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ABSTRACT 

Carotenoids are natural compounds present in animals and plants. They have important applications in food 

and drugs and are usually extracted from natural materials. Alfalfa is rich in carotenoids. Commercial methods have 

been described for extracting carotenes and xanthophylls from alfalfa. In the present study, carotenoids were 

extracted and measured from alfalfa by acid, alkaline and enzyme extraction methods. The results showed different 

contents of the carotenoids in different methods of extraction. The carotenoids level when enzyme was used for the 

extraction from Alfalfa was significantly more than acid and alkaline. This finding shows that the pigment was 

probably attached to proteins in alfalfa. In this experiment, sodium hydroxide could also replace enzymatic methods. 

The amount of pigment was followed by sodium hydroxide treatment after enzymatic method. 
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1. INTRODUCTION 

Nowadays medicinal plants are widely used to treat or prevent various diseases (Asadbeigi, 2014; Karamati, 

2014; Bahmani, 2016; Shaygannia, 2016; Delfan, 2014). They are also used for preparation of new drugs and 

coloring ingredients for industrial purposes (Bahmani, 2013; Sarrafchi, 2016; Bahmani, 2014; Saki, 2014; Bahmani, 

2014). Pigments are natural products and the major attributes to the quality of a food product, affecting the 

appearance and acceptance of the product, affecting the appearance and acceptance of the product (Sowbhagya, 

2010). Carotenoids are one of the most important pigments in plants. Carotenoids were first discovered in carrots, 

from which in 1831 a compound that was named ‘beta-carotene’ was isolated. They are essential for photosynthesis 

and in general for life in the presence of oxygen, and for numerous biological functions. These components are 

known to provide a range of biological effects (provitamin, antioxidant, coloringو etc.). The role of carotenoids as a 

source of pigment and in immune defense system has been established. They have antioxidant activity and provitamin 

function. 

Several methods have described to extract these pigments from plant materials. Carotenoids are usually 

extracted by using different solvents. Carotenoids have been extracted using organic solvents but the heightened 

public awareness of health issues and the application of more restrictive regulations have stimulated other 

technologies (Macas-Snchez, 2010). The most effective known solvents are products of the petroleum industry which 

are toxic for human consumption (Safarnejad, 1996).  

Alfalfa (Medicago sativa L.) is a valuable forage crop which is grown in areas of limited rainfall, high 

temperature where the land is often salt affected (Ishida, 2009). It is recognized as the oldest plant for forage. This 

plant has good natural source of raw materials such as carotenoids. The application of the different methods in the 

recovery of carotenoids from alfalfa such as solvent extraction method has been widely used. The aim of this study 

was to use non solvent extraction techniques and compare these techniques for extracting carotenoids from Alfalfa.  

2. MATERIALS AND METHODS 

The test materials: Alfalfa was collected in West of Iran and identified by Dr. Atousa Ziaei. Then it was air dried 

in the shade and powdered.  

Extraction of carotenoids by trypsin: Five g of sample was placed in test tube and dissolved in de-ionized water. 

Separation of carotenoids was done by trypsin. 2% of trypsin was added to samples and heated at 37°C for 120 min. 

The hydrolysate was then centrifuged and the supernatant was used for experiments.   

Extraction of carotenoids in alkaline condition: The sample (2 g) was placed in test tube and dissolved in the 

NaOH. Two concentrations 0.1 and 0.01N were chosen. The samples were kept in 4°C for 48 h. The hydrolysate was 

then centrifuged and the supernatant was used for experiments.   

Extraction of carotenoids in acid condition: 2 g of samples were placed in test tubes. For induction acid condition, 

HCl and H2SO4 were chosen. Two concentrations 0.1 and 0.01 N were used for each acid.  The samples were kept 

in 4°C for 48 h. The hydrolysates were then centrifuged and the supernatant was used for experiments. 
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Determination of total cartenoids of extraction: Total carotenoids were determined by β carotene standard curve 

and by spectrophotometric method at 470 nm. The total carotenoids content of samples was calculated on the basis 

of the standard curve of β carotene (Sowbhagya, 2010). 

Statistical Analysis: The concentration of carotenoid was calculated using the standard curve obtained by 

commercial β carotene: Y=0.1566x-0.002, R2=1. The evaluation was made by comparing groups using analysis of 

T-Test in SPSS software. The difference more than 95% (p≤ 0.05) was considered significant.   

3. RESULTS 

The results of this study were summarized and expressed as mean ±SD in Table 1. The level of carotenoids 

in enzymatic method (6.1± 0.53 g) was significantly different compared to the ones in other groups (p<0.05). The 

amount of pigment was followed by sodium hydroxide and acid treatment, respectively (Table 1). The amounts of 

carotenoids were significantly different between groups according to normality in acid and alkaline. The p value, in 

HCl group was 0.01. The change in alkaline condition was also observable (p = 0.02). The carotenoids amount in 

H2SO4 was slight difference recorded.   

Table.1. Level of carotenoids (mg/g) 

Acid condition Alkaline condition 

NaOH(N) 

Enzymatic condition 

HCl(N) H2SO4(N) 

0.1 (a) 0.01 (b) 0.1 (c) 0.01 (d) 0.1 (e) 0.01 (f) Trypsin(%2)(g) 

0.86± 0.01 1.18± 0.02 0.96± 0.01 1.38± 0.01 1.5± 0.03 2.4± 0.16 6.1± 0.53 

DISCUSSION 
In this study, the maximum extraction yields of carotenoids were obtained in enzymatic condition.  Over the 

years, numerous procedures have been proposed for the isolation of colors from plant materials. Generally, the 

methods of extraction for pigments are solvent extraction. But, the application of enzymes for separation is also 

reported in literature. The enzymes can lose the structural integrity of plant materials (Thaipong, 2005). Therefore, 

the color extraction will be enhanced. In our study, the most amounts of carotenoids were also obtained from alfalfa 

in enzymatic method. In the previous study it was also revealed that trypsin recovered highest amount of carotenoids 

from shrimp wastes (Babu, 2008).  

The described process offers enzymatic condition as a selective extraction of carotenoids which can be used 

for food dyes. These data will also provide evidence for the connection between the protein and carotenoids. In this 

process, protein-pigment complexes were separated with a protease enzyme. The carotenoprotein complexes are 

usually water-soluble (Pilbrow, 2010). 

In this work, an alternative extraction process for carotenoids alkaline condition was proposed. In the present 

study, sodium hydroxide extraction was more effective than acid extraction. In food industries, sodium hydroxide is 

used for different purpose including peeling of potatoes, solubilizing plant proteins, neutralizing casein preparations 

(sodium caseinate), and removal of toxic constituents such as aflatoxin (Whitaker, 2009). Therefore, pigment from 

the alfalfa could be efficiently and safety also achieved by this method.  

In acid and alkaline groups, the levels of carotenoids were dependent to normality of acid and alkaline. When 

the normality of acid and alkaline was decreased from 0.1 to 0.01 N, the slight increase in the extraction yield 

observed (Table 1).   

This plant is an inexpensive animal feed rich in minerals, vitamins, carotenoids, and protein. Their 

carotenoids are vital nutrient for healthy growth and tissue color in fish. Alfalfa also utilize in pigmentation of the 

egg yolk (Yanar, 2008). Furthermore, carotenoids can apply in food such as margarine, ice cream, cheese, etc to 

obtain better health benefit.  Its dye can be easily used as natural component for application in feed and food 

throughout the world. This matter could be considered by food industries. These products have functional and active 

ingredients. Carotenoids are considered to be critical in protection against oxidative damages. Carotenoids are 

soluble in the polar solvents including edible fats and oils. They are usually mixed with food; this method will boost 

the antioxidant content of food. Fatty foods such as oils are very sensitive to oxidation. Carotenoids inhibit lipid per-

oxidation. They can delay oxidative rancidity (Antone, 2012). Therefore, carotenoids can keep foods for longer time. 

CONCLUSION 

In conclusion, this study showed that enzymatic extraction is more effective as compared with other methods 

and the extraction of carotenoids from the plant could be efficiently and economically achieved by this method. 

ACKNOWLEDGEMENTS 

Authors are grateful from Department of Environmental Health Engineer, Food Safety Division, Faculty of 

Public Health, Tehran University of Medical Sciences, Tehran, Iran 

  



ISSN: 0974-2115    
www.jchps.com                                                       Journal of Chemical and Pharmaceutical Science 

July - September 2016 1324 JCPS Volume 9 Issue 3 

 

REFERENCES 

Antone U, Sterna V and Zagorska J, Carotenoid potential to protect cow’s milk fat against oxidative deterioration, 

Engineering and Technology, 64, 2012, 1132-1136. 

Asadbeigi M,  Mohammadi T,  Rafieian-Kopaei M, Saki K, Bahmani M,  Delfan B, Traditional effects of medicinal 

plants in the treatment of respiratory diseases and disorders, an ethnobotanical study in the Urmia, Asian Pac J Trop 

Med, 7(1), 2014, S364-S368. 

Babu C.M, Chakrabarti R and Sambasivarao K.R, Enzymatic isolation of carotenoid-protein complex from shrimp 

head waste and its use as a source of carotenoids, LWT, 41, 2008, 227-235. 

Bahmani M, Rafieian-Kopaei M, Hassanzadazar H, Saki K, Karamati SA, Delfan B, A review on most important 

herbal and synthetic antihelmintic drugs, Asian Pac J Trop Med, 7(1), 2014, 29-33. 

Bahmani M, Sarrafchi A, Shirzad H, Rafieian-Kopaei M, Autism, Pathophysiology and promising herbal remedies, 

Curr Pharm Des, 22(3), 2016, 277–285.   

Bahmani M, Vakili-Saatloo N, Maghsoudi R, Momtaz H, Saki K, Kazemi-Ghoshchi B, A comparative study on the 

effect of ethanol extract of wild Scrophularia deserti and streptomycin on Brucellla melitensis, J Herbmed Pharmacol, 

2(1), 2013, 17-20. 

Bahmani M, Zargaran A, Rafieian-Kopaei M, Saki M, Ethnobotanical study of medicinal plants used in the 

management of diabetes mellitus in the Urmia, Northwest Iran, Asian Pac J Trop Med, 7(1), 2014, 348-354. 

Delfan B, Bahmani M, Hassanzadazar H, Saki K, Rafieian-Kopaei M, Identification of medicinal plants affecting on 

headaches and migraines in Lorestan Province, West of Iran, Asian Pac J Trop Med, 7(1), 2014, 376-379. 

Ishida B.K and  Chapman M.H Carotenoid Extraction from Plants Using a Novel, Environmentally Friendly Solvent 

J, Agric, Food Chem, 57, 2009, 1051–1059. 

Karamati SA, Hassanzadazar H, Bahmani M, Rafieian-Kopaei M, Herbal and chemical drugs effective on malaria, 

Asian Pac J Trop Dis, 4(2), 2014, 599-601. 

Macas-Snchez M.D, Fernandez-Sevilla J.M, Acién Fernndez F.G, Cern Garca M.C and Molina Grima E, 

Supercritical fluid extraction of carotenoids from Scenedesmus almeriensis, Food Chemistry, 123, 2010, 928–935, 

Pilbrow J,Garama D and Carne A, Carotenoid-binding proteins,accessories to carotenoid function, ACTA 

Biochimica Polonica,  59, 2012, 163-165. 

 Safarnejad A,  Collin H.A, Bruce K.D and  McNeilly T, Characterization of alfalfa (Medicago sativa L,) following 

in vitro selection for salt tolerance, Euphytica, 92, 1996, 55-61. 

Saki K, Bahmani M, Rafieian-Kopaei M, The effect of most important medicinal plants on two important psychiatric 

disorders (anxiety and depression)-a review, Asian Pac J Trop Med, 7(1), 2014, 34-42. 

Sarrafchi A, Bahmani M, Shirzad H, Rafieian-Kopaei M, Oxidative stress and Parkinson's disease, New hopes in 

treatment with herbal antioxidants, Curr Pharm Des, 22(2), 2016, 238 – 246.  

Shayganni E, Bahmani M, Asgary S, Rafieian-Kopaei M, Inflammaging and cardiovascular disease, management 

by medicinal plants, Phytomedicine, 15, 2015, 3356-360. 

Sowbhagya HB and Chitra VN, Enzyme-Assisted extraction of flavorings and colorants from plant materials, Critical 

Reviews in Food Science and Nutrition, 50, 2010, 146-161. 

Thaipong K, Boonprakob U, Zevallos L.C and Byrne D.H, Hydrophilic and lipohilic antioxidant activities of guava 

fruits, The Southeast Asian Journal Tropical Medicine and Public Health, 36, 2005, 254-257. 

Whitaker JR, Changes Occuring in Proteins in Alkaline Solution, Chemical Deterioration of Proteins, Chapter 7, Vol, 

123, 2009, 145–163. 

Yanar M, Ercen Z, Ozlur Hunt A and Buyukcapar H, The use of alfalfa, Medicage Sative as a natural carotenoid 

source in diets of goldfish Carassius auratus, Aquaculture, 284, 2008, 196-200. 

 

http://pubs.acs.org/action/doSearch?ContribStored=Ishida%2C+B+K
http://pubs.acs.org/action/doSearch?ContribStored=Chapman%2C+M+H
http://link.springer.com/search?facet-creator=%22A.+Safarnejad%22
http://link.springer.com/search?facet-creator=%22H.+A.+Collin%22
http://link.springer.com/search?facet-creator=%22K.+D.+Bruce%22
http://link.springer.com/search?facet-creator=%22T.+McNeilly%22
http://link.springer.com/journal/10681
http://www.ncbi.nlm.nih.gov/pubmed/16438219
http://pubs.acs.org/isbn/9780841205437

