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Caffeic acid (CA) was widely applied in food and pharmaceutical industries as an important natural 
antioxidant. In the present study, the main caffeoylquinic acids (CQAs) in tobacco waste were analyzed 
by HPLC-PAD-ESI-MS/MS, and used as raw material for producing CA which preparation process was 
optimized by response surface methodology (RSM). The research results indicated the main ingredients 
of CQAs in tobacco waste were identified as three isomers containing chlorogenic acid (5-caffecylquinic 
acid, 5-CQA), cryptochlorogenic acid (4-caffecylquinic acid, 4-CQA) and neochlorogenic acid 
(3-caffecylquinic acid, 3-CQA), respectively. The production of CA produced by alkaline hydrolysis of the 
CQAs extract from tobacco waste was effectively enhanced by RSM. NaOH was selected as catalyst 
through screening of four different alkalis. Three hydrolysis reaction parameters for production of CA 
were optimized as follows by using central composite rotatable design (CCRD) of RSM: pH value 13.5, 
reaction temperature 85oC and reaction time 10 min. The adequately high R2 value 0.9275 and F score 
7.105 indicated the statistical significance of the model. The conversion rate of CA after optimization was 
43.46% while the predicted value was 44.92%. In conclusion, hydrolysis conditions optimization to 
enhance CA production from tobacco waste can be easily and effectively done by RSM; the developed 
production process of CA indicated CQAs in tobacco waste are potential raw material for producing CA. 
 
Key words: Caffeic acid, caffeoylquinic acids (CQAs), hydrolysis reaction parameter optimization, response 
surface methodology, tobacco waste, HPLC-PAD-ESI-MS/MS. 

 
 
INTRODUCTION 
 
Tobacco (Nicotiana tobaccum L.) is one of the major 
non-food cash crops grown in China, whose production 
and cultivated area has increased constantly since 1979. 
As new relevant information show, China produced about 
1840.5 million kg tobacco leaves in 2005, which amounts 
to 36.5% of the total output, and China has become the 
largest producing country in the world (Zhu et al., 2006).  
Tobacco is mainly used for making cigarettes, cigars and 
for chewing. Large quantities of tobacoo wastes are 
generated during processing and cigarette making, and 
has become the largest tobacco wastes producing coun- 
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try they amount to 25% of total tobacco material. China 
has become the largest producing tobacoo waste country 
in the world. Liquid and solid wastes are a huge and 
always increasing problem for the industries and the 
environment (Michailof et al., 2008). One of the most 
popular ways of dealing with solid waste is its use as a 
raw material for the production of high additional value 
products.  

Nowadays, the food and agricultural products 
processing industries generate substantial quantities of 
phenolic rich by-products, which could be valuable natural 
sources of antioxidants to be employed as ingredients. 
Some of these by-products have been the subject of 
investigation and have proven to be effective sources of 
phenolic antioxidants (Roldan et al., 2008). It is note- 
worthy that there are several biologically important  com-  
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Figure 1. Structures of the chlorogenic acids and their hydrolysis products. 

 
 
 
pounds in tobacoo waste, such as phenolic compounds 
(Johnson et al., 2001),  solanesol (Zhao et al., 2007),  
proteins (Howles et al., 1996) and so on. In view of the 
potential pharmaceutical application, the phenolic 
compounds from tobacoo waste is thus of essential 
importance.  

Chlorogonic acid (5-caffeoylquinic acid, 5-CQA) is the 
only one compound in the big family. The best known 
conjugates are those with quinic acid, collectively known 
as chlorogenic acids (CGAs) (Clifford et al., 2003) or 
caffeoylquinic acids (CQAs). Chlorogenic acids family is 
mainly composed of four monomers: chlorogenic acid 
(5-CQA), cryptochlorogenic acid (4-CQA), neochlorogenic 
acid (3-caffeoylquinic acid, 3-CQA) and 1-CQA 
(1-caffeoylquinic acid). However, they have the same 
hydrolysis products containing caffeic acid (CA) and 
D-(-)-quinic acid (QA) (Figure 1). Although the analysis 
method and technology of CQAs in some plant materials 
based on LC-MS have evolved very rapidly (Carini et al., 
2001; Curadi et al., 2005; Clifford et al., 2006; Clifford et 
al., 2006; Bravo et al., 2007; Wang et al., 2009), few 
relevant report is available in hydrolysis reaction system 
of tobacco waste. Therefore, identification of CQAs in 
hydrolysis reaction system of tobacco waste is a basic 
research due to its high additional value application in 
food and pharmaceutical industry. 

CA is one of the natural phenolic compounds widely 
distributed in plant materials such as vegetables, fruits, 
coffee and tea. Recently, pharmacological studies have 
shown that CA have antihyperglycemic (Hsu et al., 2000) , 
�-tocopherol protectant (Gülçin et al., 2006), antioxidative 
(Jiang et al., 1997; Gülçin, 2006) , anti-apoptotic (Jiang, 
1997; Nardini et al., 2001; Xu et al., 2005; Khanduja et al., 
2006; Pari et al., 2008), antidepressive-like (Takeda et al., 
2002; Takeda et al., 2006), anti-cancer (Gao et al., 2000), 
and inhibits protein tyrosine kinase activity (Nardini and 

Leonardi et al., 2001). On the other hand, CA interferes 
with the rooting potential of mung bean hypocotyl cuttings 
by altering the activities of peroxidases (PODs) and 
polyphenol oxidases (PPOs) and the endogenous total 
endogenous phenolics (TP) content that play a key role in 
rhizogenesis (Batish et al., 2008). CA electrochemical 
behavior on the electrode is helpful to interpret the 
oxidation mechanisms in the body (Hotta et al., 2002; 
Trabelsi et al., 2004; Moghaddam et al., 2007). Therefore, 
CA is an organic acid with prominent bioactivity and is 
used widely in the medicine, food, and cosmetic 
industries.  

CA, produced by alkaline hydrolysis of the chlorogenic 
acid methanol extract, has shown the same antioxidant 
effectiveness as the original extract at low temperature, 
but it was significantly more effective at 110˚C (118% 
compared to the control) (De Leonardis et al., 2005). So, 
production of CA by alkaline hydrolysis of the chlorogenic 
acids from tobacco waste is a good way to provide natural 
antioxidants. At the same time, processing and stabilizing 
tobacco wastes could represent both advantages: a 
solution of the environmental problem derived from a 
great tobacco wastes disposal and production of 
stabilized tobacco by-products as natural antioxidant food 
ingredients. 

The limitations of classical method of reaction para- 
meters optimization can be overcome by the application 
of statistical based approach. RSM, an extensively used 
statistical technique for media optimization, is a collection 
of statistical techniques which uses design of experiments 
(DoE) for building models, evaluating the effects of factors 
and searching for the optimum conditions (Liyana- 
Pathirana et al., 2005; Rodr et al., 2007; Rold et al., 
2008) . To the best of our knowledge, up to now, there is 
no information in the literature on preparation processing 
study of CA by alkaline hydrolysis of the chlorogenic acids  
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from tobacco waste. Therefore, in the present work, we 
have used a central composite rotatable design (CCRD) 
of response surface methodology for reaction conditions 
optimization to enhance CA production from tobacco 
waste.  
 
 
MATERIALS AND METHODS 
 
Plant materials 
 
Tobacoo wastes were collected in September 2007, at Jiangsu 
Tobacco Company Nanjing Branch in China, and authenticated as 
the wastes of N. tobaccum L. by Prof. Dingqiang Lu (College of Life 
Science and Pharmaceutical Engineering, Nanjing University of 
Technology). The sample was dried at 60°C, powered by a herb 
disintegrator (Qinzhou Sanyang Package Equipment Co., Ltd) and 
then sieved (60 mesh). 
 
 
Chemicals and reagents 
 
HPLC-grade acetonitrile and acetic acid were purchased from 
TEDIA Co. (Fairfield ,OH, USA); Chlorogenic acid (5-caffecylquinic 
acid, 5-CQA) and caffeic acid (CA) were purchased from National 
Institute for the Control of Pharmaceutical and Biological Products 
(NICPBP), Beijing, China. Cryptochlorogenic acid (4-CQA) and 
neochlorogenic acid (3-CQA) were purchased from Chendu 
Biopurify Phytochemicals Ltd. (Chendu, China). 

The reference standards of the target compounds, i. e., 
neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid and 
caffeic acid were accurately weighted and dissolved in methanol, 
then diluted to appropriate concentration ranges for the 
establishment of calibration curves. All solutions were stored at 4oC. 
 
 
Analytical methods 
 
HPLC-PAD-MS/MS was carried out on a Waters system (Millipore 
Corp., Milford, MA, USA ). The LC equipment comprised a Waters 
2695 Separations Module, autosampler with 50 �L loop, and a 
Waters 2996 Photodiode Array Detector with a light-pipe flow cell 
(recording at 328, 320, 280, and 254 nm, and scanning from 200 to 
400 nm). This was interfaced with a mass spectrometer fitted with 
MICROMASS® Quattro micro TM API source and ESCi TM 
MULTI-MODE IONIZATION Plus ESI source. 

HPLC-PAD-ESI-MS/MS experiment was performed according to 
reference literature (Wang et al., 2008 and 2009). HPLC separation 
was performed on an Alltima C18 (250×4.6 mm, 5 �m) column 
(Alltech, Deerfield, IL, USA). The mobile phase contained solvents A 
and B, where A was water : acetonitrile : acetic acid (97.5:2:0.5, 
v/v/v) and B was acetonitrile : acetic acid (99.5:0.5, v/v). The linear 
gradient profile was maintained at 2% B in 5 min, from 2 to 5% in 5 
min, from 5 to 10% in 20 min, from 10 to 35% in 35 min, from 35 to 
100% in 15 min, from 100 to 2% in 5 min, and maintained at 2% B in 
5 min. The wavelength range of PAD detection was from 200 to 400 
nm. The flow-rate was 1 mL/min for HPLC and PAD detection with 
the column kept at 30oC. A splitter was connected between the PAD 
and MS detectors, which reduced the flow rate to 0.2 mL/min for MS 
detection. The electrospray ESI-MS was operated in the negative 
ion mode with fragmentation amplitude 1.5, scanning range of m/z 
100-800 and capillary voltage of 3.0 kV. High purity nitrogen (99.9%) 
was used as dry gas to evaporate the solvent at a flow rate of 500 
mL/min, temperature of 350oC. Nitrogen was used as nebuliser gas 
at 50 psi.  

HPLC-UV separation was performed on an Alltima C18 (250 × 4.6 
mm, 5 �m) column (Alltech, Deerfield, IL, USA). The mobile  phase  

 
 
 
 
contained acetonitrile: ammonium acetate buffer (pH 4.5) (5:95, v/v). 
The flow-rate was 1 mL min-1 and UV detection with the column kept 
at 30oC, detected at 327nm. All solutions were filtered through a 
0.45 �m filter before injection. All samples were determined in 
triplicate (Wang et al., 2009). 
 
 
Hydrolysis experiments 
 
The hydrolysis experiments were carried out in a three nick round 
flask and heated in a temperature controlled heating water bath 
(Jiangsu Taicang Experimental Instrumental Factory, China). 
Various alkalis (KOH, NaOH, Na2CO3 and NaHCO3) were performed 
to catalyze hydrolysis reaction for 30 min at 75oC, and then the 
optimal alkali was selected by determining the conversion rate of CA 
in different catalysis reaction system. Following that, appropriate 
range of hydrolysis reaction temperature and time were performed 
by Allen' s method. 
 
 
Experimental design and optimization by response surface 
methodology (RSM) 
 
The initial assays were based in a 33 factorial design with three 
different pH values, as well as three different hydrolysis reaction 
temperatures and times. The composition of the model was 
established from these preliminary assays. The model composition 
corresponded to an orthogonal 33 design, following the methodology 
of Box-Behnken response surface design (Anunziata et al., 2008; 
Balderas Hernandez et al., 2008).  For statistical calculation, the 
variables were coded according to (Canettieri et al., 2007). The 
statistical model was based on the RSM which equation was 
determined by analysis of linear multiple regression using the 
software STATISITICA 6.0 (Statsoft, USA). The conversion of CA 
produced by alkaline hydrolysis of the CQAs from tobacco wastes 
was taken as the dependent variable or response of the design 
experiments. The statistical significance of the regression 
coefficients was determined by T test. The variables were correlated 
by empirical models.  
 
 
Conversion rate of CA (%) 
 
The conversion rate of CA was calculated as expressed in Eq. (1). 
 

molar concentration of CA (mol/L)
Conversion rate of CA (%)= 100%

molar concentration of CQAs (mol/L)
×    (1) 

 
where molar concentration of CQAs is the sum of the molar 
concentration of 3-CQA, 4-CQA and 5-CQA in material sample of 
tobacco wastes. 
 
 

RESULTS AND DISCUSSION  
 
Composition of CQAs in tobacco wastes 
 
Figure 2 shows the HPLC Chromatographic profiles of the 
70% ethanol extract of tobacco waste detected with 
negative ion mode ESI-MS/MS and UV at 320 nm.  

In the methanolic extract of dried tobacoo waste, 3-CQA, 
4-CQA and 5-CQA were identified by comparing their 
retention times, UV and MS spectra with those of 
standard compounds. 
The structure of 3-CQA, 4-CQA and 5-CQA were 
determined by MS SCAN model, and by comparing the 
UV and MS spectra data with those reported in  literature  
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Figure 2. Chromatographic profiles of a methanolic extract of tobacoo wastes.  

 
 
 
(Wang et al., 2009; Clifford et al., 2003 and 2006). These 
results show that CQAs in tobacco waste is mainly 
composed of three monomers: 3-CQA, 4-CQA and 
5-CQA. 
 
 

Calibration data for 3-CQA, 5-CQA, 4-CQA and CA 
 

Peaks of CQAs and CA can be well separated from all the 
other components in tobacco waste. Each component in 
the samples analyzed was identified by comparing its 
retention time with that of respective standard. Retention 
time for 3-CQA, 5-CQA, 4-CQA and CA were 4.9, 6.2, 7.4  
and 11.3 min, respectively. Quantification was carried out 
by integration of the peaks using external standards. The 
results of Calibration data for 3-CQA, 5-CQA, 4-CQA and 
CA are shown in Figure 3, which indicated that the 
developed analytical method is precise and sensitive for 
determining four components in test samples (Wang et al., 

2009). 
 
 
Selection of optimum catalyst, pH value, reaction 
temperature and time for producing CA from tobacco 
waste 
 
The degradation of CQAs was mainly a chemical process 
achieved by hydrolysis of ester bond. The results 
indicated that four alkalis (KOH, NaOH, Na2CO3 and 
NaHCO3) showed certain catalytic activities for producing 
CA from tobacco waste (Figure 4). Compared with the 
others, NaOH exhibits higher catalytic activity for 
hydrolysis of the CQAs extract from tobacco waste. This 
indicates that NaOH is a suitable alkaline that can be used 
for catalytic hydrolysis of the CQAs extract from tobacco 
waste. 

The conversion rate of CA increased with pH from 9  to  
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Figure 3. Calibration data for 3-CQA, 5-CQA, 4-CQA and CA (n=6). 
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Figure 4. The influence of different catalyst during CA 
conversion from tobacco waste. 

 
 
 
13, and thereafter decreases between pH 13 to 14 (Figure 
5). Therefore, 12~13 was selected the most suitable pH 
value for the production of CA from tobacco waste. 

The concentration of hydrolysis reaction temperature 
and time influence the conversion rate of CA produced by 
NaOH hydrolysis of CQAs extract from tobacco waste 
(Figure 6). The highest conversion rate of CA is at the 
hydrolysis reaction temperature of 85oC and time of 20 
min. The curves of CA conversion rate between times at 
various temperatures indicated that hydrolysis tempera- 
ture and time are two important parameters in process of 
production of CA. For the different reaction temperatures 
(35, 45, 55, 65, 75, 85 and 90oC), the conversion rate of 
CA increased with reaction time, and reached the 
maximal value when the hydrolysis time were 40, 40, 40,  
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Figure 5. The influence of different pH during CA conversion 
from tobacco waste. 

 
 
 
40, 20, 20 and 20 min, respectively. And then, the 
conversion rate of CA decreased with the increase in the 
hydrolysis time. It can also be seen from Figure 6, within 
the temperatures investigated, at the same hydrolysis 
time such as 20 min, the conversion rate of CA increased 
with the increasing temperature; the  conversion  speed 
increased with the increasing temperature, too. However, 
with the increase of reaction time, the degradation speed 
of CA is increases, so selecting optimum hydrolysis 
temperature and time is essential to obtain maximum 
conversion rate of CA. In the comprehensive consi- 
deration of the hydrolysis temperature and time, 65~85oC 
and 10~40 min were selected the most suitable hydrolysis 
temperature and time, respectively, for the production of 
CA from tobacco waste and were used in the subsequent 
assays. 
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Figure 6. The influence of different temperature during CA 
conversion from tobacco waste. 
 
 
 
Optimization of alkaline hydrolysis and validation of 
statistical model 
 
The coded values of independent variables are given in 
Table 1. The design of experiments through alkaline 
hydrolysis and the respective experimental and predicted 
conversion rate of CA from CQAs in tobacco waste are 
given in Table 2. The results on estimated effects, 
standard errors (SE), t test and significance level for the 
model representing CA conversion rate from the CQAs in 
tobacco waste are presented in Table 2. 

Data were analyzed by non-linear multiple regression 
using STATISTICA software (Statsoft, v. 6.0).  After 
regression analysis, the second-order response model 
was obtained which is given in Eq. (2). 

  
2 2

1 1 2 2

2
3 3 1 2 1 3

Conversion rate of CA (%) = 12.965X  - 9.109X  + 6.672X  - 4.406X  

                                              - 0.021X  -0.626X  + 1.472X X  - 3.789X X

                                          2 3    - 2.233X X  + 31.931

 (2) 

 
The simple model expressed by Eq. (3) was generated 
as: 
 
Conversion of  CA 2

1 1 2Conversion rate of CA (%)=12.965X  - 9.109X  + 6.672X  + 31.931
 

          (3) 
 

A low value of the coefficient of variation indicates the 
very high degree of precision and a good reliability of the 
experimental values. The fit of the model was also 
expressed by the coefficient of determination R2 (F score 
7.105), which was found to be 0.9275, indicating that 
92.75% of the variability in the response could be 
explained by the model. The solution was obtained by 
submitting the levels of the factors into the regression 
equation. 
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Table 1. Coded values of independent variables. 
 

Coded values 
No. Variables 

-1 0 1 

1 pH 11.5 12.5 13.5 

2 Temperature (°C) 55 70 85 

3 Time (min) 10 25 40 
 
 
 

To determine the most adequate operating conditions 
and to analyze the process of hydrolysis reaction, the 
response surfaces were plotted using Eq. (2) for three 
possible combinations. The response surface and contour 
diagrams of conversion rate of CA as a function of: (a) X1 
and X2, (b) X1 and X3, (c) X2 and X3 are presented in 
Figure 6. The simultaneous analysis of so many plots is a 
complex task if practical short cuts taking advantage of 
prior knowledge of the process are not adopted. In Figure 
7, the main factors effects conversion rate of CA produced 
by alkaline hydrolysis of CQAs from tobacco waste were 
pH value and hydrolysis reaction temperature. For 
example, from Figure 7 it can be seen that low 
temperature and pH value in the process of hydrolysis 
reaction lead to a low conversion rate of CA, so the pH 
value and hydrolysis reaction temperature can be 
selected at an appropriate value range. 

The optimum values were found by solving the 
regression equation analytically (Agarry et al., 2008). The 
solution was obtained by submitting the levels of the 
factors into the regression equation (Eq. 2). The optimal 
hydrolysis reaction conditions for the production of CA 
from tobacco wastes were calculated as followed: pH 13.5, 
temperature, 85oC and time 10 min. The predicted res- 
ponse (44.92%) was experimentally verified (43.46%, 
n=3). The agreement between predicted value and 
experimental value of conversion rate of CA confirms the 
significance of the model. This indicated that, in addition 
to establishing optimal conditions for operation, the 
present methodology also makes it possible to predict 
conversion rate when the system is disturbed in some way. 
This is useful not only for the additional knowledge 
supplied about the process, but also for the potentials for 
process control (Kalil et al., 2000). Therefore, under 
optimal conditions of hydrolysis reaction, it is inevitable to 
have a large increase in conversion rate of CA.  
 
 
Conclusions 
 
Three CQAs (3-CQA, 4-CQA and 5-CQA) in tobacco 
wastes were identified by HPLC-PAD-ESI-MS/MS, and 
the optimal production process of CA by alkaline 
hydrolysis of CQAs in methanol extract from tobacco 
wastes was successfully achieved by RSM in this study. 
Three hydrolysis reaction parameters for production of CA 
were optimized as follow by using CCRD  of  RSM:  pH  
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Table 2. Response surface methodology (RSM) design of independent variables and their corresponding experimental and predicted 
conversion rate of CA from tobacco wastes after alkaline hydrolysis. 
 

No. X1 (pH) X2 (Temperature) X3 (Time) Conversion rate (%) Conversion rate (%) Predicted 
1 -1 -1 0 5.078 0.252 
2 1 -1 0 25.841 23.237 

3 -1 1 0 8.048 10.652 

4 1 1 0 34.699 39.525 

5 -1 0 -1 6.695 5.463 

6 1 0 -1 42.424 38.970 

7 -1 0 1 9.546 13.000 

8 1 0 1 30.119 31.351 

9 0 -1 -1 11.958 18.015 

10 0 1 -1 37.197 35.825 

11 0 -1 1 21.068 22.440 

12 0 1 1 37.275 31.317 

13 0 0 0 31.455 31.931 

14 0 0 0 30.915 31.931 

15 0 0 0 33.424 31.931 
 

*Values indicate mean of dupilicate observations. 
 
 
 

   
(a) 

    
(b) 
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(c) 

 
Figure 7. Response surface and contour diagrams of conversion rates of CA as a function of (a) X1 and X2, (b)X1 
and X3, (c) X2 and X3. 

 
 
 
value 13.5, reaction temperature 85oC and reaction time 
10 min. The conversion rate of caffeic acid after 
optimization was 43.46% while predicted value, 44.92%. 
RSM as an effective method proved to be a quite 
adequate for the design and optimization of the process of 
hydrolysis reaction of CQAs from tobacco waste, and the 
developed production process of CA indicated CQAs in 
tobacco waste are potential raw material for producing 
CA. 
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