac' refers to a 
variant of this species known as apium graveolens var. rapaceum. Despite the stem being the most commonly 
ingested portion of the plant as a common vegetable, the seeds of celery appear to have been used for medicinal 
purposes (Egypt and China) to treat; bronchitis, asthma, liver and spleen diseases and with hepatoprotective 
activity against many hepatotoxins. Singh A and Handa SS [24]. It has also been reported to be diluted in 
beverages and drunk with wine to cool a hot temper. Jäger, AK et al [10].   
 
 The purpose of the current study was to investigate the effects of different extracting conditions 
(organicsolvent type, concentration of organic solvent and time) on the extraction of phenolic compounds (total 
phenolic content, TPC; total flavonoid content, TFC; and total condensed tannins, TTC) fromApium Graveolens 
seeds. 

MATERIAL AND METHODS 
 
Plant material: 
 Apium graveolens seeds was obtained from ITCI (Technical institution of industrial cultures) of Sidi bel 
abbes, west Algeria, in January 2015. Seeds were cleaned and stored in laboratory at room temperature until use. 
Before extraction, the seeds was milled using a laboratory grinder (IKA A11 basic). 
 The fine powder was packed and stored at room temperature in a dry and dark place until use. 
 
Extraction process: 
 Two grams of powder seeds were macerated with 20ml of methanol and ethanol with tree different 
percentage (80%, 60% and 40%) in order into Erlenmeyer the upper part was then covered with parafilm and 
later covered with aluminium foil at the top to avoid evaporation and kept respectively for 1 hour, 2 hours and 3 
hours in room temperature then the methanolic and ethanolic extract was   filtered through whatman NO. 1 filter 
paper and kept in the dark at 40C.   
 
Determination of total phenolic compound: 
1. Total phenolic content (TFC): 
 The phenolic total (TPC) of plant extract was determined by spectrometric method using Folin-Ciocalteu 
according to Benhammou et al. [1]. with some modification. Two hundred microliter of each sample was added 
in the test tube followed by 1ml of Folin-Ciocalteu diluted 10 times with distillate water and 0.8ml of 7.5% 
sodium carbonate.  
 After 30min, absorbance was measured at 750nm against a blank reaction. Using a spectrophotometer and a 
Gallic acid as standard  
y = 0.0033x + 0.059, R² = 0.991            (1) 
 The results were expressed as equivalent of Gallic acid (GAE) in mg per 100g Apium graveolens seeds in 
dry weight basis (dw). 
 
2. Total flavonoids content (TFC): 
 Total flavonoids in seeds were measured with aluminium chloride (AlCl3) with catechine as standard, 
according to Kim et al. [12] with a slight modification.  
 For the determination of total flavonoids, an aliquot of the extract (500μL) was added to 10mL test tube 
containing 1.5mL of distilled water. 0.3mL of 5% NaNO2 was added to each mixture and rested for 5min before 
Addition of 0.3mL 10% AlCl3. After 6min, 2mL of 1M NaOH was added and blender for 10s.  
 The absorbance of reaction was measured at 510nm. Results were expressed as Catechin Equivalent (CE) 
mg/g dry weight by comparison with the catechine standard curve.  
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y = 0.0108+ 0.0258, R² = 0.9921                 (2) 
 The total flavonoids content was calculated as catechine (mg CE/g dry weight) using the following formula 
based on the calibration curve. 
 
Table 1: Independent variables and their coded and actual values used for optimization. 

Independent variables Units Symbols 
Coded levels 

-α(axial) -1 0 +1 +α(axial) 

ET (min)  35.14 60 120 180 204.85 

Solvent  concentration (%)  31.71 40 60 80 88.28 

 
Table 2: Experimental design conditions and yields of total phenolic content (TPC), total flavonoid content (TFC), and total tannins content 
      (CTC) from Apium graveolens seeds extracts using methanol solvent. 

Run order Time SC TPC a TFC a CTC a 

 (min) (%) (mg GAE/100g dw) (mg GAE/100g dw) (mg GAE/100g dw) 

      
1 60.00 40.00 737.27 185.66 18.81 
2 60.00 80.00 594.54 155.48 39.72 
3 180.00 40.00 830.90 156.03 33.36 
4 180.00 80.00 805.75 196.03 67.00 
5 120.00 60.00 773.03 161.03 35.18 
6 120.00 60.00 700.30 174.37 33.36 
7 120.00 60.00 789.39 167.24 40.00 
8 35.14 60.00 756.06 166.12 27.90 
9 204.85 60.00 784.24 147.24 65.18 
10 120.00 88.28 669.39 147.88 13.36 
11 120.00 31.71 800.60 87.18 51.54 

a: mean of duplicate runs; SC: Solvent concentration; TPC: Total phenolic content; TFC: Total flavonoid content; TTC : Total tannins 
content; GAE: Gallic acid equivalent; dw: Dry weight. 
 
Table 3: Experimental design conditions and yields of total phenolic content (TPC), total flavonoid content (TFC), and total tannins content 
       (TTC) from Apium graveolens seeds extracts using ethanol solvent. 

Run order Time SC TPC a TFC a CTC a 

 (min) (%) (mg GAE/100g dw) (mg GAE/100g dw) (mg GAE/100g dw) 

      
1 60.00 40.00 428.18 73.53 21.54 
2 60.00 80.00 567.87 124.00 6.09 
3 180.00 40.00 710.30 65.38 24.27 
4 180.00 80.00 703.03 173.25 14.27 
5 120.00 60.00 780.30 192.33 223.36 
6 120.00 60.00 792.12 188.07 226.09 
7 120.00 60.00 787.57 191.96 280.63 
8 35.14 60.00 668.48 139.18 30.63 
9 204.85 60.00 672.72 138.72 67.00 
10 120.00 88.28 476.06 153.53 27.00 
11 120.00 31.71 664.54 176.50 35.18 

a: mean of duplicate runs; SC: Solvent concentration; TPC: Total phenolic content; TFC: Total flavonoid content; TTC : Total tannins 
content; GAE: Gallic acid equivalent; dw: Dry weight. 
 
Table 4: Analysis of variance results representing linear, quadratic and interaction terms of each variable and coefficient for the prediction 
       model (Methanol solvent). 

Source 
Total phenols Total Flavonoids Total  Tannins 

df  p df  p df  p 

Model 3 786.66 0.000019*** 3 190.79 0.000051*** 3 243.36 0.005823*** 

 1 52.90 0.001583** 1 5.05 0.026148* 1 7.79 0.565549 

 1 -16.76 0.015437* 1 15.72 0.002800** 1 -4.62 0.724577 

 1 -62.55 0.001604** 1 -36.65 0.000733*** 1 -103.12 0.016940* 

 1 -112.70 0.00495  ** 1 -23.62 0.001762** 1 -111.98 0.014420* 

 1 -36.74 0.006517** 1 14.35 0.006689** 1 1.36 0.940416 

Lake of fit 3  0.002551** 3  0.001972** 3  0.758022 

  0.71   0.57   0.96  

 
 0.43   0.15   0.93  

df: degree of freedom; : Coefficient; Lake of fit : Lake of fitness; : Linear; : Quadratic; : Interaction of variables (1: Time, 2: 

Solvent concentration); : Multiple R-squared; : Adjusted R-squared; p: p value; (* ) significant at p<0.05; (** ) highly significant at 

p<0.01; (*** ) strongly significant at p<0.001.  
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Table 5: Analysis of variance results representing linear, quadratic and interaction terms of each variable and coefficient for the prediction 
       model (Ethanol solvent). 

source 
Total phenols Total Flavonoids Total  Tannins 

df β p df  p df  p 

Model 3 754,24 0,001315** 3 167.54 0.000528*** 3 36.18 0.002981** 

 
1 43,08 0,123901 1 -1.97 0.490870 1 11.81 0.010365* 

 
1 -44,18 0,118886 1 11.96 0.036743* 1 0.06 0.960067 

 1 5,34 0,814060 1 3.61 0.326396 1 5.23 0.068213 

 1 -12,23 0,602258 1 -15.96 0.029565* 1 -1.80 0.337130 

 
1 29,39 0,340837 1 17.54 0.034299* 1 3.18 0.204648 

Lake of fit 3  0,454485 3  0.036753* 3  0.023256* 

  0,722   0.542   0.477  

  0,445   0.084   0.000  

df: Degree of freedom; : Coefficient; Lake of fit : Lake of fitness; : Linear; : Quadratic; : Interaction of variables (1: Time, 2: 

Solvent concentration); : Multiple R-squared; : Adjusted R-squared; p: p value; (* ) significant at p<0.05; (** ) highly significant at 

p<0.01; (*** ) strongly significant at p<0.001. 
 

 
 
 Fig. 1: Response surface plots showing interaction between methanol concentration (X2) and extraction time 
      (X1) on TPC of Apium graveolens seeds.  
 
Condensed tannins content (TTC):  
 Condensed tannins content was determined by using the vanillin-HCl method reported by Price et al. 
(1978) [18]   Aliquots (0.1ml) of each extract were mixed with 3ml of 4% vanillin and 1.5ml of HCl reagent in 
test tube, incubated during 20min at room temperature and the absorbance was read at 500nm.  
 Catechine was used as standard and the results obtained were expressed as mg catechine equivalent/g dry 
weight. 
y = 0.0011x – 0.0003, R² = 0.9951                 (3) 
 
Experimental design: 
 The values of responses at different experimental combinations were given in (Table 2). To explore the 
effect of independent variables on the response within the range of investigation a central composite rotate 
design with two independent variables and tree levels ( : Extraction time (ET), 60min, 120min and 180min; 

: ethanol or methanol concentration (EC, MC), 40%,60% and 80%) was performed (Table 1). The total 
phenol compound (TPC), total flavonoids compound (TFC) and condensed tannins content (TTC) was 
considered as the dependent variables or responses. For a central composite rotate design with two independent 
variables, 11 experimental runs were required. The experimental results were fitted to a second order 
polynomial model, and the regression coefficients were determined. The quadratic model for predicting the 
optimal point was expressed according to (Equation 4): 

 
 Where , ,  and  are constant regression coefficients of the model, while ,  are the 

independent variables. 
 
Statistical analysis: 
 All data collected from extraction experiments were centred by using three parallel measurements of mean 
± SD. The data of RSM were analysed using Statistical Analysis System (STATISTICA version 10, StatSoft. 
Inc. 2011. Tulsa, USA) and used to design central composite rotatable design and analyse the experimental data. 
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The analysis of regression model (ANOVA) is also realized. p value <0.05 was regarded as significant; highly 
significant at p<0.01 and strongly significant at p<0.001. 

  
 

Fig. 2: Response surface plots showing interaction between methanol concentration (X2) and extraction time 
     (X1) on TFC of Apium graveolens seeds 
 

 
 

Fig. 3: Response surface plots showing interaction between methanol concentration (X2) and extraction time 
     (X1) on TTC of Apium graveolens seeds. 

 

  
 

Fig. 4: Response surface plots showing interaction between ethanol concentration (X2) and extraction time (X1) 
     on TPC of Apium graveolens seeds. 

 

  
 

Fig. 5: Response surface plots showing interaction between ethanol concentration (X2) and extraction time (X1) 
     on TFC of Apium graveolens seeds. 
 
Results: 
• Effect of extraction conditions on polyphenol compounds using methanol solvent: 
Model fitting: 
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 The effect of ET and methanol concentration on TPC, TFC and TTC are shown in Figure 1, 2 and 3 
respectively. The relationship between each of TPC ( ), TFC ( ) and CTC ( ) and extraction parameters ( 
and ) are indicated in (Equation 5, 6 and 7). After analysis, the regression model can be described by the 
following quadratic polynomial in terms of coded values: 

 
 
 

 

  
 
Fig. 6: Response surface plots showing interaction between ethanol concentration (X2) and extraction time (X1) 
      on TTC of Apium graveolens seeds. 
 
Analysis of variance: 
 The coefficients of the above (Equation 5, 6 and 7) were calculated, and the linearity and quadratic effect of 
the treatment variables, their interactions and coefficients on the response variables, were obtained by analysis 
of variance (ANOVA), The significance of each coefficient was determined using the p value (Table 4).  
 For TPC, results suggested a good fit with the (Equation 5) because the model was acceptable at p<0.001 
and adequate with satisfactory coefficient of determination ( ) of 71.94%. The predicted model seemed to 
reasonably represent the observed values. The factor p value (p<0.001) correspond to time extraction (), and p 
value corresponding to methanol concentration () were smaller (p = 0.015), that’s way; it is more efficient to 
increase time than methanol concentration. These results suggested that the time extraction and methanol 
concentration were directly related to TPC. In addition, the coefficient of determination () was the proportion 
of variability in the data explained or accounted for by the model, thus, the value of  (0.719) implied that the 
sample variations of 71.94% for the TPC was attributable 
 To the independent variables, and the adjusted ( ) of the equation was 0.4389 (Table 4), suggesting a 

quite good correlation between the independent variables. However, for TFC, increasing methanol concentration 
is much better with a p value of 0.0028 against 0.026 with higher ET. According to the TTC values obtained in 
(table 4), a perfect correlation was attributed to the model (96.76%), with p value of 0.005, in addition, p value 
of 0.01, indicated that, both factors have only quadratic effect on dependent variable. 
 These results also suggested that the extraction concentration was primarily determined by the significant 
linear and quadratic terms. Also, both extraction conditions, showed that all factors effect was negative 
( , , ) (Equation 5) except for linear time effect which was positive 
( ). The coefficients of interaction were significant, with negative effect ( ). It 
revealed that, extraction conditions for TFC were significant and displayed positive linear effect and negative 
quadratic effect, with positive interaction effect. Concerning TTC model, independent variables has only 
significant and negative effect, whereas insignificant linear effect was showed, the results indicated that the 
mutual interactions between methanol concentration and ET were not significant.  
 
Analysis of response surfaces: 
 Through the Three-dimensional (3D) plots, it is very easy to determine their optimum levels, also to 
understand the interactions between two independent variables. The relationship between independent and 
dependent variables is illustrated in 3D representation of the response surfaces and the model for dependent 
variables generated the 2D elliptical contour plot.  
 As shown in (Figure 1), both ET and methanol concentration, exerted a quadratic effect on TPC, which is 
the same as the results in (Table 4), especially from 120 to 180min, with methanol level between 45 and 65%. 
The interactions between these two factors were significant (p value of  = 0.006). 2D plot described the 
interaction effects of both factors (Figure 2), as can be seen, linear positive effect was explained by large 
elliptical contour tending in higher time and lower methanol direction, indicating that extraction was more 
influenced by time than solvent. The results indicated that the efficient extraction period for achieving 
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maximum TPC was about 160min. In inverse, TFC extraction was explained by a negative quadratic effect of 
methanol level, which means that the curve was tending to lower value of methanol. Either factors had a 
positive linear effect, with higher coefficient of methanol concentration, and significant interaction, so 
graphically; elliptical contour was larger and tending to upper values of methanol. Optimum levels were 
between 110 and 150min with 60 to 75% of methanol. The response surface indicated that extraction yield 
showed noticeable increases depending upon the methanol concentration. As can be seen, no mutual interaction 
was noticed, optimal condition was described as fellow: 50 to 70% with 90 to 150 min. 
 
Optimal processing conditions: 
 The optimum values of selected variables were selected based on response surface. In summary, the optimal 
conditions of methanol process extraction to obtain the highest TPC (792.12±0.84 mg GAE/100g dw) from 
Apium graveolens seeds were determined as follows: Concentration of alcohol of 60% and ET of 162.43 
min.Our results are in line with those found by Karim Bouterfas et a l [3].,Chan et al. [4] and Chew et al. [5] 
who found that 60% aqueous methanol gave the best effectiveness extracting TPC fromMarrubium vulgar 
leaves,Citrus hystrix peels and Centella asiatica leaves, respectively.Concerning optimal extraction condition, it 
revealed that for obtaining highest TFC (190.79±0.94 mg GAE/100g dw) and highest TTC (243.36±0.94 mg 
GAE/100g dw) same conditions were recommended: Concentration of methanol of 60% and ET of 120 min. 
Our data was in agreement with those reported by bouterfas et al [3]. in other studies, it has been noticed that 
60% aqueous methanol was the best concentration for TTC extraction  from Cichorium intybus . roots, leaves, 
stems and seeds 
 
• Effect of extraction conditions on Polyphenol compounds using ethanol solvent: 
Model fitting: 
 According to ET ( ) and ethanol concentration (), equations 8, 9 and 10 were performed respectively for 
TPC ( ), TFC ( ) and TTC ( ) as fellow: 

 
 

 
 
Analysis of variance: 
 Concerning TPC, it was found that the linear and quadratic effect of each conditions and there interaction 
were not significant, as displayed in the analysis of the model (table 5), which was highly significant (p<0.001), 
and moderate correlation ( ). It was showed, that only ethanol concentration had significant influence 
(linear, p=0.03; quadratic, p=0.02) on TFC witha significant interaction effect (p=0.03) (table 5). As can be 
seen, with TTC model, it was to notice, that was a significant linear effect (Table 5). 
 The results of the study also represented that the ethanol concentration had a negative effect wile time 
extraction had a positive effect on TPC (equation 8). Negative time linear effect and positive quadratic time 
effect was showed with TFC, however, it was indicated a positive linear time effect and negative quadratic time 
effect with higher coefficient, which influenced TFC, followed by ET (equation 9). TTC were shown as time 
dependent, because of positive linear and quadratic time effect, with higher value for the first, whereas negative 
quadratic effect was noticed (equation 10). 
 
Analysis of response surfaces: 
 the 3D response surfaces and the elliptical contour plot, showed the combined effect of ethanol 
concentration and ET on the TPC, and it revealed that at low and high levels of the ET (<40min, >200), with 
low and medium levels of ethanol concentration (<20%, 45-85%), respectively, TPC was maximal. it can be 
seen that the time effect was not very obvious at a given temperature as the surface was relatively flat. elliptical 
contour plot indicated that both factors have slight effects on TPC, without interaction effects, but more 
dependent to ethanol levels ( ), which was indicated in (Table 5). Concerning TFC, as represented, 
it was showed a linear and quadratic effect of ethanol concentration with slight effect of time extraction, and 
mutual interaction was noticed, optimal conditions was 75-95% with 210-220min and 45-55% with 20-30 min. 
 TTC was significantly time dependant and increased with high levels of ethanol, especially from 60 to 
100%. The results indicated that the efficient extraction period for achieving maximum concentration of tannin 
was about 90%. The results have shown that increasing ethanol levels in the extraction process was better than 
prolonging ET for intervals >200min, moreover, no combined influence was showed. 
 
Optimal processing conditions: 
 The following optimal conditions of ethanol process extraction to obtain the highest TPC (825.85±0.89 mg 
GAE/100g dw) from Apium graveolens seeds were determined: Concentration of alcohol of 31.71% and ET of 
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204.85 min. Concerning optimal extraction condition, it revealed that for obtaining highest TFC (177.57±0.49 
mg GAE/100g dw)in interval of 35.14min with 74,14%, and highest TTC (243.36±0.94 mg GAE/100g dw) 
conditions it was recommended 60% of ethanol concentration and ET of 204.85 min. 
 
The contributions of this subject to knowledge: 
 According to this study, you will beable to define the optimum extraction conditions, for obtaining higher 
values of some phenolic compounds from Apium graveolens, our results provide some confirmations on the 
effect of the variability of extraction procedures, assay on the amount of phenolic compounds recorded, and 
reinforce previous works in this context. 
 
Conclusion: 
 The results obtained in our study indicate that the experimental conditions tested (solvent type, solvent 
Concentration and extraction time) influence notably the values of TPC, TFC and TTC extracted from Apium 
graveolens seeds with extremely significant differences (***P < 0.001). 
 By observing linear and quadratic coefficients, using methanol solvent, we concluded that the order of 
factors influencing the response value: neither factors, had not influence on TPC; TFC was ethanol 
concentration dependent; TTC is time dependent. The response surface indicated that extraction yield showed 
noticeable increases depending upon the ethanol concentration for TPC, ET for TFC and temperature 
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