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Abstract Results (Continued)

Kale has high nutritive and dietetic value and is particularly rich in antioxidants. | | ‘& [Eiaieieieiibiacs eirerilisn cialefe a/iale ellipicisy ol el e c. Chlorophyll contents
But it has a short shelf life as a fresh produce. To develop a drying method for o :
kale using infrared (IR) heating, shredded kale samples (5 cm x 3 cm) were dried P TR Table 1. Chlorophyll contents of IR and HA dried kale samples
: P T : : : : P S - —~v—IR-60 C Dryi Chl hyll Chl hyll b Total Chl hyll |Chla: Chlb
using IR radiation emitted by quartz tubular electric IR emitters and the quality | | e T s TIRG0C
attributes of dried kale samples were compared to those of hot air (HA) dried o v Y . HA-65 C o d b :
les. The results showed that IR drying at product temperatures of 60°C g : EAR v HAB0 © e L
saronp €sS. o _ ying P P ) 5 IR0 g SN IR,65°C  105.74+954°  48.34+401°  154.08+13.19°  2.1940.17"
65°C and 70°C required 70, 60 and 50 min, compared to 5, 4.5 and 4 h required | | £ RS F IR70C  119764879° 52854503 17261414145 2274020
by HA drying at 60°C, 65°C and 70°C, respectively. IR drying at 70 'C reduced | | = oA € L UL 96484075 560945397  15257+1467° 17240150
the drying time by 190 min or 79%. The infrared dried kale samples had a| | & v HA-60 °C ke AZY U 7793+687° 36234365  11416%1078°  1.69+0.152
significantly higher quality attributes in terms of color, chlorophyll, carotenoids, - . - e LT 76.8616.98° 45.5243.96°  12238+19.47° 2154018
and phenolic and vitamin C contents, and DPPH scavenging activity due to ot oL ————————— B : : o
o S o . L g 0O 30 60 90 120 150 180 210 240 270 300 90 120 150 180 210 240 270 300 d. Carotenoids, total phenolic and vitamin C contents
significant reduction in drying time. The IR dried samples also exhibited similar Drying time (min) Drying time (i)
z‘jehydrattlorl rdatt'ﬁ ?r:rc]l slhr\r)lndkage degree with HA dried s?rr]npc)]lis. 'IC']he_se ﬂnldlnfgs Fig.1. Temperature profile of kale Fig.2. Effect of IR and hot air drying Table 2. Carotenoids, total phenolic, and vitamin C contents of IR and
SMONSHatet] hat e T AyINg 15 a VETy Profising mMethot 107 arying faie 1ot during IR and hot air drying on moisture content of kale samples HA dried kale samples
use as dehydrated chips or rehydrated vegetable. | | | —
IR drying at kale temperatures of 60°C, 65°C and 70°C reduced the drying time
by 190 min or 79%, 210 min or 78% and 230 min or 770/0, Compared to HA IR, 60 °C 15.96+0.72¢d 895.96 +60.16°¢ 153.87 4+ 12.35¢
INtreCdlCHeNR drying at 60°C, 65°C and 70°C, respectively. IR,65C  14.170.68" 834.15:+36.66° 145.16:+12.44¢
IR, 70 'C 12.43+0.61¢ 794.93+18.80P 120.67+10.61°¢
2. Quality of dried kale samples 8.320.37" 693.24+70.132 73.1146.29°
Kale (Brassica oleracea L. var. acephala D.C.) is a leafy green vegetable that has 7.84+0.35P 832,82+ 36.30%° 69.98+6.115
nigh nutritive and dietetic values with cancer preventative properties. However, it 6.06 %0.31° 702.6126.322 54.52+4.97%
nas a short sh_elf life at ambient temperature and can be spoiled _e_asny after | | e. Peroxidase and DPPH scavenging activities
narvest. HA drying of kale takes several hours and has low energy efficiency. The | }.
oresent demand for high-quality products in the snacks food market requires ‘ - | ] Table 3. Peroxidase and DPPH scavenging activities of IR and HA
dehydrated foods produced with less environmental impact retaining the IR dried kale Hot air dried kale Fresh kale dried kale samples
nutritional and organoleptic properties of the initial fresh product. IR drying has Fig.2. Color of dried and fresh kale samples DPPH scavenging
been investigated as a potential method to produce high quality dried foodstuffs, | | o Uy (i [preeih) 2 Cp (el
including fruits and vegetables, due to its potential advantages over conventional IR dried kale samples had an attractive green color than hot air dried samples. IR,60°C  17.35£1.41¢ 3.13£0.15°
: ! ! : : i .. i : .. IR, 65 C 14.69+1.634 3.29+0.162
drying including high drying rate, high energy efficiency, high quality finished | | FEer o e e e s e e e IR,70°C 10874102 3.95+0.21

products, uniform temperature, and low footprints. IR drying was applied in this
Investigation to produce high quality dried kale.

HA, 60 'C 9.05+0.67° 5.07+0.32¢
HA, 65 C 8.921.074P 3.78+£0.19°
HA, 70 C 7.29+0.692 4.62£0.354
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Drying treatment Drying treatment . 0 0 . . .
Fresh kale samples purchased from the local market were washed, stemmed, Fig.3. (A) Crispness, (B) Shrinkage = gj ?nrylzgngfr:(?&ect?;f;ef ?;Ogg;: tfg]rr?e;?élérte; I_?L%? |Cr:1 toazgogé?cs)u;toeo%m signiticant
and shredded into pieces of 3 cmx5 cm. The kale pieces were dried using IR | | © b ying ! P ying -

| I I a a degree, and (C) Rehydration ratio  of 2. The infrared dried kale samples had a significantly higher quality attributes in terms
radiation emitted by three (480 watts) quartz tubular electric IR emitters and IR and hot air dried kale samples ' . P J y nigher g Y L
3 o . . of attractive dark green color, chlorophyll, carotenoids, phenolic and vitamin C
also by HA (2.0 m>/min) by spreading in single layer. IR drying was performed at | contents. and DPPH scavenaing activity compared to HA dried samples
three product temperatures of 60°C, 65°C and 70°C and 3 HA temperatures of g | ’ ding Y P PIES:

IR dried kale samples had a better quality attributes in terms of chlorophyll,
carotenoids, phenolic and vitamin C contents, and DPPH scavenging activity due to
significant reduction in the drying time by IR drying than HA drying.
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1. To study the drying characteristics of kale using IR heating
2. To evaluate the quality attributes of kale dried by IR and HA
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60°C, 65°C and 70°C were used for HA drying. Initial moisture content (MC) of

Rehydration ratio (g/g)

kale was determined by hot air oven drying method (105°C for 24 h) and the MC HA dried kale had slightly better crispness AC kn ()Wledgements

during drying was calculated from the moisture loss by weighing the samples at than IR dried samples. HA and IR dried kale

30 min intervals. Analytical g_rade chemicals WEre us_ed in the determlnatl_on of T Re0° C R65° C R70° C maso° C naest crmaroc o samples had similar shrinkage degree and Authors acknowledge the California Energy Commission (CEC) for funding this
chlorophyll content, carotenoids, total phenolic, vitamin C contents, peroxidase Drying treatment rehydration ratio. research project (# PIR 13-007).

and DPPH scavenging activities of kale samples dried by both IR and HA.
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