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ABSTRACT 
 

The aim of this study was to optimize the encapsulation of lycopene using response surface methodology and to 

determine its stability. The lycopene was extracted from tomato processing industry waste. The extracted pigment 

was purified by crystallization method. The effect of different process parameters, viz, core to wall ratio, sucrose to 

gelatin and inlet temperature on encapsulation efficiency (EE) and encapsulation yield (EY) were studied. 

Structural study of encapsulated material was carried by using scanning electron microscope (SEM). The samples 

with and without encapsulation were stored under different conditions such as the presence and absence of air, 

sunlight, at room temperature and under refrigeration. Highest EE (92.6 ± 0.86) and EY (82.2 ± 0.95) were 

observed when the core to wall ratio was 1:4, sucrose to gelatin ratio was 7:3 and inlet temperature was 180
0
C. The 

SEM analysis showed the encapsulated lycopene was of “bee-net” shaped, whereas lycopene without encapsulation 

was like “saw dust”. More than 90% retention was recorded in microencapsulated sample stored in all storage 

conditions, whereas sample without encapsulation showed less than 5% retention with sample storage conditions 

after 42 days of storage. The optimization and storage study would be helpful to the lycopene producer to improve 

storage stability.    
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INTRODUCTION 
 

Lycopene is a red colored natural pigment 

occurring in tomato, guava, rosehip, watermelon 

and pink grapefruit, and is one of the major 

carotenoids in the human diet (Silva et al. 2012; 

Srivastva and Srivastva 2015). Regular 

consumption of food rich in lycopene helps to 

reduce the risk of developing several types of 

cancers, including prostate, cervical and breast 

cancers in humans (Rao and Agarwal 1999; 

Downham and Collins 2000; Shuet al. 2006). It 

reduces low-density lipoprotein oxidation and 

helps lower cholesterol levels in the blood. In 

addition, lycopene can reduce the risk of 

developing macular degeneration, serum lipid 

oxidation and cancers of the lung, bladder, cervix 

and skin (Rao and Agarwal 1999; Silva et al. 

2012). 

The properties, actions and functions of 

carotenoids, including lycopene, are closely 

related to their geometric isomers. The polymeric 

chain is responsible both for visible light 

absorption and for high molecule reactivity. Most 

carotenoids in the nature are found in the trans 

configuration (Mercadante and Egeland 2004) due 

to its higher stability compared to the cis isomer. 

However, during the processing and storage, 
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carotenoids can easily rearrange in different 

geometric isomers and also be oxidized, with the 

consequent decrease or loss of the colorant and 

biological properties (Nunes and Mercadante 

2007). 

Microencapsulation technique has been widely 

used to protect food ingredients against 

deterioration, volatile losses, or premature 

interaction with other ingredients. The protective 

mechanism therein is to form a membrane (wall 

system) to enclose the droplets or particles of the 

encapsulated material (core). Various kinds of 

microencapsulation techniques such as solvent 

dispersion/evaporation, phase separation (co-

acervation), co-crystallization, interfacial 

polymerization etc., have been developed, among 

which, spray-drying is the most commonly used in 

food industry due to its continuous production and 

easiness of industrialization (Jimenez et al. 2004; 

Rodriguez-Huezoet al. 2004; Hui et al. 2014). 

In present study, attempts have been made to 

optimize the encapsulation process by using 

response surface methodology (RSM) and study 

storage stability of encapsulated lycopene under 

different conditions.   
 

 

MATERIAL AND METHODS 
 

Raw Materials and Chemicals  

Fresh tomato processing industry waste was 

collected from ANS Foods, Sangli, Maharashtra, 

India.  
 

Extraction and purification of lycopene  

The lycopene was extracted as per procedure 

suggested by the Ranveer et al. (2013) with slight 

modifications. The dried waste samples were 

treated with ethanol for 30 min to remove the 

moisture. Then lycopene extraction was carried 

out with a mixture of acetone, ethanol and hexane 

solvents in the ratio of 1:1:2 (Mass: Solvent was 

1:7) for 30 min with continuous shaking. Then 3.0 

mL of deionized water was added for phase 

separation. The upper layer was collected and 

concentrated in rotary vacuum evaporator. This 

concentrated extract was dissolved in 

dichloromethane/ethanol (1:4) at 50-60
0
C and 

cooled gradually in ice bath. This was then 

refrigerated overnight for crystallization. The 

crystals were filtered through Whatman No 1 filter 

paper, washed with cold ethanol and dried in 

freeze dryer. The crystallization process was 

repeated for higher level of purity (Nunes and 

Mercadante 2007).   
 

Preparation of emulsions and spray-drying 

The emulsions used for spray-drying and the 

operation of spray-drying process were similar to 

the report described by Shuet al. (2006). 

Gelatinand sucrose were dissolved in different 

ratios in hot distilled water. Lycopene solution in 

acetone was added into this aqueous solution with 

constant stirring to form a coarse emulsion, which 

was then homogenized under high pressure 

homogenizer. The resulting emulsion was spray-

dried on spray dryer (Model LU-222, Labultima, 

Mumbai, India), equipped with a spray-drying 

chamber, a high speed centrifugal atomizer, 

cyclone separator, a hot air blower and exhaust 

blower. The emulsion was fed at 2.0 ml/min into 

the chamber, atomized with hot air in a co-current 

flow mode and the spray-dried microcapsules 

were collected in the cyclone separator fitted with 

an exhaust blower.  

 

Lycopene purity (content) 

Lycopene purity was determined 

spectrophotometrically as reported by Schierle et 

al. (1997) using an UV spectrophotometer 

(Shimadzu Co. Ltd., Japan) at λmax = 503 nm. 

The purity (or content) was calculated  as: 

ω = Ad/Em 

Where ω = lycopene purity, A = absorbance, d= 

dilution factor, E = 3120, which is the extinction 

coefficient of lycopene at λ= 503 nm when n-

hexane is used as solvent; m = weight of lycopene 

sample. 
 

Encapsulation yield (EY) 

The EY was calculated as the ratio of the mass of 

microcapsules obtained and the mass of initial 

substances added (lycopene, gelatin and sucrose) 

(Man et al. 1999). The Encapsulation yield was 

calculated as follows: 
 

 
 

Where, MSA = total mass of microcapsules 

obtained after encapsulation and MSB = total 

mass of solids before encapsulation. 
 

Encapsulation efficiency (EE) 

The EE was calculated as the ratio of the initial 

mass of lycopene to be encapsulated and the mass 

of the final product. Micro-capsulated sample (20 
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mg) was dissolved in just sufficient amount of 

distilled water to form a homogeneous solution. 

The lycopene in the solution was extracted by 

hexane and its mass was determined 

spectrophotometrically as described above. The 

encapsulation efficiency (EE) was calculated 

as(McNamee et al. 2001): 
 

 
Where TL = total lycopene and SL = surface 

lycopene. 
 

SEM analysis 

A scanning electron microscope (JSM – 6360, 

JEOL, Germany) was used to study the 

microstructure of encapsulated lycopene sample. 

The sample was mounted horizontally and 

vertically using carbon tape on aluminum disc of 

diameter 3.0 cm and thickness 0.5 cm. The disc 

containing specimens was placed in vacuum 

sublimator sputter coater (JFC – 1600, JEOL, 

Germany) and sprayed with platinum. The stub 

was placed on a pre-cryogenic electron 

microscope specimen holder that was pre-frozen 

by liquid nitrogen and observed at acceleration 

voltage 10kV and 20kV (Silva et al. 2012). 
 

Experimental design for response surface 

methodology and statistical analysis 

A central composite rotatable design (CCRD) 

(Montgomery 2001) was used to investigate the 

effect of core to wall ratio (A), inlet temperature 

(B) and sucrose to gelatin ratio (C) on EY and EE. 

The statistical software package Design –Expert 

8.0.7.1 was used to design the experiment. Each 

factor was investigated at three levels, i.e.,-1, 1, 

+1 (Table 1). With three factors, a set of 27 runs 

was designed based on CCRD. The EE and EY 

were measured as response variables. A quadratic 

model was then fitted to the data upon regression. 

The relationship of the independent variables and 

the response was calculated by the second order 

polynomial (Eq. 1). 
 

 
 

Y is the predicted response, β0 a constant, βi the 

linear coefficient, βii the squared coefficient and 

βij the cross-product coefficient; k is number of 

factors. The second-order polynomial coefficients 

were calculated using the software to estimate the 

responses of the dependent variable which were 

plotted accordingly.  
 

Table 1 - Coded values of independent process 

variables. 

Process Parameters Coded Value Actual Value 

Core to wall ratio -1, 1, +1 1:2, 1:4, 1:6 

Inlet Temperature (
0
C)  -1, 1, +1 160, 170, 180 

Sucrose to gelatin ratio -1, 1, +1 6:4, 7:3, 8:2 

 
Stability Studies of microencapsulated lycopene 

The samples with and without encapsulation were 

packed in pre-sterilized glass bottles, which were 

stored under different storage conditions such as 

in presence and absence of air, sunlight, at room 

temperature (25 ± 2
0
C)and under refrigerated 

condition (5 ± 2
0
C). These were analyzed 

periodically at regular intervals of seven days for 

retetion of lycopene content. 
 

 

RESULTS AND DISCUSSION 
 

Purification of Lycopene  

The spectrophotometery results showed 

characteristic peaks of lycopene at around 445, 

472 and 503 (results not shown). However, the 

absorbance value at 503 nm with molar extinction 

coefficient of 1.585 x 10
5
 M

-1
cm

-1
was considered 

as precise since at this wavelength, there was 

minimum interference from other carotenoids 

(Zuorro and Lavecchia 2010).Wavelengths such 

as 445, 472 and 503have also been reported for 

lycopene (Aghel et al. 2011; Ranveer et al. 2013). 

The HPLC chromatogram showed two separate 

peaks, one for internal standard and another for 

lycopene (data not shown). The peak for lycopene 

was observed at retention time of 11.5. Similar 

retention time was reported by Anguelova and 

Warthesen 2000. 
 

Effect of different parameters on EE and EY 

The actual responses (i.e., EE and EY) of 

microencapsulated lycopene of independent 

variables are presented in Table 2.The results were 

analyzed by using the analysis of variance 

(ANOVA) suitable for the experimental design. 

The model F value of 6.87 and 5.45 for EE and 

EY implies that the model was significant and was 

calculated as ratio of mean square regression and 

meansqu are residual. Model P value (Prob>F) 

was very low (0.0500), which indicated that the 

model was significant. 
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The P values were used as a tool to check 

significance of each of the coefficients, which, in 

turn, were necessary to understand the pattern of 

the mutual interactions between the test variables. 

The smaller the magnitude of the P, the more 

significant was the corresponding coefficient. 

Values of P less than 0.05indicated that model 

terms were significant. The coefficient estimates 

and the corresponding P values of EE and EY, 

among the test variables used in the study, Ax B 

(core to wall ratio X outlet temperature), A x C 

(core to wall ratio X sucrose to gelatin ratio) were 

the significant model terms. The corresponding 

second-order response models (see Eqs. 2 and 3) 

of free and microencapsulated lycopene, found 

after regression analysis, were as below: 
 

EE = 1.91+ 0.012 x A + 0.008 x B + 0.005 x C – 0.055 

x A
2
 + 0.002 x B

2 
+ 0.020 x C

2
 – 0.013 x AB – 0.006 x 

AC – 0.004 x BC---------------------------------------  (2) 

R
2
 =  0.78 

EE = 1.96+ 0.006 x A + 0.012 x B + 0.003 x C – 0.004 

x A
2
 + 0.002 x B

2 
+ 0.035 x C

2
 – 0.006 x AB – 0.002 x 

AC – 0.0008 x BC-------------------------------------  (3) 

R
2
 =  0.74 

 

The surface plots of effect of independent  

 

variables on EE and EY as shown in Figures1 and 

2 represented the graphical representations of the 

regression equations, from which the values for 

different concentration of variables could be 

predicted. Each graph represented an infinite 

number of combinations of two variables with the 

others maintained at zero level. The maximum 

predicted value was indicated by the surface 

confined by the smallest ellipse in the contour 

diagram. Optimized mathematical model of 

optimal levels of the three independent variables 

for microencapsulation were: core to wall ratio at 

1:4, inlet temperature at 180
0
C, and sugar to 

gelatin ratio at 7:3, which showed maximum EE 

(82.2 ± 0.95) and EY (92.6 ± 0.86).  

The maximum EY was recorded when core to 

wall ratio was 1:4, whereas there was no 

significant difference EY, when core to wall ratio 

was 1:2 and 1:6. EE was lower in case of 1:2 ratio 

(i.e., 69.3 ± 0.61) than 1:6 ratio (i.e., 78.3±0.55). 

The reason could be associated with the instability 

of emulsion when core to wall ratio was 1:2; it 

was found that the emulsion started delaminating 

at 1:2 ratio. Therefore, 1:4 ratio was optimal 

choice for effective microencapsulation. 

Table 2 - Effect of process conditions on EE and EY. 

Run Mcore/ Mwall Inlet Temperature  (
0
C) Sucrose/ Gelatin EE (%) EY (%) 

1 1:2 160 6:4 63.9±1.06 77.5 ±0.80 

2 1:2 170 6:4 65.1±0.58 80.1±1.00 

3 1:2 180 6:4 68.9±1.10 86.9±1.07 

4 1:2 160 7:3 67.4±0.96 90.8±0.73 

5 1:2 170 7:3 68.7±0.41 91.2±0.20 

6 1:2 180 7:3 69.3±0.61 91.6±0.26 

7 1:2 160 8:2 65.8±0.95 76.2±1.05 

8 1:2 170 8:2 68.9±0.70 79.8±0.80 

9 1:2 180 8:2 79.2±0.73 90.3±0.50 

10 1:4 160 6:4 77.9±0.87 83.6±1.07 

11 1:4 170 6:4 79.8±0.90 88.9±0.90 

12 1:4 180 6:4 81.5±0.69 91.5±1.09 

13 1:4 160 7:3 81.0±0.40 91.3±1.06 

14 1:4 170 7:3 81.9±0.92 91.7±0.56 

15 1:4 180 7:3 82.2±0.95 92.6±0.86 

16 1:4 160 8:2 75.3±1.09 80.3±1.00 

17 1:4 170 8:2 79.9±0.47 81.8±1.09 

18 1:4 180 8:2 80.6±0.75 82.6±0.85 

19 1:6 160 6:4 66.5±0.65 82.7±0.90 

20 1:6 170 6:4 69.2±0.97 84.6±0.43 

21 1:6 180 6:4 72.1±0.56 87.1±0.46 

22 1:6 160 7:3 77.2±0.72 89.5±0.80 

23 1:6 170 7:3 77.8±0.50 90.2±0.65 

24 1:6 180 7:3 78.3±0.55 91.5±1.01 

25 1:6 160 8:2 77.2±0.63 85.5±0.70 

26 1:6 170 8:2 69.1±0.80 87.2±0.86 

27 1:6 180 8:2 65.3±0.37 88.5±0.78 

*Results are mean ±SD of three determinations 
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Figure 1 - Effect of independent variables on EE. 
 

 

 
 

Figure 2 - Effect of independent variables on EY. 
 

 

 

Both EY and EE increased with increase in 

temperature from 160 to 180
0
C. The high inlet 

temperature (i.e., more than 200
0
C) could break 

the balance between the rate of water evaporation 

and film-formation, leading to break down of the 

wall system of microcapsules, which was 
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responsible for low EE. Shu et al. (2006) reported 

that increase in temperature increased EY and EE, 

whereas these decreased dramatically at higher 

temperature (210
0
C). EY and EE were higher 

when the sucrose to gelatin ratio was 7:3, whereas 

lower when ratio was 8:2 and 6:4. The reason for 

such an observation could be due to significant 

increase in the viscosity of emulsions at sucrose to 

gelatin ratio of 8:2 to 6:4, which resulted in bad 

atomization effect during spray-drying, resulting 

in the formation of irregular particles with large 

particle size distribution, which would lead to 

accumulation of some under-dried particles on the 

chamber wall (Ozgur and Mustafa 2005). 

 

SEM analysis 

The lycopene crystals without encapsulation and 

microencapsulated sample were subjected to SEM 

analysis (Fig. 3). It could be found that lycopene 

without encapsulation appeared like “saw dust”, 

whereas microcapsules were spherical (2–15 µm 

in diameter with an average of 5 µm), having a 

smooth outer surface and a „„bee net‟‟-like inner 

structure. The formation of smooth outer percent 

degradation was observed after 35 days in dark 

condition.  However, encapsulated samples, after 

42 days storage in sunlight and dark conditions 

showed only 30.42 and 10.34% degradation, 

respectively. These results concluded that sunlight 

affected the stability of lycopene. Hackett et al. 

(2004) found that pigment stability decreased with 

time when stored under fluorescent light at 25 and 

50°C. Lee and Chen (2002) reported that the 

degradation reactions of lycopene were influenced 

by the factors such as heat, light and oxygen; they 

also reported that the surface were probably 

attributed to the addition of sucrose in the 

formulation, which could retain some water 

molecules linked to its own structure, filling the 

internal empty space of the micro-particles, 

avoiding depressions on the surface. The reason 

for formation of „„bee net‟‟-like inner structure 

seemed to be associated with the evaporation rate 

of water from the core of microcapsules during 

microencapsulation (Shu et al. 2006). 
 

Storage stability study  

Lycopene samples, with and without 

encapsulations, were subjected to study of storage 

stability in different storage conditions and results 

are presented in Figures 4 and 5. 
 

 
 

 
 

Figure 3 - SEM image of (A) lycopene without 

encapsulation and (B) microencapsulated Lycopene. 

 
 

 
 

Figure 4 - Retention (%) of lycopene without 

encapsulation. 

 

 
 

Figure 5 - Retention (%) of encapsulated lycopene. 
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Effect of oxygen on storage stability of lycopene 

Both the samples, i.e., with and without 

encapsulation showed better retention of lycopene 

in the absence of air. The lycopene sample without 

encapsulation recorded only 5.29 % after 28 days 

of storage in presence of air and 6.83% after 35 

days storage in absence of air. The encapsulated 

samples after 42 days of storage recorded retention 

of 67.57 and 71.38% in the presence and absence 

of air, respectively. It is well known that lycopene 

degradation occurs in the presence of oxygen by 

auto-oxidation. Better retention of lycopene was 

seen in the capsulated samples than in the samples 

without encapsulation.  Anguelova and Warthesen 

(2000) reported that the presence of oxygen and 

increased temperature had the most unfavorable 

effect on lycopene stability as they increased auto-

oxidation of lycopene. 

 

Effect of sunlight on storage stability of 

lycopene 

The samples stored in dark conditions showed 

better retention of lycopene than the samples 

stored in the presence of sunlight. The sample 

without encapsulation showed highest degradation 

(93.75%) after 28 days storage in sunlight, 

whereas about 94% of lycopene was loss after 144 

h of exposure to light. 

 

Effect of temperature on storage stability of 

lycopene 

The encapsulated lycopene sample stored in 

refrigerated condition showed highest retention 

(90.56%) than any other samples and sample 

stored in room temperature showed 75.6% 

retention after 42 days storage. Less than 5% 

retention was recorded in lycopene sample without 

encapsulation. The results concluded that the 

temperature had significant effect on the storage 

stability of lycopene. Extracted lycopene rapidly 

degraded when exposed to light, oxygen and high 

temperature (Brumann and Grimme 1981). 

 

 

CONCLUSION  

 
The study showed that crystallization was one of 

best method for the purification of lycopene. The 

optimum process conditions, i.e., core to wall ratio 

was 1:4, inlet temperature 180
0
C and sucrose to 

gelatin ratio was 7:3 for encapsulation of lycopene 

by spray drying method. Stability study indicated 

that encapsulated sample stored at refrigerated 

condition had most lycopene retention than any 

other sample. This could help to improve the 

storage stability of lycopene. 
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