Progress in Engineering Thermodynamics and Kinetics Journal, 1 (2025), 2,178 - 191

Progress in Engineering Thermodynamics and

and Kineties Journal

Kinetics Journal

Journal homepage: https://jpetk.semnan.ac.ir/

Semnan University

Research Article

Optimization of saffron drying parameters to achieve a higher
drying rate and improved product quality

Marzieh Khodadai, Hanif Heidari, Hadi Baseri *

School of Chemistry, Damghan University, Damghan, Iran

ARTICLE

INFO ABSTRACT

Article history: The optimization of the saffron drying process parameters significantly affects
Received: 202%- %% k% the quality of the final product. In this article, the saffron essential oil is
Revised:  200%- %%k extracted and characterized, and fresh and dried saffron quality is compared.

The impact of parameters such as drying temperature, light source during the
drying process, and the use of vacuum in the drying process on the rate of drying
and color intensity of dried saffron is investigated. The results obtained from

Accepted: 202%-F*_**

Keywords: GC-MS, FT-IR, and UV-Vis tests indicate that over 60% of the concentration
Saffron; of the essential oil derived from saffron consists of 14 main compounds, among
Color Intensity; which safranal and picrocrocin are the most significant. Throughout the drying
Optimization of Parameters; process, the quality of the dried saffron does not change significantly, and a
Rate of Drying. drying temperature of 120°C and the absence of direct light improve the quality

of the dried saffron. Additionally, a temperature of 70°C is the optimal
temperature for drying saffron under 0.3 atmospheric vacuum conditions.

© 2025. Progress in Engineering Thermodynamics and Kinetics Journal published by Semnan University Press.

1. Introduction

Saffron, also known as red gold, consists of the dried red stigmas of the Crocus sativus plant,
and it belongs to the iris family. It is one of the most valuable agricultural and medicinal

products in the export of Iran, as well as being a precious spice worldwide [1, 2].
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Saffron may have different industrial applications in the production of different products like
traditional medicine, edible additives for coloring and flavoring food, and dyeing textiles [3, 4].
The famous active compounds in saffron include crocin (the agent responsible for saffron's
reddish-yellow color), picrocrocin (the compound that imparts the bitter taste to saffron), and
safranal (the predominant volatile compound in saffron) [5, 6]. In addition, saffron possesses
medical applications such as sedative, anti-tumor, antidepressant, and mood-enhancing
properties [7, 8].

Among various agricultural products, saffron is one of the valuable crops that globally holds a
unique position. Iran, with the production of over 200 tons per year, and accounts for
approximately 90% of the cultivated area and 93.7% of global production, is the largest
producer of saffron in terms of both quality and quantity in the world [9-11].

After saffron cultivation, product processing is the most important topic of interest in the
marketing process because the processed saffron can be exported to target markets in various
countries. It can be said that saffron processing is one of the main parts of the revenue-
generating process in this field. Drying is the most crucial step required for saffron processing.
Proper drying of saffron not only prevents spoilage and deterioration but can also enhance
product quality and increase consumer satisfaction [12].

The saffron drying process has been studied by various researchers [12]. For instance, Atefi and
his coworkers [13] investigated the effects of freeze-drying, electric oven drying, and shade
drying on the chemical and physical properties of saffron. According to their results, the freeze-
dried and shade-dried samples exhibited the highest and lowest color intensity, respectively.
Furthermore, these researchers demonstrated that the freeze-dried sample contained the least
amount of safranal, while the sample dried in the electric oven had the highest amount of
safranal.

Hemati Kakhki dried saffron by using four different methods, including two traditional Iranian
and Spanish methods, and two industrial methods of vacuum drying and cabinet drying (using
hot air). They showed that drying saffron with a cabinet dryer at atmospheric pressure better
preserved the main characteristics of the product, such as color, flavor, and aroma. The Spanish
method, vacuum dryer, and traditional Iranian method ranked next in terms of preserving these
attributes, respectively [14].

To achieve a product with desirable physical and chemical properties and a higher shelf life,
this study aimed to optimize the saffron drying process and provide a suitable alternative to

traditional saffron drying methods. Additionally, the effects of various parameters such as oven
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temperature, drying time, light intensity, and drying method on the drying rate and quality of

the final product were examined.
2. Materials and Methods

2.1. The Used Materials

The saffron flowers used in this study were collected from the fields surrounding Nishabur
County (Miangolgheh, Zammeh village, Iran). Figure 1 shows the various parts of the saffron
flower. The saffron stigmas were separated manually, and 0.5 grams of the separated stigmas
were used for each experiment. To prevent potential errors, the samples for each series of
experiments were prepared together and stored in a sealed container in a refrigerator at 4°C.
Additionally, the experiments were conducted consecutively. For the collection and extraction
of the active compounds present in the samples, ethanol with 99% purity from Merck

(Germany) was used in the experiments.
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Fig. 1. Different parts of saffron flowers.

2.2. Experimental Method

In this study, various methods for the drying of saffron were employed, and the effect of the
change of each parameter on the characteristics of the dried product was examined with constant
values of other parameters. An electric oven (AV 35, Hakim Azma Taghiz, 200+2°C) with a
capacity of 40 liters and a power of 1500 watts was used to investigate the effects of temperature
and drying time. For each experiment, 0.5 grams of fresh saffron stigmas were precisely
weighed to 0.001 grams and placed in an oven at a specified temperature. The samples were
removed from the oven at specified time intervals and weighed, and this process continued until
the weight of the samples stabilized.

In all of the experiments, the air temperature and the temperature of the holder plate (for drying

samples) were measured by a digital thermometer and they were held constant at about 25°C.
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To investigate the effect of light intensity on the characteristics of the final product, five saffron
samples were placed in five different locations. 1) In a dark place (cabinet) with airflow. 2) In
the shade of a room. 3) In direct sunlight. 4) In front of a 250-watt mercury vapor lamp (at a
distance of 50 cm). 5) In front of an infrared lamp (60 watts, inside a desk lamp and at a distance
of 15 cm). These samples were also weighed at various time intervals until they reached a stable
weight.

To investigate the effect of vacuum on the drying rate of the product, a vacuum oven (TAT-
2033, Hakim Azma Taghiz, 5 L, 0.1£5% bar) was used. In this section, different samples were
placed in the vacuum oven at a pressure of 0.3 bar and at various temperatures. At desired time
intervals, the samples were removed from the oven and weighed. This process continued until
the weight of the samples stabilized. The samples obtained from each experiment were stored
in two forms: dried powder, and collected in ethanol, in sealed containers. Finally, they were
kept in the refrigerator away from light until the subsequent experiments.

To reduce experimental error, all experiments were repeated four times, and the average results
are reported in the figures. The moisture of samples was estimated by using the following

equation:

Weight of sample — Weight of dried sample

Moist =
osture Weight of sample

2.3. Characterization Methods

For characterization of the produced essential oil, gas chromatography-mass spectrometry (GC-
MS), Fourier-transform infrared spectroscopy (FTIR), and ultraviolet-visible (UV-Vis)
spectroscopy methods were employed.

The GC-MS experiments were conducted using an Agilent GC-MS system (7890A)-
MSD(5975C). This device has a DB5-MS capillary column (30-meter length and an inner
diameter of 0.25 mm). The oven temperature of the device started at 40°C for an initial time of
5 minutes. It was increased to 270°C at a rate of 10 degrees Celsius per minute, and finally held
at this temperature for 10 minutes. Helium was used as the carrier gas at a flow rate of 1 mL/min,
with a split ratio of 1 to 20. The injector temperature was set to 220°C, and the used detector
was a 5975C VL MSD detector at a constant temperature of 300°C.

The functional groups of the compounds present in fresh and dried saffron were analyzed by a
Fourier-transform infrared spectrometer (RXI, Perkin Elmer). The corresponding spectra were

examined in the 400 to 1400 cm™ wavelength range.
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The UV-Vis spectrophotometer (Lambda, Perkin Elmer), equipped with a Peltier Temperature
Programmer and LCB-Lab Teach water bath, was used to analyze the color intensity of the
saffron samples during the various experiments.

After preparing and diluting the saffron solution in ethanol, the absorption process was
conducted at a wavelength of 257 nanometers for the identification of picrocrocin, 330
nanometers for safranal, and 440 nanometers for crocin [13, 15-17]. The changes in the
concentration of these three main compounds were examined by comparing the corresponding

peaks.

3. Results

3.1. Identification of the Main Chemical Components

Identification of the main chemical components presented in the essential oil extracted from
saffron (using ethanol as a solvent) was performed by GC-MS analysis and the results are
presented in Figure 2. The most important components with the highest concentrations are listed
in Table 1. As shown in this table, approximately 65% of the concentration of the essential oil

extracted from saffron is comprised of 14 main chemicals.
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Fig. 2. Chromatogram of saffron extract by GC-MS.
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Table 1. Phytocompounds extracted from saffron extract (GC-MS analysis).

Number Name of components A% Chemical Retention
Formula Time (min)

1 Propane,2,2-Diethoxy 4.267 C7H160: 4.856

2 2-Cyclohexen-1-one,3,5,5-trimethyl- 3.434 CoH140 13.05
$Isophoron

3 Safranal 7.361 CioH140 14.328

4 4-Hydroxy-3,5,5-trimethylcyclohex-2- 2.868 CoHi130 15.97
enone

5 2-Isopropylidene-3-methylhexa-3,5- 2.014 CioH140 17.478
dienal

6 2,6-di(t-butyl)-4-hedroxy-4-methyl-2,5- 2.492 Ci5H2402 17.999
cyclohexadien-1-one

7 Picrocrocin 10.626 Ci6H2607 18.559

8 Hexadecane 3.153 Ci6Hsa 19.45

9 Heptadecane 2416 Ci7H3e 20.576

10 Octadecane 3.934 CisHss 21.651

11 9-Octadecenoicacid(Z)- 3.034 Ci1sH3402 25.036
$Oleicacid$SRedoil

12 Docosane 4.640 C22Hue 25.468

13 Tricosane 3.601 Ca3Has 26.321

14 Crocetin 11.172 C20H2404 28.738

3.2. FTIR Analysis of the Fresh and Dried Saffron

As shown in Figure 3, to investigate the effects of the drying process on the main chemical
bonds presented in saffron, FT-IR tests were conducted on saffron particles before and after the
drying process. The results of this figure indicate that three main changes are observed after the
drying of saffron. These changes include a reduction in the height of the peaks observed in the
ranges of 3400, 1060, and 870 cm™'. This decrease in peak heights occurs while other presented
bands have not changed significantly due to the drying process. Based on the results reported
in various references [18-22].

The peak observed in the wavelength range of approximately 3400 cm™ corresponds to the O-
H groups present in water, alcohols, and phenols, and the reduction in the size of this band
indicates a decrease in the concentration of these compounds in saffron due to the drying
process. Additionally, the peak observed in the range of 1060 cm™ indicates the presence of C-
O and O-H groups in alcohols and phenols, which have also experienced a reduction in the
concentration of these chemicals.

The peaks observed in the range of 870 cm™ are associated with the C-H groups present in
aromatics, which also indicate a reduction in the concentration of aromatics due to the drying

process.
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The peaks observed in the regions of 2850 to 3000 cm™ correspond to the stretching vibrations
of C-H groups present in aldehyde compounds of saffron, such as safranal. Additionally, the
presence of bands in the regions of 1220 to 1390 cm™ is attributed to the stretching vibrations
of ester groups (O=C-0) found in substances like dimethylcrocetin, as well as alcoholic groups

in crocins and picrocins, with no significant changes observed in these peaks.
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Fig. 3. A) FT-IR spectrum of fresh saffron extract, B) FT-IR spectrum of dried saffron extract at 120°C.

3.3. Effects of Temperature on the Drying Rate of Saffron

Figure 4 shows the drying time of saffron at five different temperatures of 40, 60, 80, 100, and
120°C in an atmospheric oven. As indicated in this figure, at 40°C, the complete drying of
saffron stigmas approximately takes 80 minutes, whereas, at 60°C, only 30 minutes are required
for complete drying, with saffron reaching over 95% of its final moisture after just 20 minutes.
At higher temperatures up to 120°C, less than 10 minutes are needed for complete drying.
Although the results of this section indicate that increasing the temperature significantly
accelerates the drying process, the effect of temperature on the quality of the product must also

be considered.
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Fig. 4. The effect of temperature on the drying speed of saffron at atmospheric pressure
(dark conditions).

Figure 5 illustrates the effect of drying temperature on the drying rate of saffron in a vacuum

oven. Due to the rapid drying speed under these conditions, a temperature of 30°C was chosen

as the starting temperature for the study, along with temperature intervals o

As expected, the drying rate of saffron in a vacuum oven is significantly higher than at

atmospheric pressure, which is due to the delicate and thin structure of the saffron stigmas.

Figure 5 shows that at a temperature of 30°C, it takes only 45 minutes fo

completely. In contrast, at 40°C, only 30 minutes are required for complete drying. It is also

evident that the drying time decreases with increasing temperature.
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Fig. 5. The effect of temperature on the drying speed of saffron in a vacuum oven at a pressure of 0.3 bar.
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3.4. Effects of the Light Source on the Drying Rate of Saffron

Figure 6 illustrates the effect of light intensity on the drying rate of saffron. According to the
results shown in this figure, light has a significant impact on the drying speed of saffron. Drying
saffron in a dark cupboard or the shade outdoors (at 25°C and approximately 15% relative
humidity) requires over 350 minutes, whereas under sunlight, mercury lamp light, and infrared
lamp light, the drying times are 90, 40, and 15 minutes, respectively. As the light intensity
increases, the thermal energy supplied to the saffron also significantly increases, leading to an
enhanced drying rate. As observed, the drying speed increases with the transition from shade
to direct sunlight and it increases more by using the light emitted by the mercury vapor lamp.
Additionally, the use of infrared lamps accelerates the drying process due to the radiant power

of infrared rays that cause heating.

0.8
2 —o— Dark Room
N em,
@ 0.6 I \\ ‘m, ++M++ Room (the shadow)
o..
% i \ e —= -Sun Light
= : ‘e
; 0.4 ‘ \ ‘\ —: + Mercury Lamp
Z ¢ u,
§ 1\ \ —x - Infrared Lamp
0.2 \ . \ .°-...
x \
0 CVEVE 4-;— ...""‘l

0 100 200 300 400 500 600

Time (min)

Fig. 6. The effect of a light source on the drying speed of saffron in atmospheric conditions.

3.5. Effects of Drying Temperature on the Color Intensity of Dried Saffron

To investigate the effect of drying temperature on the color intensity of dried saffron, the
samples extracted in ethanol were analyzed using a UV-VIS experiment. The results are
presented in Figure 7. Based on the reported results, as the drying temperature increases from
40 to 120°C, the concentration of coloring compounds in saffron essential oil increases. This

indicates that higher temperatures enhance the extractability of the compounds present.

This phenomenon may be due to the increased degradation of the vascular tissues within
saffron, as the destruction of these tissues intensifies with rising drying temperatures, allowing
the essential oil particles to exit more easily and quickly from the plant vessels into the solvent.
Moreover, by increasing the drying temperature, the drying time decreases sharply and it may

cause a decrease in the evaporation of volatile compounds.
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Fig. 7. The effect of oven temperature on the color intensity of saffron essential oil.

Raina et al. [23] demonstrated that increasing the temperature of the electric oven from 20 to
40°C resulted in an increase in crocin concentration; however, further increases in temperature
led to a decrease in crocin levels.

Akhondi and his coworkers [24] reported a decrease in crocin concentration at temperatures
above 65°C and an increase in safranal concentration at higher temperatures with shorter drying
times by using an electric oven.

According to the results of Delshad et al. [25], increasing the temperature up to about 50°C
resulted in a slight increase in the concentration of crocin, while temperatures above that led to
a decrease in crocin levels. Furthermore, increasing the temperature to 55 degrees Celsius
improved the level of picrocrocin. Additionally, prolonged drying times at the highest
temperature level (70 degrees Celsius) led to a decrease in picrocrocin, and extended drying

times at elevated temperatures in the electric oven resulted in a reduction in safranal levels.

3.6. Effects of Light Source on the Color Intensity of Dried Saffron

Light is composed of electromagnetic waves that can penetrate various surfaces up to several
millimeters and ultimately be converted into heat. The effect of light on color intensity and
concentration of coloring compounds in dried saffron is shown in Figure 8. As observed in this
figure, the highest quality of dried saffron corresponds to products dried in darkness and shade.
When using high-intensity light sources such as sunlight or mercury vapor lamps, the high
intensity of the emitted light degrades the active compounds in saffron, resulting in a significant

reduction in the quality of the obtained essential oil.
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The results of this figure demonstrate that to preserve the quality of saffron, it should be dried

in darkness or shade and away from direct sunlight.
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Fig. 8. The effect of light source on the color intensity of dried saffron.

4. Conclusion

Appropriate processing of saffron is needed to produce better saffron with higher added value.
The drying process of saffron is considered one of the most important aspects of saffron
processing, which is examined in this article. The drying temperature is one of the main studied
parameters which was evaluated within the temperature range of 40 to 120°C.

The results of the experiments indicate that with increasing drying temperature, the drying rate
of saffron has significantly increased, and therefore, the drying time decreased sharply.
Additionally, the rise in drying temperature has improved the quality of the product, resulting
in an increased concentration of coloring agents. Conversely, an increase in light intensity
during the drying process has significantly reduced the concentration of the main coloring
compounds present in saffron essence.

By examining the saffron drying process under vacuum conditions, it was found that
although, as previously expected, increasing the temperature and vacuum drying significantly
enhance the rate of drying, various factors such as temperature and drying rate have different
effects on the quality of the dried product. Overall, the best product quality under vacuum

conditions was achieved at a temperature of 70°C.

Acknowledgments  Not applicable.
Funding Statement Not applicable.

188



Khodadai et al. / Progress in Engineering Thermodynamics and Kinetics Journal, 1 (2025) 178 - 191

Conflicts of Interest The authors declare no competing interests.

References

[1] S. M. Ziaei, H. Feizi, A. K. Siuki, H. Sahabi, 2024. Yield and quality of saffron (Crocus sativus L.)

in response to priming treatments and water deficit, Italian Journal of Agronomy. 19 (3), 100020.

[2]Y. Zhou, L.Li, J. Wang, X. Qi, H. Fang, Y. Bai, Z. Chen, X. Yu, C. Liang, 2024. Effects of different
microbial agent applications on the growth and quality of saffron (Crocus sativus L.) cormels, Scientia

Horticulturae. 336, 113385.

[3] S.R. Sampathu, S. Shivashankar, Y.S. Lewis, 1984. Saffron (Crocus sativus L.): cultivation,
processing, chemistry and standardization, Critical Reviews in Food Science and Nutrition. 20, 123-

157.

[4] S.R.Islam, Md. K. Alam, A. Alassod, T. Ahmed, A.H.D. Yousif, M. M. Rashid, S. A.
Bin Kamal, R. Mia, 2024. Chapter 10- Natural dyes and pigments as a source of medicine, Renewable

Dyes and Pigments. 177-232.

[5]J.P. Melynk, S.Wang, M.F. Marcone, 2010. Chemical and biological properties of the world’s most
expensive spice: Saffron. Food Res. Int. 43, 1981-1989.

[6] J. Serrano-Diaz, A.M. Sanchez, L. Maggi, M. Carmona, and G.L. Alonso, 2011. Synergic effect of
water-soluble components on the coloring strength of saffron spice. Journal of Food Composition and

Analysis. 24(6), 873-879.

[7] S. Ebrahimi, M.H. Fathi Nasri, S.H. Farhangfar, 2024. Dietary supplementation of saffron petal
elicits positive effects on performance, antioxidant status, and health of dairy goats, Small Ruminant

Research. 231, 107179.
[8] A.A. Noorbala, S. Akhondzadeh, N. Tahmacebi-Pour, A.H. Jamshidi, 2005. Hydro-alcoholic extract
of Crocus sativus L. versus fluoxetine in the treatment of mild to moderate depression: a double-blind,

randomized pilot trial, Journal of Ethno pharmacology. 97, 281-4.

[9] F. Pasban, 2007. Study of Effective Factors on the export of saffron. Economic Research Journal. 6
(12), 1-15.

189


https://www.sciencedirect.com/journal/italian-journal-of-agronomy
https://www.sciencedirect.com/journal/italian-journal-of-agronomy/vol/19/issue/3
https://www.sciencedirect.com/journal/scientia-horticulturae
https://www.sciencedirect.com/journal/scientia-horticulturae
https://www.sciencedirect.com/journal/scientia-horticulturae/vol/336/suppl/C
https://www.sciencedirect.com/book/9780443152139/renewable-dyes-and-pigments
https://www.sciencedirect.com/book/9780443152139/renewable-dyes-and-pigments

Khodadai et al. / Progress in Engineering Thermodynamics and Kinetics Journal, 1 (2025) 178 - 191

[10] V. Hakimzadeh, S. Delshad, 2017. Optimization of Saffron Drying Parameters by using Oven and
Microwave using response Surface Methodology, Journal of Saffron Research. 5(2), 151-162.

[11] J. Rios, M. Recio, R. Giner, and S. Manez, 1996. An update review of saffron and itsactive
constituents. Phytother. Res. 10(3), 189-93.

[12] M. S. Daneshmandi, A. Sabouri, S. Kakhki, S. Emami, 2024. Assessment of different drying
methods with the stability of apocarotenoids and mucilage concentration in Saffron (Crocus sativus L.)

stigmas based on mathematical modeling, Scientia Horticulturae. 338, 113684.

[13] M. Atefi, A.R. Akbari Oghaz, and A. Mehri, 2013. Drying effects on chemical andsensorial
characteristics of saffron. Iran.J. Nutr. Sci. Food Technol. 8(3), 201-208.

[14] K.A. Hemmatik, 2001. Effects of dryingmethods on quality of saffron (Crocussativus L.).
Pajouhesh Sazandegi. 14(51), 25-31.

[15] ISO-3632-2-2003., Part I: Specification,Part II: Test Methods. International Organization for

Standardization,Geneva, 2003.

[16] V. Sujata, G. Ravishankar, and L. Venkataraman, 1992. Methods for theanalysis of the saffron
metabolitescrocin, crocetins, picrocrocin andsafranal for the determination of thequality of the spice
using thinlayerchromatography, high-performanceliquid chromatography and gaschromatography. J.
Chromatogr. A.624(1), 497-502.

[17] Iranian National Standar Organization.,Total criteria of saffron and test methods 259. Institute of

Standards and Industrial Research of Iran, 2001.

[18] ] E. Anastasaki, C. Kanakis, C. Pappas, L. Maggi, C.P. del Campo, M. Carmona, et al, 2010.
Differentiation of saffron from four countries by mid-infrared spectroscopy and multivariate analysis.

European Food Research and Technology. 230, 571-577.

[19] J. Coates, Interpretation of infrared spectra, a practical approach. In R. A.Meyers (Ed.),
Encyclopedia of analytical chemistry, JohnWiley & Sons Ltd, 2000.

[20] M. Kanou, K. Nakanishi, A. Hashimoto, & T. Kameoka, 2005. Influences of monosaccharides and
its glycosidic linkage on infrared spectral characteristics of disaccharides in aqueous solutions. Applied

Spectroscopy. 59, 885-892.

190


https://www.sciencedirect.com/journal/scientia-horticulturae
https://www.sciencedirect.com/journal/scientia-horticulturae/vol/338/suppl/C

Khodadai et al. / Progress in Engineering Thermodynamics and Kinetics Journal, 1 (2025) 178 - 191

[21] N.A. Nikonenko, D.K. Buslov, N.I. Sushko, R.G. Zhbankov, 2005. Spectroscopic manifestation of
stretching vibrations of glycosidic linkage in polysaccharides. Journal of Molecular Structure. 752, 20—
24.

[22] D.W. Sun, Infrared spectroscopy for food quality analysis and control (1st ed.). New York: Elsevier
(chap. 4), 2009.

[23] B.L. Raina, S.G. Agarwal, A.K. Bhatia, and G.S. Gaur, 1996. Changes in pigments and volatiles of
saffron (Crocus Sativus L) during processing and storage. J. Sci. Food Agric. 71, 27-32.

[24] E. Akhondi, A. Kazemi, V. Maghsoodi, 2012. Determination of a suitable thin layer drying curve
model for saffron (Crocus sativus L.) stigmas in an infrared dryer. Sci. Iran. 18(6), 1397-1401.

[25] S. Delshad, V. Hakimzadeh, 2017. Optimization of Saffron Drying Parameters by using Oven and

Microwave using response Surface Methodology, Journal of Saffron Research (semi-annual). 5(2),

2017-2018.

191



