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ABSTRACT

Saffron, known as expensive spice on the world and distinguished by its
delicate flavor and attractive yellow color, isbasically cultivated in Iran,
Spain, and India. Besides to its use as spice, saffron is also esteemed as
medical plant and since short time, has been investigated as a new safe
source of natural antioxidantsfor thefood industry. Saffron stigmaincludes
crocin, picrocrocin, safranal. The objective of this study was to find a
suitabl e solvent with optimized extraction temperature and timeto produce
saffron extract with improved quality factors. For thispurpose, the active
compounds of saffron were extracted using different solvent (water,
aqueous ethanoland aqueous methanol) and different solvent
concentration (30%, 50% and 80%) in different times (1, 5and 72 h). The
effect of time and solvent concentration on the extraction yield of three
major constituents of saffron was investigated at 25°C, 40°C and 60°C.
Results showed that the optimal parametersto extract the target compounds
from saffron were as follows: extraction solvent: 50% aqueous ethanol;
extraction condition5hat 25 °C. The crocin, picrocrocin and safranal content
of the extract produced were respectively 423.9, 49.51 and 133.1 compared
t0229.7,27.92 and 75.17 for the control.
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INTRODUCTION

Nowadaysthereisawiderange of materialsin
theword, which are used for different purposeinfood
processing. So because of this reason the place of
worldwide usage of natural, healthy productsiscon-
siderablethese days. Saffron isone of the most im-
portant export products and playsasignificant rolein
income and employment of saffron producers. Itisa
major product in Khorasan, Fars and Kerman prov-

incesin Irani*2, Iran, Greece, India, Morocco, Kash-
mir, Spain and Italy areamong main countriesdealing
with Saffron production. Thechemistry of saffron has
been investigated in detail®. The major pigment, a
water-soluble carotenoid giving saffronitsvalueasa
dye, iscrocin, aydlow-red pigment found at level s of
up to 2%. Picrocrocin (<4%) isabitter-tasting prin-
ciplethat hydrolysesto glucose and safranal (<4%),
ondrying.

Stigmawhichisthe basic part of commercial saf-
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fron has special color, odor andflavor. Crocin (C,,
H,, O,,) isthemostinfluential chemical inthecolor-
ing power of saffron. Itisararecarotenoid foundin
nature which can easily dissolvein water. In com-
parison to other carotenoids, crocin hasawider ap-
plication asacolorant in food and medicine, mainly
because of itshigh solubility (Figure 1)i241,
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A glucoseknown aspicrocrocin(C  H,, O,) isthe
major factor for thebitter taste of saffron. Thishitter sub-
stance can undergo crystalization, through acid hydroly-
s's, producing safrana (aglucoseand ddehyde) (Figure
2)237, Safrand isthe compound mainly responsiblefor
thearomaof saffron spiceand can be used asameasure
of seffronquality (Figure 3).

H

Figurel: Crocin structure

H

Figure?2: Picrocrocin structure

Saffronextractisaliquidextract of saffronwhichis
treated to enhance the natural coloring and flavoring
agents, without losing any of itsnatural properties. In
production of saffron extract, water or amixtureof water
and another solvent is used to extract the color and
flavor of saffron. Thisproduct isready to use, and can
bedirectly incorporated intoany food system(®19,

Therearemany extraction techniques, suchasmac-
eration, digestion, infusion, decoction, percol ation, hot
continuous extraction, counter-current extraction,
supercritical fluid extraction, microwave-assisted ex-
traction, phytonic processes, or ultrasound-assisted
extraction. Themandifferencesamong thesetechniques
arerelated to the design of thereactors, the solvents

Hs
Figure3: Safranal structure

used, thetimeand temperature of the processesor the
use of new technologies (microwave, ultrasound,
supercritical fluids, and enzymes)*112, Among the
menti oned techniques, solvent extraction using cheap
solventsisthe most economical one. Asno research
had been done on saffron extract production, thisstudy
conducted to produce an edible saffron extract using 3
polar solventsand to comparethe quality parameters
of extractsin order to establish an economical extrac-
tionmethod inwhichtheratio of solvents timeand tem-
perature of maceration are optimized.

MATERIALAND METHODS

Plant material
The whole plants of Crocus sativus were col-
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lected from Bahraman saffron company in Khorasan
provinceinlran. Sampleswere dried in environmen-
tal temperature then pulverized into powder by adis-
integrator and sieved with stainless steel sievesto
classfy the particle size. The powdered sampleswere
kept in adry and dark place until use.

Reagents

Solventsused in the extraction, such asmethanal,
ethanol, and were of analytical food grade and pur-
chased from Merck (Germany) and SiminTak factory
(Iran).

Saffron extr actions

Dried and pulverized stigmas of C. sativusL,
(10qg) were extracted with three different solvent
(agueous ethanol (50% v/v),aqueous methanol (50%
v/v), and distillated water)and three different distilled
agueous ethanol concentration (30%, 50% and
80%), in three different temperature (25°C, 40°C
and 60°C) separately for 1, 5 and 72h and centri-
fuged. Then the agueous extract from each step, was
evaporated (Heidolph, model: Rotavacvario power
unit No: 11-300-004-33-3, Germany) on the 40°C
to separate alcoholic solvent. Thefiltrate and alco-
hol-free extract was then analyzed by UV spectro-
photometer. The parameters investigated include
extraction solvent, such as crocin, picrocrocin and
safranal. All experimentswereprepared intriplicate.
Dried stigmas of C. sativusL was analyzed asthe
control treatment at 25°C.

Coloringtest

For measuring saffron quality factors (crocin,
safranal and picrocrocin) international standard 1SO
3632-2 was used. The absorbance readings of the
extract were measured on an UV visrecording spec-
trophotometer, Cecill, Japan (Modd CE 1021) at 257,
330 and 440 nmrepresenting A, for picrocrocine,
safranal, and crocin, respectively. Distilled water was

used asblank. Theresultswereexpressed as 1 7

“yMAX
g% _ Aypax x 10000

o (100 — H)
Where A is the absorbance at 4 __ , m the mass of
saffron sample(g), and H isthemassfraction of mois-
ture and volatile content of the sample. H was deter-
mined to be 7 % for the samples used inthis study!.

RESULT AND DISCUSSION

Effect of solvent

Thesd ection of themost appropriate ol vent for ex-
tracting thecompoundsof interest from thesampleisan
essentia step for devel oping any extraction method. In
thisstudy, water, methanol and ethanol weretested to
extract croain, picrocrocin, and safrand fromsaffron (cro-
cussaivus). Figure4 showstheeffectsof different sol-
ventsontheextractionyield of thetarget compounds.
Threedifferent solventsexhibited different effectsonthe
extractionyield under sameextraction conditions. Weater
isnot suitablesolvent for extracting thetarget compounds.
Becausecrocin, picrocrocin, and safrand arepolar com-
pounds, solventswith high polarities such as methanol
and ethanol arebetter for their extraction. Methanol, with
lower polarity than ethanol, exhibited alower extraction
yield. Thisresult indicatesthat solventsshow different
extraction resultson the objective congtituentsdueto
polarity and viscosity differencesbetween them.

TABLE 1: Comparison of E‘” valuesobtained using dif-
ferent solvent

Type of solvent Eﬂb Crocin E ;:;E, Safranal Ezlg} Picrocrocin
Control (X £ SD)  229.7+0.68°  27.92+0.4° 75.17:0.33°
Water (X + SD) 125.4£0.119  24.99+0.33° 67.18+0.13°
Water/Methanol b b b
(X £SD) 273.3+0.46 31.32+0.25 84.78+0.74
Water/Ethanol a a a
(X + SD) 423.9+0.23 49.51+0.09 133.1+0.33

Theextraction timewas 5h, extraction temperaturewas 25 °C,
solvent concentration 50%v/v and the ratio of solvent to
material was 20:1

Figure4 showsthe saffron extraction resultscar-
ried out under different type of solvent with fixed con-
ditionsof other factors, such asextraction solvent con-

centration (50 %v/v), extraction temperature (25 °C).
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Figure4: Effectsof solvent on thequality factor sof saffron
extract
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Effect of aqueousethanol solvent concentration

TABLE 2 showsthat the extraction of the target
compoundsin 50 % agueous ethanol arebetter thanin
30% and 80%agueous ethanol, respectively. Although
the use of 50 % aqueous ethanol asthe extracting sol-
vent produced higher yields of crocin, picrocrocin and
saf rasnal than80 % agqueous ethanol, and its disadvan-
tageis, over 50 % agueous ethanol isatoxic solvent,
which makesit moreharmful to hedlth. It hasbeen ob-
served that sometimesthe addition of smal percentage
of water to the extraction solvent helpstoincreasethe
extractionyiddof thetarget compoundsfromthesample
(TABLEY).

TABLE 2 : Comparison of E_“, values obtained using
differentaqueousethanol solvent concentration

Aqueous
Ethanol Solvent
Concentration

1% ) 1% 14 . .
EgypCrocin EggpSafranal Eace Picrocrocin

Control (X + SD) 229.7+0.68°  27.92+0.4° 75.17+0.33¢
30% (X + SD) 297.9+0.37°  38.22+0.49" 100.60+0.44°
50% (X + SD) 4239+0.23*  49.51+0.09* 133.120.33°
80% (X = SD) 420.7+3.92*  49.57+0.18% 135.7+0.90°

The extraction timewas 5h, extraction temperaturewas 25 °C,
extraction solvent waswater/ethanol and theratio of solvent to
material was 20:1
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Figure5: Effectsofaqueousethanolsolvent concentration on
thequality factor sof saffron extract

80%

control

Figure5 showstheeffects of different concentra-
tionsof agqueousethanol ontheextractionyiddof crocin,
picrocrocin and safrasnalfrom crocus sativus. Other
extraction conditionswerefixed a: extractiontime: 5h,
extraction temperature: 25 °C, andratio of solvent to
materid 20:1. A 50 % agueousethanal solution showed
the highest extraction efficiency and waschosen asthe
optima solvent for thefollowing extraction experiments.

Effect of temperature
Theinfluence of thetemperature on theextraction
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yieldsof crocin, picrocrocin, and safranal from saffron
(crocus sativus) was evaluated (TABLE 3). The ex-
tractionswere performed with 50%agueous ethanol at
threedifferent temperatures (25°c,40°c and 60°C) re-
spectively. Theextractiontimewas5 h. Thedatashown
inFigure6indicated no sgnificantdifferencesof extrac-
tionyieldsof the objective congtituentswhenthe tem-
peraturewasincreased from 25t040 °c. Ahigher tem-
peraturewill lead to excesswork in theextraction pro-
cess, causing thedecreasing inamount of saffron qual-
ity factors specialy safrand. For commercia applica
tion, atemperature 25°C (environmental temperature)
should be optimum to avoid waste of quality factors
such assafrana (saffron odor) and without any needs
to heating equipment.

TABLE 3 : Comparison of E“ values obtained using
different temperature

Temperature Ei;,'] Crocin E ;;E Safrana E 21;;.- Picrocrocin
Control (X+ SD) 229.7+0.68° 27.92+0.4° 75.17+0.33°¢
25°¢ (X £ SD) 423.9+0.23% 49.51+0.09% 133.1+0.33%
40°¢ (X + SD) 344.6£0.23°  35.38+0.09" 113.7£0.22°
60°c (X = SD) 324.4+0.11° 30.36+0.33°¢ 103.7+0.3°

The extraction time was 5h, extraction solvent was water/
ethanol, solvent concentration 50%v/v and theratio of solvent
to material was 20:1
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Figure6: Effectsof extraction temperatureon the quality
factor sof saffron extract

Effectsof extraction time

TABLE 4 showstheeffect of maceration timeun-
der sameconditions (5 hoursat 25 °C; solvent concen-
tration 50%v/v (ethanol /water); ratio of solvent to ma-
terial: 20:1) on qudity factorsof saffron extract. The
resultsindicated that when extractiontimeincreased from
1to5h, theextractionyieldsof crocin, picrocrocin, and
safranal increased from 268.9t0423.9, 42.63t049.51,
and 92.34t0 133.1, respectively. After 5h, theextrac-
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tionyiedisstable Theseresultscan beexplained asthe
effectsof mixing and ruptureof plant cdls, which caused
theintensfication of masstransfer and thusclosed inter-
action between the solvent and the plant tissues. Along
withtheincreaseof extractiontime, dl theplant cellswill
be completely cracked by mixing effect, and theextrac-
tionyieldwill increasewithin certaintimeduration. As
the plant cellsrupture, impuritiessuch asinsoluble sub-
stances, aswel aslipidssuspendintheextractionliquid,
resulting inthelower permesbility of the solvent. Dis-
solved constituentswill a so reabsorb on the smashed
plant particlesdueto their relatively large specific sur-
face areas|owering yields of recovered compounds.
Hence, Shissuitabletimeduration for the extraction of
crocin, picrocrocin, and safrand (Figure7).

TABLE 4 : Comparison of EA} values obtained using
different extraction times

Exﬁ ﬁchson E ;;E Crocin E;&E Safranal EZI;? Picrocrocin
Control (X + SD)  229.740.68°  27.92+0.4° 75.17+0.33°
1h (X £ SD) 268.9+0.23°  42.63+0.31° 92.34+0.45°
5h (X £ SD) 423.9+0.232 49.51+0.09% 133.1+0.33?
72h (X + SD) 424.2+0.422 49.34+0.222 134.0+0.292

The extraction solvent was water/ethanol, extraction tempera-
ture was 25 °C, solvent concentration 50%v/v and the ratio of
solvent to material was 20:1
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Figure7: Effectsof extraction time on thequality factor sof
saffron extract

CONCLUSION

Saffron hasafood and medicinal history usagein
theworld and iswidely used asafood additive. This
plant isthe most precious and expensive spicein the
world. Thesaffronfilaments, or threads, areactudly the
dried sig-mas of the saffron flower and have red colors.
These componentsare often dried and used in cooking

asaseasoning and coloring agent and it is most expen-
sve. Thereare severd reportsshowing that saffron has
phar-macological effects including anti-tumor, antidepres-
sant, neuro protectiveand anti-oxidative effectd'2 13,
Thisstudy investigated theuse of classcextraction
of three Carotenoid pigment, including crocin,
picrocrocin and safrana from crocus sativus (saffron).
Theexperimentssuggest that theoptima parametersto
extract thetarget compoundsare asfollows: extraction
solvent: 50% water/ethanol; extractiontime: 5h; extrac-
tion temperature: 25°C. This conditions lead to rise up
saffronliquid extract quality compared to dried stigma.
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