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Abstract
Carotenoids are known as provitamin A, while thisran increasing interest in their role as an amt@tants. Anti-cancer activity and
other health benefits provided jfycarotene include the protection against cardiowdac disease and cataract prevention, Carrots
are one of the best sourcesfetarotene. In this paper we have studied the imiteeof particle size, temperature, solvents, sl
solvent ratio and extraction time on the extractigield of g-carotene, and verification of different models amade kinetics to
establish the extraction mechanism.

Ethanol, pet ether, ethyl acetate & n-hexane areduss solvent and carrot of cubes of equivalenimeizr of 1.07740.134 cm,
0.801#0.1078 cm & 0.508+0456cm are used for sdiveios from 1:5 to 1:60. Temperature was variedni 30 to 56C.
Experimental results better fitted in power law mlothan Peleg model also it obey Pseudo secondr didetic & Intraparticle
diffusion model. Extent of color extraction is d&tished by Hunter Lab colorimeter.

I ndex terms- carrot, carotene, solvent extraction, kinetic study, matiady
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carbon dioxide as extraction solvent for carotesoftbm
carrots [5, 10, 11]. Ethanol has a relatively lawieonmental
impact and has a positive net energy balance (NEB) 13]
and is a generally recognized as safe (GRAS) sblven
Nevertheless, the sustainability of ethanol depend®rly on
the source from which it was produced. Most of tremtoxic
and expensive [14]. So another purpose of thisystuals to
find the appropriate conditions for the extractafr-carotene
from carrot. The main goals were to study the igfice of
temperature, samples treatment, and solvents oaxthaction
yield of B-carotene, and to utilize the knowledge for the
establishment of the technology for obtaining bgodally
active concentrates of carotenoids made from ttte matural
source-carrot, as well as determination of differkmetic
parameters to justify the extraction mechanism.

1. INTRODUCTION

Nutraceuticals and functional food ingredients knewn to
improve health [1, 2]. Carotenoids are well knovem their
antioxidant activity and therefore have a neurcgmtite
effect. They are known to have effect against singkygen,
inhibit LDL cholesterol oxidation, control the ris a range
of different cancers and improve cognitive develeptn[1].
Carrot is one rich source of carotenoids; the regbralues
are in the range of 16—38 mg/100 g [3, 4, 5].

Fresh carrots sold in the market are subjectedritct snarket
polices ,i.e., carrots should meet set standardsizgf and
shape, and as a result of this, some25% of thetsgsroduced
never make it to the market. The uncontrollableuretof
carrot production results in a quarter of the hsrvi® be
regarded as by-product [6]. 2. MATERIALSAND METHODS
21 Material

Raw Material Preparation

The aim of this study was to make beneficial phaentical
use of carrot by-product by extracting high-valwadotenoids
from them. Established methods for the extractioh o
carotenoids require the use of different organitvesds in

) el The carrot sample was collected from local markd€akata
which carrotinoids are soluble [7, 8, 9].

and was used for laboratory experiments. These washed
with distilled water to removed sands and dustigleg from

Liquid-liquid extraction of carotenoids using orgasolvents outer surface. Then adherent water was removedybylath.

has been reviewed by Quiros & Costa, 2006 [10].s€&he
organic solvents are regarded as costly, envirotetign
hazardous, and require expensive disposal procedilirere
are however several studies pointing at the usipércritical

After peeling the carrot samples were cut into $rpaces
with the help of a sharp knife into cubical shapeish
equivalent diameter of 1.077+0.134 cm, 0.801+0.16@B&
0.508+.0456cm. These slices were used for carotene
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extraction under different environmental conditiokietics
study and physicochemical parameters of raw matexieept
bulk density in which case raw carrots were uséxrk Jolvents
used in these study, were obtained from the Mandial Ltd.

2.2 Methods
2.2.1 Determination of Physical Parameters of Carrot
Sample

The moisture content of carrot was determined
gravimetrically, at 10% for 4.5 hr upto constant weight and
Bulk density was measured by sand displacementadelrhe
color quality of carrot, before and after extractiovas
determined by Hunter Lab colorimeter. (Color fleéx/@ spec
photometer).The color of carrot was assessed using
colorimeter with a CIE standard illuminant C to etetine
CIE color space co-ordinates, L*a*b* values. Ligide value
L* indicates how dark /light the sample is (varyifrgm O-
black to 100-white), a* is a measure of greennedskss,
(varying from -60 to +60) and b* is the grade ofidatess /
yellowness (also varying from -60 to +60). The pota-
ordinate chroma or saturation, c* is an indicatdmow dull /
vivid the product is (ranging from 0-60), which cdme
calculated from the L*a* and b* cartesian co-ordaay the
expression

C*=(@+b*)*°. . (1)
The total color difference (TCD) oAE [15] was the
parameter considered for the overall color diffeeen
evaluation between raw carrot and carrot after esulv
extraction.

TCD = (AL? +A&® +AbA)*°.. e (2)

The colorimeter was calibrated against standard tewhi
reference tiles. Samples were placed in a glags diteh and
color measurements were done in triplicate. Changete
individual color parameters of carrot before anderaf
extraction were calculated as

AL= (L-Lo); Aa= (a-@); Ab= (b-h)

Where, +a is redness, -a is greenness, +b is yedssy and -b
is blueness (Minolta, 1999).(la and R are the color values
for fresh carrots, while L, a and b are the cola@lues in carrot
after extraction.

2.2.2 Extraction Conditions.

The extraction yield of carotenes was observedifferent
temperatures (30°C, 40°C, and 50°C) using ethan@l ,
propanol, pet ether and n-hexane. Initially, 18 ghcarrot
slices were added to different solvents at differenlid to
liquid ratio, (1:5), (1:10), (1:15), (1:20), (1:30(1:40),(1:50)

and(1:60). Carrot slices were extracted in watgh {30°C,
40°C, 50°C), shaking every 10 min, and 5 ml sampées
taken after a certain time interval for carotenecamtration
measurement by spectrophotometer.

2.2.3 Assay Method of Carotenes.

The pB-carotene content in the organic solvents afteraekibn
was determined spectrophotometrically at the wangtte of
450 nm .The concentration of carotenes expresse@- as
carotene content (g/100 ml) was calculated usiegéisponse
factors as follows [9]:

B-carotene = (A x d x V) / ( 1crX W)... ....... (3)

Where:

A — Absorbency

d — Dilution.

E™ . Coefficient of absorbency of organic solvent
w — Weight of sample (g)

V = Volume (ml)

2.25 Kinetic M odels Study

Power law model is used for the diffusion of anectgent
through non-swelling devices and is described hagqgn:

g=B.f

Where B is a constant incorporating the charatiesiof the
carrier—active agent system and n is the diffus&ponent.
For the extraction from vegetable material, thefudibn
exponent is less than 1 (nq1p].

The hyperbolic model is known also as Peleg moti@é§8
[17] was proposed for the description of moistucgpson
curves. The mathematical expression of this madghien by
equation:

q:Klt / (1+ Kzt)

Where K and K are parameters of the hyperbolic model The
equation 5 was used to model the experimental alat@ined
for resinoid extraction from aerial parts of Sthdswort and
for total polyphenols extraction from soybeans [19],

Weibull's equation can be also applied for plantraostion in
the following form:

q = 1-exp(-(

Where 6 is the scale parameter, which is related to the
reciprocal of the extraction rate constant and rthés shape
parameter. If m<1, as in the case of extractios, dbrve is
parabolic with a high initial slope followed by amponential
shape [16].
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The pseudo second-order equation is also basedhen t
desorption capacity of the solid phase [20]. Thegrated
form of the equation is

1/(qe-qt) = 1/ge+ k2t

Here, k is the second-order rate constant. The linear fofrm
the Equation is

t/gt=1/h+@Q/qge} ......... @)

Where h = k2.ge2 can be regarded as the initigtieor rate.
If the pseudo second-order kinetics is applicattie, plot of
t/gt versus t gives a linear relationship, whichHowb
computation of ge,kvalues.

The Intraparticle diffusion model was consideredoider to
determine the participation of this process indbsorption of
carotene from carrot. According to this model, thlet of
desorped amount (qt), versus the square root of ffir)
should be linear if intraparticle diffusion is irnved in the
overall desorption mechanism. Further-more, if thise
passes through the origin then the intra partidfesion is the
rate-controlling step of the process. The initiater of intra
particle diffusion, K, can be calculated in the following way
(Slovak Technical standard 1986) [21].

=K t*®

Where qt is the amount of carotene on the surfateeocarrot
at time t (mggd), K¢ is the intra-particle rate constant
(mg(gmin0.5)") and t is the time (min).

3. RESULTSAND DISCUSSIONS
3.1 Effect of Particle Size and Solvent

Four different solvents were used to evaluate tagiraction
efficiency. All these solvents were used for thiifferent
particle sizes of equivalent diameter 1.077+0.13¢h, C
0.801+0.1078 cm & 0.508+.0456cm. The-carotene
extraction capacity of n-hexane, ethyl acetate peioleum
ether and ethanol is presented in Table: 1.

Where we can see that the highest extraction ysetbtained
when ethanol is used as solvent and when particke is
0.508+0.0456cm. So, farther experiments were ahrdat
using particle size with equivalent diameter 0.508#56cm
and ethanol as solvent.

Extraction of beta-carotene is a mass transfer @henon
from carrot to organic solvent. Mass transfer @atd amount
of extraction depends on the surface area. Paticlesame
mass with smaller particle size have higher surfaea. So,
carrot pieces with smaller equivalent diameter amere
efficient for beta-carotene extraction.

In general, carotenoids are hydrophobic moleculas$ thus
are soluble only in organic solvents, having oniyited

solubility in water. Presence of hydroxyl groupstia end
groups causes the carotenoid to become more dfacting

its solubility in various organic solvents. Raw rcdércontains
about 87% moisture. N-hexane is most non polar gnfouar

solvents used in this experiment. Due to antagonisiture
with water it is not properly distributed into tlearrot cubes.
So extraction efficiency of n-hexane is minimum. e other
hand ethanol is polar and it is properly distrilsuteside the
carrot cubes. Beta carotene thus extracted morethianol
form the inner matrix of carrot.

Carotenoids are soluble in polar solvents, inclgdidible fats
and oils. Because carotenoids are liposoluble, #reyusually
extracted from the plant sources with organic sulvg22].
The samples can contain large amounts of watergrwat
miscible organic solvents such as ethanol arewalsd. One of
the problems is the elimination of the residualvents to
obtain a safe extract; this can be avoided by ufing grade
solvents such as ethanol. Caleb al, 2007 found that the
yield of each ¢ & B) carotene from peel powder of tomatoes
was noticeably higher with extraction performedhnéthanol
than with that using ethyl acetate [23].

3.2 Effect of Solid / Solvent Ratio

For this experiment solid-solvent ratio was varfesm 1:5 to
1:60 at 38C. Figure 1 shows that, the amountfe¢arotene
extracted increases with solid to solvent ratiotaid:40 and
then it varies little. So, next experiments wereried out
using solid-solvent ratio of 1:40.Extraction ratelaamount of
extraction depend on concentration gradient betwesmot
particles and organic solvents. Concentration gradi of
carotene increased with increase in solid-solvetio rand
hence extraction amount increased up to 1:40.

18 1

——15
—&—1:10

1:15

1:20
—*—1:30
——1:40
—+—150
——0.083333333|

q(mg/100gm)

-100 0 100 200 300 400
t(min)

carotene content at different (solid:solvent)

Fig- 1: Amount of beta-carotene extracted from carrot in
ethanol at different solid/liquid ratios (30°C)

Volume: 02 Issue: 09 | Sep-2013, Available @ http://www.ijret.org 345




IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

From figure: 1 we can conclude that when the swlidolvent
ratio is increased, the amount of carotene extiactereases
also& the highest extraction yield is obtained wisefid and
solvent ratio is (1:40).

3.3 Effect of Temperature

The effect of temperature on tHecarotene extraction is
presented in figure: 2B-carotene extraction was increased
from 3°C to 40C and then it decreased aPB0At 40°C, the
yield of B-carotene was 16.625 mg/100 g.

18
16
14
T 12
2 10 -
o
= 8 ——3
j=2}
E 5]
o 4 4
2 N
0

0 100 200 300 400

carotene cofleht at 300C,400C&500C

Fig-2: Amount of beta-carotene extracted from carrot in
ethanol at 3%, 40°C, and 56C (solid/liquid ratio: 1/40)

At 40°C, the extraction yield of carotenes was fbun be
high after 10 min of extraction, which can be ekpd by a
good release of carotenes from the disturbed textdrthe
carrot at 40°C.At 40°C, the extraction maximum viasnd
after the fourth hour of extraction. After this #nthe
extraction yield off-carotene decreased. The extraction was
almost the same as the result of the degradatidniass of
carotenes. Naturally3-carotene exists in the dHans form.
After processing, some part of alansform is converted into
its differentcis-isomers [24]. Calvet al. (2007) state, that in
the extractions performed with ethanol at 50°C, yhedd of
lycopene and its isomers was lower than 50°C, twatld
indicate an extensive isomerisation at the highptmeture
with ethanol, but the oxidative degradation beinge t
predominant reaction [23].

Optimal time for the best extraction of carotenesnss to be 4
to 5 h, depending on the treatment of the sampldoveer
temperatures (40°C) and with fresh samples, a lotigee
(minimum 5 h) is needed for the extraction Cattal. (2007)
[23]. Rafajlovskaet al (2007) showed that the increase of
temperature positively influences the mass trangfecesses
[25]. The increased color yields also result fréma thanges in
the cellular structure of the biological matrix. Gme other
hand, the increase of the extraction temperaturg caase
raw material browning. Due to this circumstancés itequired
to establish the optimal extraction temperature.

The processing of foods involves changes in thecsiral
integrity of the matrix which produces both negatiloss of
carotenoids due to oxidation) and positive (inoedas
bioavailability) effects [26]. Light, heat etc. pnote
isomerisation of carotenoids. Oxidative degradatidhe
principal cause of extensive losses of carotena@idpends on
the availability of oxygen and is stimulated bytéas such as
light.

3.4 Kinetic Models Study

The calculated parameters for the empirical modéh two
exponential equations are presented in table: 2cohelation
coefficient is high in all experiments (0.91-0.9%¢ept Peleg
model) vyield for B-carotene extraction versus calculated
extraction yield using the Power law, Pseudo seavddr and
Intraparticle diffusion model at different extramti
temperatures. It can be observed that a good agreeexit
between experimental and calculated data.

The calculated parameters for the power law maetpl 4) are
presented in table: 2. The correlation coefficisrdlso high in
all the experiments (0.97-0.99), which implies ttras model
also fit also well with the experimental data. Tiigure: 3
corroborate also this conclusion. The calculatedmpaters for
the Peleg model (eq. 5) are presented in tabl@2the Peleg
model, the correlation coefficient is not high inl a
experiments (0.668-896) which that there is not dgoo
agreement between experimental and calculated ddte.
calculated parameters for the Weibull's equatiog. @ are
presented in table: 2. For the Weibull's equatidhe
correlation coefficient is not so high in all exjpeents (0.91-
0.95).

y =0.9828x
18 1 R? = 0.9608

16 +
14 +
12 +

10 4

o
@ Pow er law model

g-calculated value

o 5 10 15 20

g-experimental value

Fig- 3: Correlation between experimental values of exiwact
yield for beta-carotene extraction versus calcdl@etraction
yield using power low model at 20 .
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Table- 1 The amount of-carotene extracted from carrot in
different solvents (temperature:°80 solid/liquid ratio: 1/5
ussion mode y = 0.998x and extraction time: 5 hrs)
18 1 R2 = 0.920
16 1 Oeq Values of particle with equivalent diameter (cm)
14 - (mg/100g)
42 -
] Solvent | 1.077+0.134 0.801+0.1078 0.508+.045
<40
Q
S8 Ethanol 1.229 2.256 2.473
8
&4 | Pet ether 0.522 0.854 1.192
2 n-hexane 0.279 0.958 1.148
0
0 5 10 15 20 Ethyl 0.886 1.129 1.153
g-experimental value acetate

Fig- 4. Correlation between experimental values of exiwact
yield for 3- carotene extraction versus calculaetaction
yield using intra particle diffusion model at’a@

Table- 2 Different model equation, model parameter foradiht empirical model at 3@, 4°C and 56C

Power law model
Temgerature Model equation Model parameter R2
4®) B(min™) n
30 q=3.025t** 3.025 0.214 0.97
40 q=4.982t™ 4.982 0.194 0.98
50 q=1.944t** 1.944 0.289 0.99
Peleg model
TemperaturéC) Model equation Model parameter R2
K1(min™) K2(min™)
30 g=(1.64t)/(1+0.197t) 1.64 0.197 0.668
40 g=(2.597t)/(1+0.21t) 2.597 0.21 0.756
50 g=(0.82t)/(1+0.102t) 0.82 0.102 0.896
Weinbull's model
TemperaturéC) Model parameter R2
m 3[min™]
30 0.436 38.27 0.91
40 0.35 41.93 0.95
50 0.521 50.70 0.94
Intraparticle diffusion model
TemperaturéC) Model equation Model parameter
Kd(mg(gmin0.5)%)
30 qt=2.09t* 2.099
40 qt=3.09t* 3.09
50 qt=1.31%° 1.31
Psuedo second order model
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TemperaturéC) Model equation ge K2 R2
30 1/(10.64-qt)=0.094+(4.29x11) 10.64 4.29x10 0.99
40 1/(15.38-qt)=0.065+(3.49x11) 15.38 3.49x18 0.99
50 1/(9.8-qt)=0.102+(4.24xTf) 9.8 4.24x10 0.99

Table- 3: The color difference between original sample adge extracted at 30.40C&50°C

Raw/Extracted L a b AE (]
Original 55.18 23.9 23.04 33.44
30°C 34.08 9.91 12.49 +24.34 15.94
40°C 47.49 6.4 10.5 +28.58 12.30
50°C 50.12 10.91 14.49 +22.04 18.14

psuedo second order model

20 -
18 - .
16 -
14 - y = 1.025x
12 - R2 =0.991

g-calculated value
[
ON PO OO
1

0 5 10 15 20

g-experimental value

Fig- 5 Correlation between experimental values versus
calculated values of pseudo second order modé0°ax
(solid/liquid ratio: 1/40)

Figure: 3-5 shows the correlation between experiaiemlues

of extraction yield off-carotene versus calculated extraction
yield of different models.A good agreement between
experimental and calculated data can be observéd T
calculated parameters for the Intra particle diffosand
Pseudo second order are presented in table: 2.

3.5Hunter Lab Colorimeter Studies

The colour was measured by Hunter Lab colorimetére
colour difference AE) between raw carrot and carrot after
solvent extraction indicates the extent d¥carotene
extraction. Table 3 indicates that thE value is maximum at
40°C and lowest extraction occurred &80

CONCLUSIONS

An experimental study oB-carotene batch extraction from
carrot under different experimental conditions wasformed.
The influence of different extraction conditions svalso
studied. The best solvent fop-carotene extraction was
ethanol. The extraction yield increases with theéase of the
solvent/solid ratio and with temperature. The empirmodels
tested showed a good agreement between experirmemdal
calculated data, for all the models with high linearrelation
coefficient (R > 0.91) except Peleg.

We can conclude that the temperature, increaseid 4p°C,

positively influences the extraction yield of camoes from
carrot, however, for the technology of carrot pssieg we
recommend to use lower temperatures of approximae-

40°C. Ethanol is a more suitable solvent in ternfisthe

carotenes yield as compared to other solvents.dBseribed
model technology for obtaining carotenoids can hmlifred

(temperature of extraction, more-stages extracti®®sides
carotenoids concentrate, another interesting byymbgained
is dietary fiber, with excellent water binding cajpg, which

can be therefore used for functional foods producfas bread
or pastry supplement).

ABBREVIATIONS

B - Parameter of power low model [riijn

K1 - parameter of the hyperbolic model; extractiate at the
very beginning [mi];

K2 - parameter of the hyperbolic model; constalatesl to
the maximum extraction yield [mif;

n - Diffusional exponent of the power law model,

m - Shape parameter of the Weinbull’s equation

g - Extraction yield (qt/ ge)

t - Time [min]

gt- Amount of extracted carotene at any time.
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ge- Amount of carotene when equilibrium reached.
5- Scale parameter of the Weinbull’'s equation [fin
R2 -Coefficient of determination

geqg- Equivalent diameter of carrot cubes.

Kq -The intra-particle rate constant (mg(ghmn?
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