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Abstract 

In order to intensify the extraction of crude constituents of  Curcuma longa, three independent variables 

namely lactic acid (0.01-1)%, time (10-60) min and solid/solvent ratio (0.01-0.1) were concurrently 

studied using the central composite rotatable design on some crude extract characteristics namely; crude 

extract soluate, total phenolic content, pH and colour density as responses. Statistical modelling of the 

independent variables on the responses was attempted. The intensification process   was characterised by 

high enhanced extraction of crude constituents (µg/mL) 67.00-440.00 and 28.85-133.17 in comparison to 

the low amount8.65-62.50 and 1.70-23.48 of crude constituent extract of the control sample measured at 

λ420 and λ520   respectively. Statistical modelling of the process was accomplished and equations for 

predicting the responses were developed and adequacy confirmed using analysis of variance and residual 

assessment. The intensified process could serve as economic driven route for the extraction of crude 

constituents of C. longa which could serve as a feed stock for preparation of value added curcuminoid 

based products with special dietary colourant and bioactive characteristics. 
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1. Introduction 

Turmeric (Curcuma longa) L Zingiberaceae) is a 
good source of dietary colourants. The inherent 

colourant of turmeric is characterized with superior 

tinctorial strength in comparison to synthetic dye 
of similar shade for instance tartrazine yellow [1]. 

Besides, it has been used in treatment of spectrum 

of diseases such as heart disorder, liver problem, 

asthma arthritic, gall bladder infections, digestive 

disorders and dysmenorrhea [2]. Like any other 

natural product, preference for C.longa is based on 

natural originality, eco-friendly and renewability; 
hence there will be increase in utilization both in 

food and pharmaceutical industries. Beyond this, 

the active components of turmeric have been 
modified to enhance its antifungal and antibacterial 

[3]  and anticancerous properties [4].  

Similarly, the properties of C longa could be 

improved by the use of mordant and cationic 
complexation and other means such as application of 

cyclodextrin [5,6]. From the above stated, it suffice 

that crude constituents of C.longa, a precursor to all 
these is sparingly soluble in water at room 

temperature. Prior to this, study a facile process for 

the extraction of crude constituents of C longa had 

been modeled by Daramola [7].  Therefore, there is a 

need for a conceptual development of a process for 

intensification of extraction of the crude constituents 

of C. longa at room temperature, thus the subject of 
this study. Solubility of organic constituent can be 

enhanced by a number of methods notably, 

application of appropriate solvent in combination 
with size reduction, elevated temperature, and 

application of surface active agents.  
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One or a combination of these could be used to 

intensify the extraction of crude constituents of 

natural products.  

The objective of this study was to statistically 

model an intensification process for the extraction 

of crude constituents of Curcuma longa which 

could serve as feed stock for preparation of high 

value added products in nature of dietary colourant 

and bioactive products. The process should offer 
route for obtaining high yield crude extract of C. 

longa and associated economic implications.   

2. Materials and Methods 

2.1.Materials 

Whole some Curcuma longa rhizome (red ginger) 

fingers were obtained from central commercial 
market in Ado-Ekiti, Nigeria. All chemicals used 

were of analytical grade: lactic acid, distilled 

water. 

Curcuma longa crude constituents’ extraction 

protocol. Curcuma longa rhizome without blemish 

was washed, peeled and dried. The dried product 

was milled and used in subsequent active-

constituents dissolution process. Selected bioactive 

constituent recovery process was accomplished 
using two solvents mixture system, contact time, 

medium temperature as the dissolution 

independent variables. Details of extraction 
variables in the experimental design are presented 

in Table 1. The lowest and highest levels of 

independent variables were chosen from the results 

of preliminary investigations.  

Experimental Design. A central composite 

rotatable design for k=3 was used [8]. The 3-

factor, 5-level design generated 20 sample 

combinations comprising eight points peculiar to 

2
3
 factorial, six star points and six central points 

for replication. The effects of independent 

variables namely: Solvent-mixture ratio, 

temperature and time on dissolution of the selected 

crude active constituents. The crude active 

constituents markers namely total phenolic 

content, tinctorial (colour intensity) index and total 

soluble solids of solution were evaluated. Step-

wise regression analyses were performed on the 

data to yield equations for predicting dissolution of 

active constituents of Curcuma longa with 
reference to designated functionality.  

2.2.Analytical Methods  

Total soluble solids determination.Refractive index 

of sample was measured using Abbey Refractometer 

(ABBE 325, ZUZI) and corresponding soluble solid 

was determined using appropriate procedure and 

reference to appropriate designated table.  

Determination of colour density/polymeric colour. 

Colour density was determined according to the 

method described by Wrolstad et al [9]. Colour 
density was calculated as the sum of the absorbances 

at 420nm and 510nm. 

Evaluation of Total phenolic content.Total phenolic 
content was evaluated according to the method 

described by Taga et al [10]. Briefly, A 100µL of 

Folin – Ciocalteau reagent (2N wrt acid Fluka 
Chemic AG – Ch -9470 BUCHS) was added to each 

sample (20µL) and well mixed after addition of 

1.58ml of water. After 30s, 300µL of  2 % sodium 

carbonate solution was added and the sample tubes 

were left at room temperature for 2h.The absorbance 

(A) of the developed blue colour was measured at 

750 nm using Unicam Helios & uv / vis / 

spectrophotometer. A plot of A750nm against 

corresponding concentration was used to calculate 
phenolic content (mg/g ascorbic acid equivalent).  

2.3.Statistical analysis.  

The central composite orthogonal designed was 
analysed as repleted by Cochran and Cox [8] (1957). 

Each of the X-matrix was multiplied by the Y-

column (response) to obtain corresponding sums of 

products that is 0y to 13y for Xo toX1 Xз. 

Consequently, the coefficients b0 to bi3 were 

calculate as:  

                                                                                                                           

b0 = 0.166338(0y) – 0.056791 Σ(iiy)    (1) 

bi = 0.073224(iy)      (2) 

bii = 0.062500(iiy) + 0.006889Σ (iiy) – 0.056791(0y) (3) 

bij = 0.125000(ijy)      (4) 

 

The quadratic model was fitted using the regression 

coefficients and the predicted response calculated for 

each of the observed values. The model was observed 

for adequacy by subjection to analysis of variance 

and residual analysis. 
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3. Results and Discussion 

Of all the acids screened, lactic acid showed the 

best result for intensification of extraction of crude 

constituents of C. longa at room temperature. 

Therefore the acid was employed for extraction of 

crude constituents of C. longa in this study. 

Influence of process variables namely, solid-

solvent ratio, lactic acid concentration and contact 

time have been observed to exert profound 
influence on the extraction of crude constituents of 

C. longa.  

The result of this investigation measured at λ420 

and λ520 is shown in Table 2. Lactic acid, a food 

grade reagent was efficient in enhancing extraction 

of crude constituents of C. longa at different 
process conditions (concentration of acid, solid to 

solvent ration, time) as shown in Table 2. 

The soluate and other crude extract constituent 

characteristics were subsequently statistically 

modelled.  

Four technological parameters namely, extracted 

soluate, total phenolics content, colour density and 

pH were assessed the lactic acid treated samples 

and the sample with no lactic acid treatment served 

as the control (reference) for analytical discussion. 
The central composite orthogonal design to fit the 

polynomial model for the lactic acid in C.longa 

soluate dissolution intensification process was 
accomplished as elicited by Cochran and Cox [8]. 

The computed sums of products and regression 

coefficients to fit the model are shown in Table 3. 

Dissolve soluate. The dissolve soluate quadratic 

model (DS) for the lactic acid enhanced C.longa 

crude component dissoluate takes the form: 

DS = 276.45 + 3.075X1 + 88.528X2 + 20.06X3 – 

52.70X1
2
 – 3.39X2

2
 – 35.08X3

2
 – 7.625X1X2 + 

16.375X1X3  + 25.125X2X3 

The predicted dissolved soluates (DS) for each of 

the experimental runs and their respective residual 
are shown in Table 4. Examination of the residuals 

suggests that the fitted model was reasonably 

adequate. The claim was confirmed by model 
testing. In addition, the analysis of variance to test 

the fitness of the model is shown in Table 5.  

The first and second order terms were significant as 

shown by the higher calculated F-ratio compared 

with the tabulated values. However, since the 

calculated F-ratio for the lack of fit was lower than 

the tabulated value therefore adequacy of the fitted 

model is affirmed.  

Total phenolic content. The antibiotic activities of 

active constituent of C. longa are largely due to the 

phenolic content [1]. Therefore its extraction could 
also be influenced by the surfactant (lactic acid).  

The total phenolic acid content quadratic model takes 

the form:  

TPC = 6.256184 + 0.40295167X1 + 0.387633X2 + 

1.510245X3 – 0.930906X1
2
 – 0.3295936X2

2
 – 

0.6284686X3
2 + 0.0275X1X2 – 0.0725X1X3 – 0.0225X2X3 

The predicted total phenolic content (TPC) for all the 

experimental runs and corresponding residual are 
presented in Table 4. Examination of the residuals 

infers that the fitted model was adequate: The 

conjecture was attested by model testing. Added to 

this, the analysis of variance to test the fitness of the 

model is shown in Table 5.  

The first and second order terms were significant as 
shown by the higher calculated F-ratio compared 

with the tabulated values. However, since the 

calculated F-ratio for the lack of fit was lower than 
the tabulated value consequently, adequacy of the 

fitted model is affirmed C. longa dietary colourant 

has been pigment of choices because of its high 
colour density [1].  

 

Colour Density. Colour density reflects the 

chromatically of the lactic acid enhanced dissolved 

bioactive components. The colour density (CD) 

quadratic model takes the form. 

CD = 1.504126344 + 0.013085129X1 + 0.22183943X2 + 

0.33945182X2 – 0.29662662X1
2 – 0.27188287X2

2 – 

0.0438766165X3
2
 + 0.02X1X2 + 0.0775X1X3 + 0.08X2X3 

 

Both the residual analysis (Table 4) and analysis of 

variance (Table 5) showed the adequacy of the 

model. The model was also confirmed by model 

testing.  
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Table 1. Process variables used in the central composite rotatable design (K = 3) 

 
* = 100mL of (water) was used for each treatment 

Table 2. Influence of process variables on extraction of crude constituents of Curcuma longa at λ420 and  λ520 

 
  *µg solute/ml of solution, X1 = time, X2 = lactic acid, X3 = solid-solvent ratio 

Table 3. Regression Coefficient for the quadratic model equation for lactic acid intensity Curcuma longa solution 
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Table 4. Residual analysis of assessed parameters 

 
Residual = Observed – Predicted 

Table 5. Analysis of Variance (ANOVA) for the Predictive Model Equations 

 
DF = Degree of freedom,  SS = Sum of square,  MS = Mean square 
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pH. pH is a rapid objective physiochemical 

property. It could be an important quality control 

tool in place of elaborate analysis like total 

phenolic content and dissolved soluate in an 

established C.longa crude constituent extraction 

process.  

The pH quadratic model takes the form:  

pH: 2.4981 – 0.0087688X1 – 0.05784696X2 – 

0.4876718X3 + 0.0968X1
2
 + 0.203053X2

2
 + 

0.01875X1X3 + 0.04375X2X3 

The pH of the control C. longa extract was 6.58. 
This is similar to an earlier report elicited by 

Henry [1]. The predicted pH of the dissolved runs 

and their respective residual are shown in Table 4. 

Examination of the residuals suggests that that 

fitted model was reasonably adequate. The claim 

was confirmed by model testing. Added to this the 

analysis of variance to test the fitness of the model 

is shown in Table 5. The first and second order 

terms were significant as revealed by the higher 

calculated F-ratio compared with the tabulated 
values.  However, since the calculated F-ratio for 

lack of fit was lower than the tabulated value 

therefore adequacy of the fitted model is affirmed.  

4.Conclusion  

Application of miniscule amount of lactic acid and 

other two physical variables namely particle size 
and contact time to intensify the extraction of 

crude constituents of C. longa was accomplished 

in this study. The model developed was found 
adequate for provide a process for enhancing 

extraction of crude consistent of C. longa, a feed 

stock for preparation of specialized curcuminoids 
bioactive components. 
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