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Abstract

Saffron (Crocus sativus L) is a plant with high economical and medicinal value. The dried and dark-red stigmas of
flowers of Crocus sativus L., is the most expensive spice in the world. Saffron is used mainly as a spice for flavouring
and coloring of food, but also numerous pharmacological studies have indicated its therapeutic potential including
antioxidant, anticancer, antiischemic, hypolipidemic, antitussive, antidepressive, sedative and antiinflammatory effects.
Saffron contains more than 150 volatiles and aroma-yielding compounds, and many non-volatile active components
(such as: zeaxanthin, lycopene, and various a- and g-carotenes). Three main pharmacologically active metabolites:
crocins; picrocrocin and safranal are responsible for the colour, taste and aroma of saffron. The quantities of secondary
metabolites are influenced by many factors. Agronomic and environmental factors can affect the morphological and
anatomical features of the plants as well as quantity of secondary metabolites. However, the most considerable
influence on chemical composition of saffron has a post-harvest processing. The dehydration treatment necessary to
convert Crocus sativus L. stigmas into saffron spice is one of the most important factors. Different treatments used for
draying stigma have different impact on secondary metabolite contents, and they determine stability, quality, and
economical value of the saffron.
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1. INTRODUCTION

Crocus sativus L. is a plant with high economical and medicindluea It is a member of the family
Iridaceae. From its flower stigmas is obtained neogtensive spice in the world - saffron, which is
among the highest priced high value agriculturaldpcts in the world. Saffron refers to the dried
and dark-red stigmas of flowers Gf sativus. Also, it is named the red gold”, and because of its
color, flavor, and aroma it is very appreciatede Tvord “saffron” is derived from the Arabic word
“zafran”, which means yellow” (Abdullaev and Frenkel, 1999; Caballero-Ortegaakt 2004;
Husaini et al., 2006; Bagur et al., 2018). As ailtesf the specific glycosidic constituents saffron
possesses powerful coloring and flavoring propgrtad it plays an important role in the culinary
culture of different regions in the world, wereused as food additive. Also, saffron is used in
traditional medicine in the treatment of variousmds of illnesses by various civilizations
(Caballero-Ortega et al., 2004; Bathaie and Moys2040).
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C. sativus. is a sterile triploid plant that is naturally pemated vegetatively by corms. Flowers
emerge in autumn. The outstanding feature ofQhs&tivus flower is its three stigmas, 25 - 30 mm
long, which droop over the petals, that is whatalected as saffron. There are also three yellow
stamens, which lack the active compounds and areallected. The stigma is attached to a style
(Fig. 1), which has little of the active componeatsl is only included with the lower grades of
saffron (Wani et al., 2011).

Petals

Figure 1. Crocus sativus L. plant morphology (https://rainbowpeacockco.wordpress.com/on-saffron)

The use of saffron date back to ancient Egypt amahd? where it was used as a dye in perfume and
as a spice for culinary purposes as well as irtrireat of different diseases (Abdullaev, 2007). In
the Ebers papyrus (1550 BC) saffron is mentionedrasgredient for a cure of kidney problems.
Hippocrates, Theophrastus and Galen consideregsati be an appetite stimulant, which can help
in the relief of digestive disorders and has cafmeffects on infants (Velasco-Negueruela, 2001).

C. sativus red stigmas contain a number of secondary cherdem@atives, which have been used
for treatment of different health conditions. Many health properties of saffron have been
scientifically confirmed. Various pharmacologicélidies have been described that saffron and its
constituents exhibit different beneficial propestiencluding antioxidant, anticancer, anticonvutsan
antiischemic, antigenotoxic, antidote, antiapoptotantitussive, antidepressive, sedative and
hypnotic, hypolipidemic, antihypertensive, antireagtive and antiinflammatory effect (Wani et al.,
2011; Rahimi, 2015;). Saffron also improves memanmy learning skills and increases blood flow
in the retina and choroid. The antioxidant activigs been hypothesized to be one of the important
mechanisms for the various pharmacological effetsaffron (Srivastava et al., 2010; Tong et al.,
2015).

Also, saffron has attracted a renewed interestdarse in cosmetics. Since ancient times, safson
used for cosmetic purposes. Cleopatra used itrité@uty products. In traditional Greek medicine,
it can refresh the skin of the face and is userklieve the liver of the domination of bile and to
treat acne, skin diseases and wounds. Also, safépals have been studied in several studies as
being rich in crocin and kaempferol, thus represgran important source of bioactive compounds
for potential cosmetic formulations (Mzabti, 2019).
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2. SAFFRON BIOACTIVE COMPOUNDS

In view of wide range of medical uses, phytocheimiad biochemical analysises of saffron
bioactive compounds are subject of numerous stuatidsvariety of biologically active ingredients

has been isolated.

Saffron contains more than 150 volatile and arome&dyng compounds. It also has many non-
volatile active components, many of which are @moids including zeaxanthin, lycopene, and
variouso- andp-carotenes. The volatiles with a very strong oder @nsistent of more than 34

components that are mainly terpenes, terpene dkiohad their esters. Non-volatiles include
crocins (monoglycosyl polene esters of crocetirafr@n-colored compounds, responsible for the
red or reddish brown color of stigmas together vwa#tiotenes, crocetin - natural apocarotenoid
dicarboxylic acid and precursor of crocin, picranm(glycosidic precursor of safranal), responsible
of the bitter taste in saffron and safranal theamajganoleptic principle of stigmas responsible of
the characteristic saffron aroma (Fig. 2). By satijg picrocrocin to hydrolysis and dehydration,

safranal, is obtained. Also, saffron contains pnstesugars, vitamins, flavonoids, amino acids,
mineral matter, gums, and other chemical compouRdssence of biologically active compaunds
such as crocetin, picrocrocin and safranal make gpice promising candidate for functional food
(Abdullaev, 2007; Srivastava et al., 2010; Jar.e2814; Rahimi, 2015).
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Figure 2. Main bioactive compounds of saffron (Jan et al., 2014)

The most influential chemical compounds in the dalp power of saffron are crocins. Crocins are
unusual water-soluble carotenoids. In comparisorotteer carotenoids, crocins have a wider
application as a colorant in food and medicine ntyabecause of their high solubility (Moghaddasi,
2010). Despite crocins, saffron also contains somestrans andcis isomers of crocetin. In plant

kingdom crocins are derived from enzymatic oxidatsleavage of the carotenoid zeaxanthin,
which is broken down at both ends and producesetirodialdehyde and picrocrocin (Fig. 3).

Precursor of safranal is picrocrocin. Transfornratiake place during dehydration because of
temperature or activity of enzyme glycosidase. Depegg of way of transformation safranal can be
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produced directly from picrocrocin or via HTCC (gelmoxy-2,6,6-trimethyl-1-cyclohexene-1-
carboxaldehyde) (Velasco-Negueruela, 2001; Torad. €2015).

On the other hand, crocetin dialdehyde is oxidiaed esterified by different glucosyl transferases
to generate the crocetin esters. Carmona et @6 20ggested that crocetin esters could also be
precursor of safranal, and can be converted t@salffoy an enzymatic action or drying at high
temperature. In this possible pathway, TDOI (45fefrahydro-7,7-dimethyl-5-oxo-3H-
isobenzofuranone) is an important intermediate eamg (Carmona et al.,, 2006; Tong et al.,
2015).

The difference in the type of sugar moieties plaicethe positions R1 and R2 results in the six
classes of crocins including: crocin 1, crocin &ycm 2, crocin 3, crocin 4, and crocin 5. In that
context, glycosyl and gentiobiosyl moieties alonghwH are present in R1 and R2 at different
patterns, making various types of crocins. Reggrdaomeric structure of crocins occurring in
saffron, both isomeric structures of cis and tramespresent in saﬁfron (Tong et al., 2015).
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Figure 3. Possible pathways for the generation of the main compounds in saffron (Gresta et al., 2008)

Quality of saffron is highly influenced by the peese of its three major compounds (crocin,
picrocrocin, and saffranal). The main parametedegiding the quality of saffron is its coloring

potential which can be measured by the quantitigsofolorant components (Moghaddasi, 2010).
Many methods of analyzing saffron components hasenbdescribed. The quality of saffron is
regulated by ISO 3632 standard, aimed at standagdihe classification of saffron worldwide

(Mzabri et al., 2019)

3. EFFECTS OF AGROLOGICAL AND ENVIRONMENTAL FACTORS ON QUALITY
OF SAFFRON

Agrologically, ecophysiologically, and phenologigalsaffron is different from most agronomic
crops. Saffron grows from corm, a nutrient reseorgan that supports all flower nutrient
requirements in the first year of production (Ketfial., 2006).
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This plant prefers friable, loose, low-density, lehatered, and well-drained soils. Soil conditions
for saffron production should be evaluated in tlomtext of corm establishment, growth, and
propagation. It can be grown on soils varying freamdy to well-drained clay loams. Saffron also
has an unusual reverse biological cycle. It bloamsutumn (October to November) and spends a
long period of dormancy in the summer. It is adbletao temperate and sub-tropical climates
(Gresta et al., 2008).

Environmental factors such as: physical and chdnpoaperties of the soil, climatic conditions,
time of harvesting the flowers, age of the cormehafluence on size of flower and stigma inside it.
Besides, climate and soil characteristics, plantinge, planting depth, corm size/weight, crop
density, nutrient management, weed management,tigroggulators, harvest, and post-harvest
management also have influence on saffron quatitiycuantity (Mounira and Cantrell, 2009).
Saffron production does not require much water, thoeliness of irrigation, particularly the first
irrigation is very important for flowering emergenand length of flowering period. There are
many agrological factors contributing to yield aahlity of saffron such as: corm size, method of
planting, irrigation application, irrigation inteavand recent practice of summer irrigation whigh i
not usual practice for saffron (Koocheki et al.02))

As is reported in the literature environmental dbads have an effect on anatomy and secondary
metabolites of plants. High altitude and low tengpare have been proven that have positive effect
on the production of secondary metabolites. Lowpermature is a crucial factor for flowering
emergence. An increase in the content of phenopooimds and carotenoids with rising altitude has
been postulated as a response to increasing U¥tradli Also it has been assumed that
biosynthesis of carotenoids is influenced by enmvmental conditions such as temperature. The
guantity of carotenoids increases as temperatuweedses. Moreover, amount of saffron secondary
metabolites depends of age of corm (younger safemnples have higher content than older ones).
The reason of this could be: reduction in corm,sti@sing of corm to soil surface, low accessipilit
to mineral elements or reduced enzymatic activitglder corms (; Zidon et al., 2005; Schonhof et
al., 2006; Zarinkamar et al 2011).

4. EFFECTS OF POSTHARVEST PROCESSING ON SAFFRON BIOACTIVE
COMPOUNDS

Postharvest processing plays a crucial role indgbality characteristics of saffron. Postharvest
processing, such as drying methods and storageitioors] determines the stability of saffron,
which directly affects the market value of the prod The draying process is most important
postharvest treatment which is necessary to coresativus stigmas into saffron spice. Drying
brings about the physical, biochemical, and chehabanges, which are necessary to achieve the
desired attributes of saffron. It is a critical sten development of the principal substance
responsible for saffron’s aroma, safranal. Alsoyoirg process plays an important role in preserving
the spice (Tong et al., 2015).

Moisture content in saffron is a critical parameft@r preservation of its characteristics. Drying
operations are necessary for production of a higddity product that has the highest level of color
and flavor. During the dehydration process, thgnséis lose about 80% of their weight. Generally,
during the drying process the moisture contentighsas decreases between 8% and 10%. A lower
moisture content, at least below 12%, maintainsqunaity of saffron for a longer time (Velasco-
Negueruela et al., 2001; Carmona et al., 28@®cheki, 2020).
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The drying process not only plays an important ioléhe preservation of saffron, but also it is a
critical step in development of the principal salose responsible for saffron’s aroma, safranal.
Fresh stigmas are not able to impart their orgaoticlecharacteristics to food. A drying process
brings about the physical, biochemical, and chehtbanges necessary to achieve the desired
attributes of saffron (Carmona et al., 2005).

This process is aimed to protect the crocins bygsta the enzymatic reactions responsible for its
biodegradation, which can be achieved with tempegatabove 60°C for the minimum possible
time. Selecting the most appropriate drying metdne of the important steps in postharvest
processing in order to prepare saffron stigmas wighhighest amount of crocins, and at the same
time to maintain the best morphological charactiesgAghaei et al., 2019).

The drying process differs from country to counffjnere are two ways to dehydrate saffron in
terms of temperature. One process is carried owdaah temperature directly under sunlight or in
air-ventilated conditions, as is done in India, boo, and Iran. It takes place outdoors, and the
product is directly exposed to sunlight. Under gl carotenoids in saffron can be degraded or
isomerized. The second drying process is carri¢gbhigher temperatures by using hot air or any
other heating source. This is the process usegamSGreece, and Italy (Carmona et al., 2005).
Carmona et al., 2007 noted that if saffron with hiighest coloring strength is desired, it is betiber
submit it to a higher temperature at lower timesitto lower temperature at longer processing time.
The saffron dried at room temperature posses®$arduantity of safranal. Safranal precursors are
formed during the dehydration process. Safranatssta be formed from its precursors at the
temperature between 70 and 90 °C. From a chemaal pf view, differences between the samples
dehydrated at low and high temperatures, underighinbr in shade, can be explained as
photochemical degradation, or isomerization of tdaotenoids responsible for saffron color
(Carmona et al., 2005).

The quantities of crocins, safranal, and picrogracisaffron depend mainly on the method used for
drying the stigmas. In traditional methods usintasand air drying, the carotenoids in saffron can
be degraded. However, the purplish red. color aaoha in saffron are retained when the air drying
method is used. In drying over charcoal or using@her heating source, the organoleptic qualities
and its purplish red color are preserved.

5. CONCLUSIONS

There are several crucial steps in saffron prongs$iom flowers harvesting to drying of stigmas.
Quality characteristics of saffron are directlyestied by the postharvest processing stages. The
drying process plays a crucial role in the quatityracteristics of saffron and its physicochemical
properties and determine the and economical vdltleecsaffron.
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