
Carotenoids: Extraction, Fractionation, Identification from Some Food Processing …. 

J. Saudi Soc. for Food and Nutrition., Vol. 5, No. 2; 2010 

13 

Carotenoids: Extraction, Fractionation, Identification from Some Food 

Processing Wastes and Utilization as Natural Colorant in Spaghetti 
 

Mohsen, S.M. 
1
;  Bazaraa, W.A. 

1*
;  Shams El-Din, M.H.A.

 2
 and Shedeed, N. A.

 2
 

1 Food Science Department, Faculty of Agriculture, Cairo University, Giza, Egypt. 

2 Food Science Department, National Research Centre, Dokki, Cairo, Egypt. 
*
e-mail: waelbazaraa@hotmail.com 

 

ABSTRACT:  Carotenoids from tomato processing wastes (TPW), mango peels (MP), corn gluten (CG) and 

agriculture dill waste (DW) were extracted by different methods and identified by thin layer chromatography. 

Extraction with acetone: hexane (2:3,V/V) was found as the most efficient method in extracting carotenoids 

from TPW, MP and DW. Meanwhile, the ethyl alcohol (95%) was the most efficient solvent in extracting 

carotenoids from CG. Lycopene and β-carotene represented the highest fractions in TPW and MP, 

respectively. Zeaxanthin was the major pigment in CG, while lutein was the predominant in DW. Spectral 

characteristics of the isolated pure fractions were measured. Carotenoids extracts were used for coloring 

spaghetti. Spaghetti was dehydrated by hot air oven and microwave. Drying caused loss in carotenoids 

content. Supplementation of spaghetti with 0.5 or 1% carotenoids extracts significantly improved its color 

scores and the overall acceptability with no change in the preference of appearance and flavor. 
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INTRODUCTION 
 

Color plays a major role in determining the appeal of most foods and is often used as index 

of freshness and wholesomeness. Color may be changed during processing, storage, or 

preparation in ways that affect food appealing. Thus controlling, changing, and/or 

stabilizing the color of foods is a major objective for food scientists (Cramer et al., 2001). 

The use of artificial dyes in food industry has become a common practice. However, a great 

concern about their potential effect on human health has been raised (Dias et al., 2009) and 

therefore the utilization of natural products as alternative food colorants gained an 

increased interest (Favati et al., 1988). Natural colorants include: anthocyanine, betalains, 

caramel, carmine, carotenoids, chlorophylls and riboflavin. The concentrated juices or 

powders of beet, cranberries, raspberries, elderberries, grape, etc.. can occasionally be used 

to color certain food products compatible with the acidity and the flavor of the fruit 

involved (Kopsell and Kopsell, 2006). Carotenoids pigments such as annatto (bixin, as the 

main pigment), paprika extract (capsanthin), alfalfa and tagetes extracts (xanthophylls, 

mainly lutein), tomato extract (lycopene) and carrot extract (β- carotene) are widely used as 

food coloring additives (Santamaria et al., 2000). These pigments can be used in coloring 

dairy products, margarine, processed cheese and cereal products (Richardson and Cowan, 

1995). The processing of tomatoes, mango and corn into different products generates large 

amount of wastes. When these wastes remain unutilized, they are not only added to the 

disposal problem, but also aggravate environmental pollution (Shams El-Din and Abd El-

Kader, 1997; Hang, 2006). Therefore, the extraction, identification, fractionation and 
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utilization of carotenoids, as natural colorants, from such wastes have been studied 

(Hamed, 1985; Roger et al., 1993; Rizk et al., 2002). 

  The present study aimed to evaluate and compare some carotenoids extraction 

methods, as well as the fractionation and identification of these compounds. Also, the 

evaluation of the use of these carotenoids as an additional source of natural pigments in 

spaghetti processing was conducted. 

 

MATERIALS AND METHODS 
Materials  
Tomato processing wastes (TPW) and mango peels (MP) were collected from the Juice 

Extraction Unit, Food Technology Research Institute, Agriculture Research Center, Giza, 

Egypt. Corn gluten (CG) was from the National Company for Maize Products (10
th

 of 

Ramadan City, Egypt), while agriculture dill wastes (DW) was from the Agriculture 

Research Center farm, Giza, Egypt. Wheat flour (72% extraction) was purchased from 

North Cairo Mills Company (Cairo, Egypt), whereas fungal enzymes (pectinase and 

cellulase) and tween 80 were obtained from Sigma Chemical Co. (St. Louis, MO, USA). 

Analytical grade hexane, acetone and ethanol were obtained from El-Nasr Pharmaceutical 

Chemical Co., (Cairo, Egypt), while, d-limonene was from KATO Aromatic Company 

(Harrania, Giza, Egypt).                                                                       

Preparation of food processing wastes 

 Fresh materials were washed and dried (over night) in a hot air oven (40ºC), ground 

to a fine powder using an electric mill and kept refrigerated (4ºC±1) in polyethylene bags 

for further uses.  

Extraction of carotenoids from wastes   
Carotenoids from different wastes were extracted using different methods as 

follow: 85% acetone (Ting and Hendrickson, 1969), hexane (Megahed, 1985), acetone and 

hexane (2:3, v/v) (AOAC, 2000), 95% ethyl alcohol (Minguez-Mosquera et al., 1992), d- 

limonene (Rosenberg et al., 1983), pectinase  followed by cellulase (Wisland, 1972) and 

0.1% Tween 80 (Milicua et al., 1991). Each extract was concentrated by rotary evaporator 

under vacuum at 40°C. 

Saponification 

Each concentrated extract was saponified to remove the fixed oils and chlorophylls 

(Gross et al., 1971). Two grams of the concentrated extract were dissolved in 98 ml ether 

and an equal volume of 10% methanolic KOH (100 g potassium hydroxide, 750 ml of 

methanol and 250 ml water) was then added. The mixture was kept over night in a dark 

place to complete saponification, then a saturated sodium chloride solution was added and 

2 layers were formed. The aqueous methanolic layer was extracted twice with ether. The 

combined ether extract was washed with distilled water, dried over anhydrous sodium 

sulphate, filtered on Whatman No. 40 filter paper (Whatman International LTD. 

Maidstone, England) and concentrated under vacuum in a rotary evaporator at 40ºC. The 

spectrophotometric quantitation of carotenoids was then carried out according to Gross et 

al. (1971) and Davies (1976). The extracted carotenoids were identified by 2 TLC systems 
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as reported by Davies et al. (1970a) and the isolated fractions were scraped, extracted with 

hexane and filtered using Whatman No.42 filter paper. The absorbance of the clear filtrate 

was then spectrophotometrically measured at the maximal predetermined wavelengths 

(472, 451, 510, 474, 443, 444, 447, 466 and 458 nm) for lycopene, β-carotene, zeaxanthin, 

capsorubin, violaxanthin, antherxanthin, lutein, canxanthin and echineone, respectively. 

The concentration of carotenoid fractions were then calculated using the following 

equation: 

 

                     C = A / E      X 100 

   

Where,  

C = concentration of fraction (mg / ml)  

A =  absorbance at maximum wavelength  

E = specific extinction coefficient of each fraction (Boliger, 1962; Davies et al., 

1970b). 

 

Processing of spaghetti samples  
The crude carotenoid extracts of TPW, MP, CG and DW were individually blended 

with wheat flour (72% extraction) at 0.5 and 1% level. The spaghetti samples were 

prepared according to the recipe of Yaseen (1993) using Pasta Matic 1000, (Simac 

Machine Corporation, Millano, Italy). Prepared spaghetti was dehydrated for 15 min at 

room temperature and then dried in cabinet dryer (at 40ºC for 14 hr) or in microwave oven 

(Gold Star, ER-535 MD, Egypt) at a high power level (2450MHz) for 1 min. Dried 

samples were cooled for one hour at room temperature and packed in polyethylene bags for 

further evaluation. Color of the dried spaghetti was then extracted (Ting and Hendrickson, 

1969) and spectrophotometrically identified at the wavelength of maximum absorption of 

carotenoids at 472, 451, 447, 510 nm for lycopene, β-carotene, lutein and zeaxanthin 

extracted from TPW, MP, CG and DW, respectively. Spaghetti was cooked (10 min) in 

boiling water, washed with cold water and color was then measured at the same 

wavelengths previously mentioned. 

Sensory evaluation of cooked spaghetti 

Cooked spaghetti supplemented with different carotenoids extracts were given 

three digit codes and organolyptically evaluated by 10 untrained panelists from the Food 

Science Department researchers, National Research Center, Dokki, Giza, Egypt. All 

samples were evaluated for color, appearance, flavor and overall acceptability as described 

by Matz (1959) using ten points hedonic scale. Samples were compared with a control with 

no added carotenoids extract. 

Statistical analyses 
Data were statistically analyzed using one-way analysis of variance, ANOVA (Rao 

and Blane, 1985). All data were the average of 3 replications. 

 

 

 

1% 

1cm 
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RESULTS AND DISCUSSION 
 

Extraction of carotenoids 
Acetone (85%), hexane, acetone: hexane (2:3, V/V), ethyl alcohol (95%), d-limonene, 
enzymes (pectinase and cellulase) and tween 80 (0.1%) were evaluated for their suitability 
for the extraction of natural carotenoids from TPW, MP, CG and DW.  The obtained 
results (Table 1) indicated that extraction with acetone: hexane (2:3, V/V) was the most 
efficient method in extracting carotenoids from TPW, MP and DW, followed by acetone 
(85%), tween 80 (0.1%) and ethyl alcohol (95%). This may be due to the polarity wide 
range of the acetone: hexane (2:3, V/V) mixture which resulted in higher extraction ability. 
Meanwhile, no significant differences (at the 5% level) between the yield of carotenoids 
extracted with acetone (85%) and tween 80 (0.1%) could be observed. These results are in 
agreement with those reported by Lin and Chen (2005) and Baumy (1997). Tween-80 was 
used by Milicua et al. (1991) to solubilize carrot carotenoprotein with the yield of 80 µg.g

-

1
. On the other hand ethyl alcohol (95%) was the most efficient solvent in extracting 

carotenoids from CG, followed by tween 80 (0.1%), acetone (85%), acetone- hexane (2:3, 
V/V) and enzymes (pectinase and cellulase) (Table 1). Nagodawithama and Reed (1992) 
reported that pectinase and cellulase were applied to disintegrate the plant tissues to 
improve the yields in pigment extraction. Usually a combination of cellulolytic and 
pectinolytic enzymes accelerates the rate of hydrolysis for achieving complete liquefaction. 
No significant differences (at the 5% level) could be observed in carotenoids yield from 
TPW, MP and DW when d-limonene and water-enzymes extraction methods were applied 
(Table 1). These two methods gave the lowest carotenoid yields in all tested materials 
compared to other extraction methods. Meanwhile Rosenberg et al. (1983) reported that 
high amounts of Valencia peel- carotenoids (about 4.5 g. Kg

-1
) were obtained, when 

extracted by d-limonene. 
 

Table 1. Total carotenoids yields of tomato processing wastes (TPW), mango peels (MP), 

corn gluten (CG) and agriculture dill wastes (DW) as affected by extraction methods. 

Extraction methods 
*Carotenoid yield (mg .100g

-1
) ± SD 

TPW MP CG DW 

Acetone (85%)   83.0
b
±1.9  101.0

b
±2.0 201.0

c
±1.5 178.0

b
±1.5 

Hexane 70.0
d
±1.6   79.0

d
±1.3 145.0

e
±1.3 134.0

e
±1.2 

Acetone: Hexane (2:3, v/v) 90.0
a
±1.5 105.0

a
±2.7 190.0

d
±2.3 193.0

a
±3.2 

Ethyl alcohol (95%)  75.0
c
±1.3   91.0

c
±1.5 221.0

a
±1.2 165.0

d
±1.6 

D- Limonene 60.0
e
±1.3   69.0

e
±1.0 129.0

g
±1.3 120.0

f
±1.2 

†Enzymes 63.0
e
±0.9   74.0

e
±1.1 140.0

f
±1.4 124.0

f
±1.1 

Tween80 (0.1%) 81.0
b
±1.1   99.0

b
±1.2 211.0

b
±2.2 169.0

c
±2.2 

*Means followed by different superscripts (within columns) are significantly different at the 5% level.  

†Enzymes: pectinase  (1.5 u, 1.0 h) followed by cellulase (1.5 units, 3.0 h) for TPW, pectinase  (1.5 u, 2.0 h) 

followed by cellulase (1.5 u, 2.0 h) for MP, pectinase  (1.5 u, 1.0 h) followed by cellulase (1.5 units, 1.0h) for 

CG and pectinase (1.0 u, 2.0 h)  followed by cellulase (1.5 u, 1.0 h) for DW. 
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Spectrophotometric characteristics of the extracted carotenoids 

Results indicated the presence of 3 maximal absorption values for lycopene (444, 

472 and 508 nm), β-carotene (425, 451 and 479 nm), zeaxanthin (425, 479 and 510 nm), 

capsorubin (420, 474 and 501 nm), violaxanthin (401, 447 and 452 nm), antherxanthin 

(420, 444 and 472 nm) and lutein (420, 447 and 477 nm). On the other hand echineone 

showed 2 maximal absorption values at 456 and 480 nm, while canxanthin exhibited only 

one peak value at 466 nm. These results were in very close agreement with those reported 

by Karrer and Jucker (1950), Goodwin (1955) and Davies (1976). However, Goodwin 

(1955) reported only 2 maximal absorption values for capsorubin (474.5 and 504 nm) 

which agreed well with those obtained in this study.  

Results (Figs. 1-4) indicated the spectral characteristics of the crude carotenoids 

extracted from different wastes and it is clear that each waste showed a characteristic 

spectrum where, crude carotenoids from TPW (Fig. 1) indicated the presence of six peaks 

at 443, 447,451, 464, 472 and 474 nm. Meanwhile, the crude carotenoids from MP and CG 

(Figs. 2 and 3) showed five peaks for each at 444, 447, 451, 465 and 475 nm for MP and 

438, 447, 451, 479 and 510 nm for CG.  Furthermore, the DW carotenoids (Fig. 4) had 

only four absorption peaks at 440, 443, 447 and 510 nm. The same findings were reported 

by Baumy (1997) who studied the spectral absorption curve of acetone extract for tomato 

processing waste. He reported that pigment exhibited intense absorption in the visible 

region between 472 and 477nm and the maximum absorbance was at 474 nm. Also, 

obtained results are in agreement with those obtained by Gross et al. (1971) and Davies 

(1976) who indicated that carotenoids possessed absorption in the visible region (400-600 

nm), which could be widely used for their identification. 
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Figure 1. Spectrum characteristics of TPW carotenoids extracted by hexane. 
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Figure 2. Spectrum characteristics of MP carotenoids extracted by hexane. 
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Figure 3. Spectrum characteristics of CG carotenoids extracted by hexane. 
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Figure 4. Spectrum characteristics of DW carotenoids extracted by hexane. 

 

 

Chromatographic Identification of the extracted carotenoids 

The crude carotenoids from TPW, MP, CG and DW extracted with acetone: hexane 

(2:3, V/V) (as the best representative of the tested organic solvents), enzymes and Tween 

80 (as natural, safe and relatively new extraction methods), were chosen for fractionation 

using 2 thin layer chromatography (TLC) systems (Davies et al., 1970a). The RF values of 

the separated fractions were calculated and the color of each fraction was recorded (Table 

2). The first system was successfully useful in isolating lycopene and β- carotene with RF 

0.15 and 0.84, respectively. MP, CG and DW were characterized by the absence of 

lycopene. On the other hand, the second system was able to isolate the other 7 carotenoids 

fractions namely: zeaxanthine, capsorubin, violaxanthine, antherxanthin, lutein, 

canxanthine, echineone. Zeaxanthine (RF 0.53 with light orange color) was found only in 

CG and DW extracts, while echineone was only found in TPW. Results also indicated the 

presence of capsorubin, violaxanthine, antherxanthin and lutein in all tested wastes. The 

calculated RF values of the identified fractions were quite similar to those previously 

reported by Davies et al. (1970 a, b) and Hamed (1985). Furthermore, the color of each 

fraction in the visible region was also similar to that reported by Yokoyama and White 

(1967) and Hamed (1985). 
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Table 2. The RF values and color of different carotenoids using thin layer chromatography 

(TLC) systems. 

 

**TLC 

system 
name †Standard RF  values 

*Obtained RF ±SD 

TPW MP CG DW color 

1 
Lycopene 0.15 0.15g ± 0.01 ……. ……… …….. Dark red 

ß carotene 0.84 0.84b ± 0.05 0.83a ± 0.05 0.83a ± 0.05 0.83a ± 0.05 Light orange 

        

 

 

 

 

2 

Zeaxanthine 0.53 …….. …….. 0.53c ± 0.05 0.53c ±0.06 Light orange 

Capsorubin 0.20 0.20 f ± 0.05 0.20e± 0.10 0.21f ± 0.49 0.20f± 0.01 Yellow 

Violaxanthine 0.35 0.34e ± 0.01 0.34d ± 0.08 0.35e ± 0.82 0.34e ± 0.6 Yellow 

Antherxanthin 0.40 0.39d ± 0.10 0.40c ±0.07 0.40d ± 0.24 0.40d ± 0.05 Yellow 

Lutein 0.57 0.56c ± 0.92 057 b± 0.64 0.56b ± 0.57 0.57b ± 0.21 Light orange 

Canxanthine 0.82 …….. 0.82a ± 0.14 0.82a ± 0.01 0.82a ±0.00 Yellow 

Echineone 0.90 0.90a ± 0.05 ……… …… ……. Dark red 

*Means followed by different superscripts (within columns) are significantly different at the 5% level.  

**1-Adsorbent, Ca (OH) 2: silica gel G (6:1), Solvent system, petroleum ether: benzene (98:2 v/v)  

    2- Adsorbent, Activated silica gel G, Solvent system, benzene: ethyl acetate: methanol (75:20:5 v/v/v)       

† As reported by Boliger (1962), Yokoyama and White (1967) and Davies et al. (1970a) 

 TPW: tomato processing waste, MP: mango peels, CG: corn gluten, DW: agri.- dill wastes. 

 

Quantitative determination of carotenoid fractions 

After separation of the TPW, MP, CG and DW carotenoids into fractions using 

TLC, each fraction was quantitatively determined using spectrophotometer at the specified 

maximum wavelength for each fraction and the obtained results are summarized in Table 

3. As a general observation, lycopene, zeaxanthine and lutein were the main carotenoids 

fractions followed by ß carotene in TPW, CG and DW, respectively. On the other hand ß 

carotene was the major carotenoids fraction in MP followed by capsorubin and lutein. In 

case of TPW, extraction with acetone: hexane (2:3, V/V) resulted in the highest lycopene 

yield followed by tween 80. No significant differences (at the 5% level) could be observed 

between extraction yields of lutein, violaxanthin, antherxanthin and echineone when 

extracted by the three tested methods. In MP,   ß carotene represented about 46-48% of the 

total carotenoids and the extraction with acetone: hexane (2:3, V/V) was the method of 

choice. Capsorubin and lutein followed ß carotene in their contents and the extraction with 

acetone: hexane (2:3, V/V) significantly (at the 5% level) was the best method for their 

extraction. However, tween 80 method showed no significant differences (at the 5% level) 

in capsorubin extraction when compared to acetone: hexane (2:3, V/V). In CG, tween 80 

significantly improved the yield of zeaxanthine and capsorubin when compared to the 

other extraction methods. On the other hand, acetone: hexane (2:3, V/V) and tween 80 

exhibited similar effect on the extraction of both violaxanthin and lutein. DW was 

characterized by the presence of high amount of lutein followed by ß carotene. The 
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extraction with acetone: hexane (2:3, V/V) generally could be considered the best method 

maximizing the extraction of the different carotenoids fractions. The same results were 

previously reported by Heinonen et al. (1989). 

 

Table 3. Carotenoids fractions of the tested wastes as affected by the three chosen extraction methods. 

*methods Pigments 
Carotenoid concentration (mg/100g. dry wt.) ±SD 

TPW MP CG DW 

1 

Lycopene **50.1
a
 ±2.2     ……. ….. ...... 

Β-carotene     10.1
b
d±1.2 49.6

a
a ± 2.0 23.8

b
c ± 1.4 34.4

b
b±1.7 

Capsorubin      6.2
d

c ±0.9 13.3
c
a ± 1.1 12.7

 c
a ± 1.1   9.2

e 
b±0.8 

Violaxanthine      4.2
e
d ±0.6   8.7

e
c ± 0.8 24.1

b
a ± 1.4  14.1

d
b ±1.0 

Antherxanthine      4.6
e
c ±0.5   9.4

d
b± 0.9  9.8

d
b ± 1.0 13.6

d
 a±1.1 

Zeaxanthine      ……….. …….. 80.7
a
 a± 3.0 30.2

c
 b ±2.0 

Lutein     7.6
c
d ±0.9 14.7

b
c ± 1.2 24.3

b
b ± 1.6 78.1

a
 a±3.2 

Canxanthine     ……….       7.8
e
b ± 1.0 12.9

c
a ± 1.2 12.2

d
a ±1.1 

Echineone     5.9
d
±0.7 …….. …….. ….. 

   

2 

Lycopene 27.9
a
c±1.4 ….. ….. …. 

Β-carotene 8.6
b

d±1.0 27.5
a
a ± 1.3 18.7

 c
c ±1.4 25.1

b
b± 1.3  

Capsorubin 5.6
c
b ±0.8 11.1

b
a± 1.1 11.4

d
a ±1.0   6.1

f
b±  0.7 

Violaxanthine 4.0
d

d±0.6   7.6
d
 c± 1.1 18.9

c
a ±1.3  11.7

d
b ± 1.0  

Antherxanthine 4.2
d

 c±0.5  8.1
 c

b ±1.0      9.6
e
a ±1.0        7.8

e
b ± 1.0 

Zeaxanthine …….. ……. 52.3
a
a±2.5 21.1

c
b ± 1.6 

Lutein 6.6
c
d±0.7 11.8

b
 c± 1.3 20.2

b
b ±1.6 50.3

a
a ± 2.7 

Canxanthine ......  6.4
e
c ± 0.8 11.7

d
a ±1.4 10.6

de
b±1.1 

Echineone 5.4
c
a±0.8 ....... …… ….. 

      

3 

Lycopene 42.2
a
±1.9 …… …. …. 

Β-carotene 9.7
b

d±1.1  45.7
a
a±2.0 24.5

 c
c±1.6 30.2

b
b±1.6 

Capsorubin  6.1
d

c±0.8 13.6
b
a±1.2 13.6

d 
a±0.9      7.6

e
b±0.9    

Violaxanthine  4.4
e
d±0.5     8.1

c
c±1.0    24.9

c
a±1.5 12.4

c
b±1.0 

Antherxanthine  4.4
e
c±0.6  8.9

c
b±1.1 11.1

e 
a±0.9  9.4

d
b±0.9 

Zeaxanthine ……… …… 93.6
a
a±3.6 27.1

b
 b±1.6 

Lutein  7.5
c
d±1.0 13.9

b
c ±1.0 27.3

b
b±1.7 56.3

a 
a±2.6 

Canxanthine .......   8.1
c
c ±1.1 13.6

d
a ±1.1 11.9

c
b ±1.0 

Echineone  5.6
d
±0.6 …… ….. …… 

* Extraction method, 1 = acetone: hexane (2:3, V/V), 2 = enzymes, 3 = Tween 80 (0.1%) 

 TPW: tomato processing waste, MP: mango peels, CG: corn gluten, DW: agri.- dill wastes. 

**Mean values within each method followed by different superscripts (within columns) and different 

subscripts (within raws) are significantly different at the 5% level. 

The stability of carotenoids in spaghetti dried by different methods 
Color is a major quality factor of processed spaghetti. The high yellow pigment 

content is one of the most desirable quality attributes in the production of pasta (Haber et 
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al., 1978; Shams El-Din et al., 1997). Therefore, color of spaghetti was assumed to be 

directly affected by the presence of carotenoids. The effect of drying on percent retention 

of carotenoids in spaghetti using either air dryer at 40°C for 14 hr or microwave oven are 

given in Table 4. 

Data (Table 4) generally revealed that spaghetti drying resulted in partial loss in 

carotenoids content, where the loss ranged between 17.9 to 29.9% and 43.2 to 50.9% for 

samples dried by hot air oven and by microwave oven, respectively. Also, it was clearly 

noticed that the loss obtained due to cooking was significantly (at the 5% level) lower than 

that resulted from drying in all tested samples. Different levels of supplementation with 

carotenoids showed no effect on carotenoids loss in both tested drying methods. Obtained 

results also indicated that the highest loss in carotenoids content was 29.9% for TPW and 

50.9% for TPW in samples dried by hot air oven and microwave, respectively. Similar 

results were found by Pereira et al. (1999) who studied the effective levels of β carotene 

for fortification of soft wheat pasta brands in Brazil and reported a total carotenoids range 

of 0.9 to 5.9 μg/g with no apparent loss due to cooking. 

 

Table 4. The effect of drying and cooking on carotenoids stability of spaghetti. 

**Carotenoids 

sources 

% addition of 

carotenoids 

*Total carotenoids (mg. 100g
-1

 dry wt.) ±SD 

     air dryer (40°C / 14 hr)         Microwave 

    Dry   Cooked Dry   Cooked 
      

TPW 
0.5 353.0

f
±  8.6 307.2

e
± 7.2 240.5

e
±3.8 202.6

e
±3.0 

1.0 700.6
c
±12.4 610.6

c
±10.3 510.2

b
±6.7 432.4

b
±4.8 

          

MP 
0.5 382.5

e
±  8.3 350.8

d
± 8.0 284.0

d
±4.6 257.6

c
±4.0 

1.0 760.5
b
±12.8 700.2

b
±13.1 560.3

a
±6.9 512.7

a
±5.5 

          

CG 
0.5 407.5

d 
±  8.9 365.1

d
± 8.8 282.5

d
±4.0 251.4

c
±3.7 

1.0 820.8
a 
±12.9 740.8

a
±12.9 570.2

a
±6.9 504.6

a
±5.6 

          

DW 
0.5 397.5

de
±  7.3 354.6

d  
± 8.2 248.5

e
±4.0 216.2

d
±3.2 

1.0 800.0
a 
 ±12.0 720.0

ab
±13.4 490.6

c
±6.6 428.3

b
±3.1 

*Means followed by different superscripts (within columns) are significantly different at the 5%  level. 

**TPW: tomato processing waste, MP: mango peels, CG: corn gluten, DW: agri.- dill wastes. 

 

Sensory evaluation of spaghetti 
Spaghetti supplemented with carotenoids extracted from TPW, MP, CG and DW 

were organoleptically evaluated and the results are recorded in Table 5. Generally, the 

addition of different sources of carotenoids at two tested levels (0.5 and 1.0%) didn’t affect 

the appearance and flavor of spaghetti. On the other hand, such addition significantly (at 

the 5% level) improved color and as a result, the overall acceptability was also improved. 

In case of MP, CG, and DW, the addition of 1% carotenoids showed high color and overall 

acceptability scores (with no significant difference between them) than those obtained with 

0.5%. While, the concentration of 0.5% of TPW carotenoinds was the concentration of 
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choice by the panelists. This could be attributed to the increase in the, unpreferred, red 

color of lycopene present in TPW at the concentration of 1%. 

 

Table 5. Sensory characteristics of spaghetti supplemented with carotenoid extracted from 

different wastes. 

Mean ± SD** 
%Carotenoids 

added 

*Carotenoids 

sources Overall 

acceptability 

Flavor Appearance  Color 

5.8
d
± 1.4

 
7.2

a
± 0.6

 
7.5

a
± 0.7

 
5.6

e 
±0.6

 
Non Control 

8.4
 a
±0.8

 

6.3
c
± 0.6

 
7.6

a
± 0.8

 

7.8
 a
± 1.1

 
7.9

a 
±0.8

 

7.7
a
± 0.8

 
8.5

a 
± 0.9 

6.7
d 

± 0.9
 

0.5 

1.0 
TPW 

7.2
b
± 1.1

 

8.6
a
± 0.9

 
7.5

a
± 1.3

 

7.7
 a
± 0.9

 
7.5

a
± 0.5

 

7.8
a
± 0.5

 
7.4

b 
±0.8 

8.9
a 
± 0.7

 
0.5 

1.0 
MP 

7.4
b
± 0.6

 

8.7
a
± 0.9

 
7.4

a
± 1.3

 

7.5
a
±1.2

 
7.8

a
± 0.8

 

7.9
a
± 0.7

 
7.0

d
 ±0.8 

8.7
a 
± 0.9

 
0.5 

1.0 
CG 

6.7
c
± 1.1

 

8.5
a
± 0.8

 
7.2

a
± 0.9

 

7.6
a
± 0.8

 
7.5

a
± 0.6

 

7.9
a
± 0.8

 
7.2

c 
± 0.9 

8.7
a 
± 0.8

 
0.5 

1.0 
DW 

*TPW= tomato processing wastes, MP= mango peels, CG= corn gluten and DW= dill wastes  

**Means followed by different superscripts (within columns) are significantly different at the 5% level. 

 

 

CONCLUSIONS 

It could be concluded that natural carotenoids could be extracted from some food 

processing wastes such as tomato processing wastes, mango peels, corn gluten and 

agriculture dill wastes. These wastes were found to contain lycopene, beta-carotene, 

zeaxanthine and lutein as the major carotenoids fractions, respectively. In addition, the 

utilization of these food processing wastes in the production of carotenoids or fortification 

of some food processing such as pasta could greatly reduce the contamination problems 

and improves the economics. In addition, the supplementation of spaghetti with TPW, MP, 

CG and DW improved the sensory quality characteristics. 
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الكاروتينيدات: استخالصها وتفريدها والتعرف عميها من بعض مخمفات األغذية 
 واستخدامها كممون طبيعي في اإلسباجتي

 
 2، نجالء شديد2، محمد حامد شمس الدين1، وائل أحمد بازرعه1صبحى محمد محسن

 ية الزراعة، جامعة القاهرة، الجيزة، مصرقسم عموم األغذية، كم1
 قسم عموم األغذية، المركز القومي لمبحوث، الدقي، القاهرة، مصر2

 
تم استخالص الكاروتينيددا  مدم مخمتدا  تصدنيط الممدامم وقلدور المدانجو وجمدوتيم الدذرة والمخمتدا  الحقميدة  الممخص:

كروماتوجرافيدددا المبقدددة الرقيقدددةس خمددديم األسددديتوم   هكسدددام  لمبقددددونس بعددددة مدددري وتدددم تتريددددها والتعدددر  عمي دددا باسدددتخدام
، ح/ح( كام األكثر كتاءة فى إستخالص الكاروتينيددا  مدم مخمتدا  تصدنيط الممدامم وقلدور المدانجو والمخمتدا  2 3)

٪( هدو األفلدا فدى حالدة جمدوتيم الدذرةس مثيدا الميكدوبيم والبيتدا كداروتيم 59الحقمية لمبقدونس، بينما كدام كحدوا اثيثيدا )
صددنيط الممددامم وقلددور المددانجو عمددى التددواليس الزيددازانثيم مثيددا أعمددى نسددبة مددم الكاروتينيدددا  الموجددودة فددى مخمتددا  ت

النسبة األعمى مم الكاروتينيدا  فدى جمدوتيم الدذرة بينمدا كدام المدوتيم هدو األعمدى فدى المخمتدا  الحقميدة لمبقددونسس تمد  
يم المكرونددة أيلددا دراسددة الخصددايص الميتيددة لمصددب ا  النقيددة المعزولددةس تددم اسددتخدام مسددتخمص الكاروتينيدددا  فددى تمددو 

اثسددددباجتى والتددددي تددددم تجتيت ددددا بددددوفرام ال ددددواء السدددداخم والميكروويدددد س تسددددب  التجتيدددد  فددددى فقددددد فددددى المحتددددو  الكمددددي 
٪( تحسدددناع معنويددداع فدددي المدددوم ودرجدددة القبدددوا الكمدددي 1و  9س5لمكاروتينيددددا  وأ  دددر التددددعيم بمسدددتخمص الكاروتينيددددا  )

  سلممكرونة بدوم أ  ت يير فى الم  ر أو النك ة

 


