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Fig. 7- Drying intensity in method of shade drying
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Fig. 9- Drying intensity in cabinet dryer in three levels of inlet air temperature **40, 50, 60 °C**
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Table 1- Analysis of Variance of the effect of various drying methods on total phenol of the fresh and dry and the
color indices of the fresh and dry inner and outer petals of Rosa flower bud

Slasyo el o
. - e = . PP y i gilio
900 SBS W5 Uy s yad L G SRS W5 S5y b yad b g5 S df Source of
Color indices of inner petals Color indices of outer petals Total phenol variation
b* a* L* b* a* L*
o)
190.731 236.246 24512 36.543 187.084 46.826 16879.815 5 O3S S
Drying
method
27.076** 65.248** 8.135** 4.523** 35.890**  20.780** 109.248** F ,laso
7.044 3.621 3.013 8.080 5.213 2.253 154.509 18 Eu»
rror

** Significant difference at 1% level 2oy S Jlain ] s p3 I ixe SIS dgng s

Agricultural Mechanization & Systems Research
25(89), 2024

Y



RULSERrY =Ty

...):JSJSA:Q&F) u‘ﬁ.“\.a.; 4&.\.&&»’" S e

oo J5 doid (LS5 Uy s pad Ul g (3,5 WS (g 1 ek Ao -Y Joua
Table 2- The mean comparison of the effect of various drying methods on the color indices of the petals
of Rosa flower bud

93 SBS
Inner petals

S SBS IS o
Outer petals

b* a* L* b*

a* L*

-2.45¢ 38.30¢ 44,05 2 -4.7°¢

83l auis
Fresh bud

41444 43.93°

2.76°¢ 15.90° 41,02 be 0.31b¢

Sid “'.’.qu':’”_ s

Dried bud- Shade drying
method

18.32 ¢ 38.82¢

17.02 10.80 ¢ 44942 2.76%®

3ozl gy —SWis agus

Dried bud- Freeze drying
method

16.38°¢ 49422

10.76 © 14.40° 39.14 ¢ 7.572

£ 5 Slgh by Sl i

gl B2 3
Dried bud- Cabinet drying
method at 40 *

16.43 ¢ 39.05¢

7.64° 15.48° 39.57¢ -1.08%¢

0+ o5 (Elgp by Sl e

ww 3@)3
Dried bud- Cabinet drying
method at 50 *

25.61° 36.64 ¢

17.672 9.79°¢ 40.35°¢ 3.66

T oS Blgp sy -l it

g 23
Dried bud- Cabinet drying
method at 60 *

17.23 38.54 ¢

17.892 9.95¢ 36.12¢ 0.21 %

S ygb gy —Suid dosd

foinns g0
Dried bud- Indirect solar drying
method

24.64 ¢ 38.47 ¢

L)l 85 b gy pre BB wo > B el e (5 wliie By b sba 1 Sle gt o )
In every column, there is no significant difference between mean data with similar alphabet letters (a=5%)

9 53 el SIE 0,5 (e OYAY ) g0l 6
DYVIE |, yailins by Ly oo sl oylce 4o
lod )7 5,55 05 50 sl SIS 05 e
Sl Pl S Sas Gl gl
S Jaio a3 (sioome 5 i |5 [
J—=8 polde A slie () Jouz) cl aiilo ooy
2= 8 e i o e L3 S
Ol 3 o 5l g, Lo o iSlis glaaoie
o i3 0 5T slalas Uy 0,8 slys i,
ol g 0, S Sas anl Lo ean il ooy,

Al 5 b s o0 S S Loy, LS
Gooxo J5
Sazme J5 o5l At 53 5 Jb e
GSo3lasl o5 15 sl SLIB o, 5 Lo 0VFIFF
Jolts aame 15 50 b oS 5 cl oo
0 5 Y rodlms wmal S s 55 ¢ Jg 5200l S

Caols S5 ) S el S5l
Ol 5 el plyo o )ls Sl
L8 5 5 la_ae (Pourebrahim et al., 2023)

o S

Slos

gy Lo oo bzl maul 8L _ac o ga

Agricultural Mechanization & Systems Research
25(89), 2024



FA-EA LoV EoT JlalAR 0yl Y0 i/ 55,9 UsS (gl 5lSo o Wrailolis coligioes

als L o b oluS 5 lahe o SSis 5l
(S S—id sla sl um )0 g anb oo el
e+ g299,500Lw sl g, Lo sa s S i (sladaiges
Glrasged s J5 Jb Jlodie on i 4l 5 O
VT SR - ISR R RN W AE WS

U L YL gl adilansls 1y S d e oy 2eS

s&M‘oudmdjdemﬁﬁlf)aJ_f
DTSS0S la sles il L aS s sbosy
A0 90 4y ugwlwd >0 fF 5l cols
a HYTYY )'| PR S g W J_T J_;_é)L\_'o;o ‘JJ}:_..J...;
P m —l S 5,5 L YOATY 5 FAYIYY
P aS as S 5,38 o5 (Roozdar et al., 2014)

.« 100 ool ame
i § a Fresh bud
2 & 600 n S gl
2 b :
‘13 T c Shade drying
v, O 500 e d de
e o G oS K
2 é Freeze dryer
J E 400
j, 2 gl 4253 Fr slod -l oS Sl
); 2 300 Cabinet dryer- T=40 ¢
<
; I2 200 B gamdes 4253 B+ 6'-*.“’ -l o S
Cabinet dryer- T=50 ¢
100 s 4z 30§+ (glod - Hinl8 oF S
Cabinet dryer- T=60 ¢
0 i ok Gy (S S
BRI TVRE Indirect solar dryer
005 S
Drying method

Shoone J5 it SIS S 6 e 2 (33,5 s (slaig, 1Y+ JSS
Fig. 10- The effect of drying method on total phenol of the petals of Rosa flower bud

Slos o (Ll S (S Sis 5 Al paoys Ve
10) (b Stz plej oSS ugades Az o 7
Ao, OO dga> du d i Cogb, fauw, U celo
TN alie el GlesS e s (5 Ak s
PRI 5 pS kS — p S LS
A>p0fe 900 ¥ sloabo o guols (SSis
= 5 kS VY 5 VY e[ ¥ A ageads
ot K5, alio gl Leluly il o SolS

W J

WS

‘5:.[.2_.:45) ua.’>Lm P Ve SN éuwg) 3o 03— S i

Gl a8 o e YL el (L)

S5 A
aouly (gaeme S5 dAzue HuhSis anld o
59, SLaS I8 Logas a4 slas 05 S5,
uij))aua_modol_idgo_wdja_gué
Sl 59, W oga> g Ve b ol b S asalw
Bl Janly 0oy W ol cmsb) 4 Ga,
ozl S X

4 dié Coghy auw, U celn £F) oiscsis

Ol o i 59l i a8l o

Agricultural Mechanization & Systems Research
25(89), 2024

P



RULSERrY =Ty

oLl g Jlaie G yeS (00, 5SS sla g,
L gaemme J5 055 azie Sy glaS I8 o b*
B oy ls Lo, Ly oo b S sloazus
s § priis i (G55 g Ay
5 oS Siad a8 sl gl e B3
e palS o (S S lea sles liHl
Dl gaee J 5 Aol slaS A5 o s 8
OS> 0 0,8 lea sles il 8l L aS g ebay
A >0f 90 ay quge—wdwd >0 5l ols
A DVEIYY 5l e pas |5 J—8 jla o ga—das
e s sl S o, 5 Ls FOAY 5 FAY/YY
sloa e waal cowoan s wlwl p.cél als
Lo oS Glo—o o9, g ulw by, Lo oo Slis
s9bd g b fa wedw Az 0 B0 5 T slales
Dsg a1y 1S 8 jlafe cp X ds (5,00 ixe
OSS—i3 by, am by e b8 e (S
ol 0l (Gd——s y55 S S g g0l
S S Lo FOF 5 FYF ol o Ly o iy

|

SVab ey danazg Lol cowods p, 5 1 al
(S0 J_f LsLQA_gLLé QO)_T&_L&} L5|)_>)L~» 3,90
L 5 5t 5o 9,5 S i, il

D9 oo Slgadion gamdis 4> 50 e gleo

...):JSJ;.é,&i) u‘f.ﬁ.i.? 4&&3&»‘" M_‘m“ R

l_g 00— S (_ngd._?u.C 4o .Ja9_:)A (f‘\/fY)b_,s),.,
dSges 550 905l dzue L aS 090 (golasl o,
o9y 4 ol bSis glad e g0 loS S
o i e o yeS i blad (g lo e OS]
ot s SIS t5 s
30 el S (S Sis o el ol o sl
)b Y;/;\c l_a )_:‘).: g}“}‘—“‘l“‘ > .)o O (_gl_m)
csyd GLaS IS S YUY 5 gy sLacs, S
)° YAIOY )_>‘).: L)“"?'“_"“’L"“ 2\_?-)0 7. ‘_g;m) )29
(:_Ss)o (_ngSJ...L? )») \C'/\"() 9 (F’ﬁ)"‘" ‘_guﬁj..lf

o lyd o) aig 5 SV eb (onlplo el Crwoa

g,

o oS Eely gl A3 00 sl
L i s el sa s Lo I8 S,
o Sl 5l 50 o3l loazié | ey a®
Ly oS leo by, L oatiSias laas
3 ol ol o ssml i (YOIF)) ugr—udos
slegiyy b oabSis slhasue 590 slas U5
gl S>3 0% 0, 5l a (10 4l
OF/Fe) Gogdas &0 F2 0, 5 (sl 5 (VO/FA)
S Io e MBS § 09 oy i 05 asié 5l o

0y pasls ol olas i La gy ol o )

&b o %

s)l_'l_é) L — ‘(ffél MSJ_MJA—L‘Q})‘ s)_m.’ db‘ Y — )‘ J_Al5)9_'ad_30.\_.ib 4_‘$|)‘ aJlao uoj..a} )o Ulf“‘\'““"}’

S, 092 g Liwly cpl jo (g g a8lio g Wilodgad up il g0 SLiiil g Lol b g osls x>

Fodl

Ahmadi, K., Sefidkon, F., & Assareh, M. H. (2008). The effects of different drying methods on essential oil
content and composition of three genotypes of Rosa damascena Mill. Iranian Journal of Medicinal and

Aromatic Plants, 24(2), 162-176. (in Persian)

Agricultural Mechanization & Systems Research
25(89), 2024

\()



FA-EA LoV EoT JlalAR 0yl Y0 i/ 55,9 UsS (gl 5lSo o Wrailolis coligioes

Anon. (1990). AOAC standard. Official methods of analysis (15" Ed). Association of Official Analytical
Chemists. Washington DC, USA.

Anon. (2021). Agricultural statistics. Chapter 3: Horticultural and greenhouse products. Information
Technology, Ministry of Agriculture- Jahad. (in Persian)

Barman, M., Soren, M., Mishra, C., & Mitra, A. (2022). Dehydrated jasmine flowers obtained through natural
convective solar drying retain scent volatiles and phenolics— A prospective for added-value utility.
Industrial Crops and Products, 177, 114483. https://doi.org/10.1016/j.indcrop.2021.114483.

Bassiri, A. (2008). Statistical designs in agricultural sciences (11" Ed). Shiraz University Pub. (in Persian)

Bhardwaj, A. K., Chauhan, R., Kumar, R., & Sethi, M. (2017). Experimental investigation of an indirect
solar dryer integrated with phase change material for drying valeriana jatamansi (medicinal herb). Case
Studies in Thermal Engineering, 10, 302-314, https://doi.org/10.1016/j.csite.2017.07.009.

Boyar, S., Bayhan, A. K., & Dikmen, E. (2013). Investigation on drying behavior of Isparta Rose flowers
(Rosa damascene Mill.) under natural shade conditions. Bulgarian Journal of Agricultural Science,
19(2), 361-374.

Chen, W., Gast, K. L. B., & Smithey, S. (2000). The effects of different freeze-drying processes on the
moisture content, color, and physical strength of roses and carnations. Scientia Horticulturae, 84(3-4),
321-332. https://doi.org/10.1016/S0304-4238(99)00106-5.

Ebrahimi, M., & Sharifzadeghan, H. (2016). Knowing about the principles of Rosa damascene planting.
Extension magazine. Agricultural Research, Education & Extension Organization Pub. (in Persian)
Ghahreman, A. (1996). Flora of Iran. Research Institute of Forests and Rangelands & Tehran University

Pub. (in Persian)

Hnin, K. K., Zhang, M., Ju, R., & Wang, B. (2021). A novel infrared pulse-spouted freeze drying on the
drying Kinetics, energy consumption and quality of edible rose flowers. LWT- Food Science and
Technology, 136, 110318. https://doi.org/10.1016/j.lwt.2020.110318.

Khorramdel, S., Shabahang, J., & Asadi, G.A. (2013). Effect of drying methods on drying time, essential oil
quantitative and qualitative of some of medicinal plants. Eco- phytochemical Journal of Medical Plants,
1(1), 36-48. Dor: 20.1001.1.23223235.1392.1.1.4.5. (in Persian)

Mabellinia, A., Ohaco, E., Ochoa, M. R., Kesselera, A. G., Marqueza C. A., & De Michelis, A. (2011).
Chemical and physical characteristics of several wild rose species used as food or food ingredient.
International Journal of Industrial Chemistry, 2(3), 158-171.

Mehdizadeh Barzaki, Z., & Behmadi, H. (2019). Rosa damascena Mill- Properties, applications and
Challenges. The Sixth National Conference of Medical Herbs Conventional Medicine and Organic
Agriculture. August 22. Agriculture and Natural Resources Research and Education Center of Hamedan.
Hamedan, Iran. (in Persian)

Mozaffarian, V. (2005). Trees and Shrubs of Iran. A Publication of Farhang Moaser. (in Persian)

Pahlevanzadeh, H. (1998). Drying: principles, applications and design. Tarbiat Modarres University Pub,
Tehran, Iran. (in Persian)

Pourebrahim, N., Elhamirad, A. H. Einafshar, S., & Armin, M. (2023). Effect of ultrasound-assisted
extraction method on the contents of phenolic compounds and anti-oxidant properties of Damask Rose
(Rosa damascena Mill.) extract. Journal of Innovation in Food Science and Technology, 15(2), 1-14.
(in Persian)

Agricultural Mechanization & Systems Research
25(89), 2024

s


https://doi.org/10.1016/j.indcrop.2021.114483
https://doi.org/10.1016/j.csite.2017.07.009
https://doi.org/10.1016/S0304-4238(99)00106-5
https://doi.org/10.1016/j.lwt.2020.110318
https://dorl.net/dor/20.1001.1.23223235.1392.1.1.4.5

L‘,‘)M5)%m$) ...):JSJ;SQ&:)UV,@‘&MM%M”;

Raol, J. B., Kumpavat, M. T., & Vyas, D. M. (2013). Drying characteristics of rose flowers. Journal of
Agricultural Engineering, 50(1), 39-46.

Roozdar, F., Azizi, M., Ghani, A., & Davarynejad, G. (2014). The Effects of drying methods on drying time
and some biochemical characteristics of Mentha piperita L. Journal of Horticultural Science, 28(3),
407-415. https://doi.org/10.22067/jhorts4.v0i0.42865. (in Persian)

Roustapour, O. R., Zomorodian, A., Gazor, H. R., Roushanzadeh, H., Joukar, A., & Joukar, L. (2016).
Design, manufacture and evaluation of mixed solar dryer with variable inclination mechanism in order
to dry apple (Golab Veriety). Agricultural Engineering Research Institute Pub. (in Persian)

Yam, K. L., & Papadakis, S. E. (2004). A simple digital imaging method for measuring and analyzing color
of food surfaces. Journal of Food Engineering, 61(1), 137-142. https://doi.org/10.1016/S0260-
8774(03)00195-X.

Zheng, M., Xia, Q., & Lu, S. (2015). Study on drying methods and their influences on effective components
of loquat flower tea. LWT- Food Science and Technology, 63, 14-20.
https://doi.org/10.1016/j.1wt.2015.03.090.

Ziolhagh. S. H. R., Babakhanzadeh Sajirani, E., & Hosseini, S. A. (2022). Investigation the effect of drying
temperature on weight loss and color of the petals of Rosa damascena Mill. Medicinal Plants:
Mechanization and Processing Congress. Feb. 21-23. Imam Khomeini Higher Education Center, Karaj,
Iran. (in Persian)

Agricultural Mechanization & Systems Research
25(89), 2024

v


https://doi.org/10.22067/jhorts4.v0i0.42865
https://doi.org/10.1016/S0260-8774(03)00195-X
https://doi.org/10.1016/S0260-8774(03)00195-X
https://doi.org/10.1016/j.lwt.2015.03.090

Agricultural Mechanization and Systems Research/\Vol.25/N0.89/Spring 2024/P:31-48 f L }

T Journal Home Page: https://amsr.areeo.ac.ir

Research Paper

Investigation of Rosa Flower Bud Drying Kinetics, Total Phenol

and Color Indices Variations at Different Drying Methods

O. R. Roustapour*, A. Golshan Tafti, H. R. Gazor and F. Sefidkon

*Corresponding Author: Associate Professor, Agricultural Engineering Research Institute, Agricultural Research,
Education and Extension Organization (AREEO), Karaj, Iran. Email: roustapour@gmail.com

Received: 19 November 2024, Accepted: 18 January 2025

https://doi.org/10.22092/amsr.2025.367749.1505

Abstract

Production of dried Rosa flower bud with high quality of color and essential oil is concerned for related
industries. Six methods of drying process including shade drying (control), indirect solar dryer, cabinet dryer
in three levels of inlet air temperature (40, 50, 60°C) and freeze dryer were compared in order to dry flower
bud. Kinetics of drying, color indices and total phenol were determined in three replications and compared
for the sixth drying methods. Results showed that the highest intensity of drying occurred in cabinet dryer
(60°C) and the lowest intensity of drying occurred in freeze dryer. The phenol reduction in buds dried in
cabinet dryer (40, 50, 60°C), solar dryer and freeze dryer were 12, 17, 21.7, 26 percent respectively, compared
to control (shade drying). The maximum color index (L*) in the inner and outer petals of dried buds happened
in freeze dryer. This index in the inner and outer petals of dried buds dried in cabinet dryer (50°C) was 5 and
1.93 percents less than the index in the petals dried in cabinet dryer (60°C). The prolongation of drying
process caused decrease in the brightness of petals. The maximum value of a* index (25.61) was observed
in the outer petal buds which dried in cabinet dryer (50°C). No significant difference was shown in the b*
index in the outer and inner petal bud, dried in cabinet dryer (50°C), solar dryers and in shade.
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