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ABSTRACT

Small cardamom (Elettaria cardamomum Maton) is an Indian native and one of the most
sought-after spices, maintains a notable place in the global spice market. Cardamom capsules
contain about 75% (wb) moisture at the time of harvesting, and the capsules are dried
immediately after harvest for prolonged storage. Typically, kiln dryers are used to dry the
cardamom capsules which take about 36 h. For optimal retention of color and aroma, this
drying time should be significantly shortened by implementing suitable fast drying
technologies. Fluidized bed (FB) drying offers significant benefits among different drying
techniques, including high heat and mass transfer, consistent moisture reduction with short
drying time, and high drying rate. As an advancement to the traditional fluidized beds,
vibratory fluidized bed (VFB) drying is an emerging technique which combines vibration and
air vertical air movement towards the drying bed. With this background, the objectives of the
present investigation were to understand the physio-chemical characteristics of freshly
harvested small cardamom capsules, to analyze their colour and aroma changes during
convective drying and to develop a VFD assisted drying protocol for the optimum retention
of their colour and aroma attributes during drying.

Engineering properties such size, sphericity, thousand capsule mass, density, porosity, angle
of repose, and terminal velocity of the freshly harvested small caradmom capsules were
measured using standard protocols. Moisture sorption isotherms of cardamom samples were
determined at 20, 30 and 40°C with water activity levels ranging from 10 to 90%. Color, and
aroma kinetics during convective drying were determined at constant air velocity 1.5 m.s™* at
40, 50, and 60 °C. The essential oil was extracted from sample using hydro-distillation
technique. Investigations were carried out at temperatures of 40, 50, and 60 °C, air velocities
of 1, 3, and 5 m.s’%, and vibration amplitudes of 0 (no vibration), 1, and 2 mm in a developed
VFB dryer. Artificial neural networks (ANN) and genetic algorithms (GA) were used to
optimize the process parameters using MATLAB. The essential oils yield and 1,8-cineole,
and o-terpinyl acetate were maximized while drying time and color change values were
minimized. The total energy consumption at different drying experiments in the VFB dryer
was obtained by the summation of thermal energy consumed to dry cardamom and the
mechanical energy consumed by blower and the drying unit to induce vibration. To
investigate the effect of temperature, air velocity and vibration on the drying Kkinetics, colour
change, aroma change (essential oil yield) and quality of essential oil (1,8-cineole and
terpinyl acetate), the output surfaces were drawn on the basis of the developed ANN model.

The physical properties of small cardamom were significantly dependent on the moisture
content with high correlation coefficients (p<0.05). The sorption isotherm data exhibited type
III BET categorization curves. The Caurie model was found to be the most effective
empirical model for predicting the moisture adsorption isotherm across the entire range of
relative humidity values. The glass transition temperature was found out to be 98.91 °C.
During hot air drying (HAD) of cardamom, the total drying period was found out to be 52,
38, and 34 h at the drying air temperature of 40, 50, and 60 °C, respectively. Effective
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moisture diffusivity was found out to be 1.62x10%, 2.51x10® and 3.64x10® m*s™! at 40, 50
and 60 °C, respectively. The activation energy was found to be 34.96 kJ.mol™. The colour
change value increased with drying time during convective drying. Essential oil yield
increased with drying time and released more variety of volatile components during the
drying process. In most samples, the major dominant components 1,8-cineole (>25%) and a-
Terpinyl acetate (>25%) were found. Esters, alcohols, and alkenes were the compounds of
small cardamom that were most significantly impacted with longer drying times, according to
the PCA loading plot of the compounds at three temperatures. The drying time for VFB
drying process of small cardamom ranged from 5.5 to 19 h, which is much shorter time than
the conventional drying process. Optimum drying conditions predicted in the VFB dryer were
drying temperature of 40 °C, drying air velocity of 3 m.s™ and vibration amplitude of 2 mm.
The effective moisture diffusivity during VFB drying increased with the increase in drying
air temperature, air velocity and vibration amplitude, which indicated that there was an
existence of external mass transfer resistances. The activation energy for the VFB dryer was
calculated to be 19.26 kJ.mol'! in the absence of any vibration, and the value decreased from
21.41 kJ.mol™! to 16.17 kJ.mol"! when the amplitude of vibration increased from 1 mm to 2
mm. The minimum energy requirement to dry 1 kg cardamom without vibration is 27.48%
less than that with vibration. The drying efficiency of VFB drying was found be more than
hot air convective (HAC) drying.

The present research investigated the engineering properties of cardamom which would serve
as a basis for the development of dryers like vibro-fluidized bed dryer. The VFB drying
would be one of the ideal drying systems for the optimum retention of green colour and
typical aroma of cardamom capsules with reduced drying time, thereby would reduce energy
consumption, and increase drying efficiency. For drying high-value spices like small
cardamom, the VFD dryer could be one of the suitable drying techniques.

Keywords: Spice drying; Small cardamom; Engineering properties;, Moisture sorption
isotherm; Colour kinetics; Aroma kinetics,; Vibro-fluidized bed dryer,; Drying efficiency; Cost
analysis
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BT SAET (TACRAT SAHH Her) T HRA Jd Hardt 8 SR a9 1f¥e 1 aral
ATdl ¥ ¥ U@ §, S Ay I SR § U6 S RITH & 81 el & 965
ST A | ATHT 75% (wb) THI Bld §, 3R T I d% HSRUI & oY Fes &
IR IE HYA DI JERT o1 § | STHIR W, AR HRIA B G@H b oY fher SRR
BT SUTNT a1 ST g ORI TRTHAT 36 6 T & | T 3R Y & STaH TR&UN & forg,
UG doit I @ are WeNfifedl B AN SR 59 J@H & T B HH! HH fbal
ST A1ReY | adied foRaR (Tl Jam 3 fafta gam &t desiie! & o Agayul arH
firerd 8, forH S a1 3R SoadM RIMIRUI, HH @M & 959 & 1Y TR 765 §
FH 3R T Y@M BT R M 3| TRIRSD Gagad fSR] B Wi & =Y H, HU-ga
edipd AR (@NUhe) YO T IHRA 88 db-ieh & o) @M arel faweR &1 3R b
3R 91g SHeEieR arg 1fd Bl Sl 31 39 YEYH & 1Y, IAHM Siid BT 3= droll dre!
TS DI SAT FYA DI HifdH-IAAAS ARS8 BT THSAT, Fag-t & & SR
I T 3R oy § gRad- o1 I S 3R P T F 3P WU & g

NN

JUmS! TRl U YW eI ol (9 Rid &A1 AT 3R @M & SR oY & o7

e Ueidid &I ITAN BB Sol-aRTT o1 o THR, MATGRA, IR HRd
SOIHM, Y, IR, fasmd &1 P01 3R dToT PIe MU B A HA & fH-d av
I AT T 7| A & A &) 0 GRa- B GHaT J@T¢ 20, 30 3R 40 °C. W
fufd &1 7, for s o Tfafafd &1 W 10 T 90% T oT| T8 Y@M & SR 1T 3R
Y AT B 40, 50 3R 60 °C. W FRAR I A7 1.5 THEY-1 W R4 fasar mar a1
gRgl-fEReaR de-ld &1 SUANT B T ¥ HTa=RID ddl HebTall 11| Th fawRid
et SRR H 40, 50, 3R 60 °C. & ATUHM, 1, 3, 3R 5 ms” & aRF A7, 3R 0 (PIs HUA
g, 1, 3R 2 mm & HUT AAH W ST BI T51 MATLAB &1 ITANT B Ufeha
YS! HY B B & o ST dieT Aead (@uAE) 3R e Tanfen
(STT) T IUTNT fHam 1 U1 3aeae ddl o IusT 3R 1,8-RAshd, 3R o-RfufAa
wHiee & ey forar war Safes JE™ &1 96y 3R 11 uRads gedi &1 &1 faar
T dwet SRR | fafid Y@ are T & $d $oll @ud SAdd! & g@H & g
JUd B T3 AU FHolf 3R S0 IAT B & AU s@eR 3R @M arell ShTs gRI
Qud $I 5 IS Holl & I A U $I T3 AT @ b fdsbt, I uRadH, oy
gRadT (3MaRTH dd IUS) 3R 3P ad (1,8-RAsha 3R RfUfAd wifiee) &t
UG UR AT9H, 9 o 3R &0 & YU P offd HRA & Y, 3AT3eYS Tdg! ol
YR TR TR foran o o1 fasRyd Te-uA Aisd &1

BIC TAT & Hifdd 01 I g9 UMD (p<0.05) P AT TH B AH IR HTH! §g
b R &1 TR 3ol IeT 3 USR 111 discl arffeur ag uerid feu| amier smdar
ed! @t Tyt sRgar & 7 TR el &t yiawramlt & ot HI8 Aied & gad g
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IS AISd Ul TTT| SHid HehHUT dATIHT 98.91 °C. TTIT 7T | et bl T gar o
O (TS & R, @& a1 §aT & dTIHM 40, 50 3R 60 °C. TR $o F@H B a1y
HHTT: 52, 38 3R 34 B TS T 40, 50 3R 60 °C. T YU TH TR HH: 1.62x10°,
2.51x10° 3R 3.64x10" m2.s™! UTIT TAT| WIHATT Foll 34.96 kJ.mol”! TTE 718 | Fag- @M
& SR GO & THT & A1 1 GRac &1 G 96 17| & & G0 & 1Y HTaRIH
A B IS | (G B3 AR GG BI UichdT & SR 3P TSR & 3R ged oIk gu|
SITRTRT T B, T T U 1,8-RMSNT (>25%) 3R o-cx UM TIHICT (>25%) UTT
Y| i ol R Aiffe! & TR aife @Wic & $uR, TR, 3edied 3R 3eh~
BT AT & AT & S dd T 96 @A & 1Y TN 31w guifad gu g1 B
AR P A @M &1 UfehdT & ol @™ &1 T 5.5 9 19 € & g, Sl URURS
@ @ UfehdT &1 ga-1 H §gd HH IHG | dUha! SRR H A1 SPaH ga@H &1
U 40 °C. 4T JEM BT AYAM, 3 THUY-1 BT J@H a1 ag 37 3R 2 Bl &1 o
3T YT diuwe WM & SR GHTE T &7 TR Y6 gdl & diadH, arg o 3R
ST M H gig & Y 9¢ T, Y Iha fiear € 1 a6 gorHe RFiaR
gfeRiel &1 ffedd o1l fe oft Hu &f srufRufa & il SRR & faQ aforaur St
D1 UM 19.26 kJ.mol! BT T8 A, 3R S U BT MATH 1 Y §¢ Tl A 21.41 kJ.mol"
'Y YTHR 16.17 kI.mol™! B TATI FH § 2 mm. 1 fovell SA= 1 91 U4 & @M &
o < qH SoTl 1 I HUT P TIY 27.48% HH ¢ dHs! JEH B @M B
& TH 91g Aag (TaUT) ga™ ¥ i Ui TS|

IAHH XY H SATN &b ST 7O BT S BT 713 o I3H-IASSHS 38 AR o
SRR & fasrd & iU YR & =0 T &1 S| VEB &M HH JEH & 9T & 1Y
S HRA & 8L 1 3R AR iy & Hf¥wHay s8I & oy smexl gum
gurferdl # ¥ U g, R $o1l & Wud HH g1 3R JWH &1 g&rdl | gia grft| Bt
AR O 3o Yol aTdl FYTdl ! G&H & ot diuwmel SRR Iugad WM & adb-idh!
A9 TS gl ADal g

PIS: TS JAHT; BICT ST SOIHART T, TH TR SolcH; T T, Iy
Tfae!; [Asl-Tg s 38 SRR; YU BI Géfdl; ArTd [a=ayur
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