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ABSTRACT

The investigation entitled “Effect of drying metloodand packaging
materials on storage stability and quality of ¢kdl was carried out in the
Division of Post Harvest Technology, SKUAST-Kashntghalimar during the
years 2011-12 and 2012-13 to select a best prevtesd and drying method for
getting an acceptable dried chilli which remairasbt during storage. The best
treatment combination was carried over in prepachdli powder which was
packed in three different packaging materials ngnmmletallised laminated
polyster (MLP), low density polyethylene (LDPE) amdcuum packed (VP) in
MLP pouches and evaluated for various chemicalmpaters and water activity.
Physical parameters recorded revealed that freslchidi had an average length
of 11.21 cm, average breadth of 1.57 cm, averageweight of 9.060 g, while as
seed percentage was 34%. Chemical compositioresi fchilli (Kashmir Long 1)
revealed that it contained 80.68% wb (417.75 %dbjstare and 0.64 per cent
reducing sugar, 49.40 mg/100g ascorbic acid, 0.3&ptcaisin and 98.37 ASTA
units capsanthin. The quality with respect to ptxysihemical properties of dried
whole chilli samples and chilli powder was monitbrey drawing periodic
samples during ambient storage period of 120 daysase of solar tunnel drying
the highest ascorbic acid (41.08mg/100g), capsanf{b1.51 ASTA units),



capsaicin (1.07%) and reducing sugar (0.62 %) wasrded in treatment; &t O
days of storage. The treatmeng {Control) recorded the highest moisture
(14.45%db) and non enzymatic browning (0.15) in dued chilli at 120 days of
storage. In mechanical dried chilli samples the hbgy ascorbic acid
(55.51mg/100g), capsaicin (1.09%), reducing su@a61@o) was recorded in
treatment F (2.5% Potassium carbonate+1% ground nut oil+ 0.1#h @cacia
+0.001% BHA per liter (15 min)) in chilli dried &5°C. The highest capsanthin
(134.02 ASTA units) and capsiacin (0.93%) of dreddli powder was recorded
in treatment combination ;Tdried in mechnical dryer and packed in vacuum
packaging. In general pre-treatment Mechanical drying at 46 and vacuum
packaging was found best from all the experimeB&sed on various model
fitting criterion, the mechanical drying behaviafrwhole chillies at 45, 55 and
65°C was found to comply page model, Newton model,dgeson-Pabis model.
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Chapter — 1
INTRODUCTION

Chilli (Capsicum annum L.) from family Solanaceae, is one of the
universal spices and is grown in almost all statdadia for domestic market and
export purpose. The native home of chilli is coestdl to be Mexico with
secondary origin of Gautemala (Siggeal.,2001). In India, only two species viz.
Capsicum annum and Capsicum frutescens are known and most of the cultivated
varieties belong to the speci€psicum annum (Pal et al.,2008). Chilli was
introduced in India by the Portugese in Goa in tiddle of 17" century and
since then it had rapidly spread throughout thentgu(Topuz and Ozdemir,
2007). Chilli is raised over an area of 1832 thodshectares in the world, with a
production of 2959 thousand tons (Satyanarayana\é@rdjaih, 2010). Major
chilli growing countries arelndia, China, Indonesi§orea, Pakistan, Egypt,
Mexico, USA, Italy and Hungary.India is the worleaber in chilli production
followed by China and Pakistan. Andhra Pradeshaslargest producer of chilli
in India and contributes about 26 per cent to tial tarea under chilli, followed
by Maharashtra (15%), Karnataka (11%), Orissa (119t@@dhya Pradesh (7%)
and other states contributing nearly 22 per centhto total area under chilli
(Akpinar, 2002).

Chilli has health benefiting alkaloid compound ihemn known as
capsaicin which gives strong spicy pungent charg@adhnaet al.,2006). The
colour of chilli is due to the presence of red peged carotenoids, the main
being capsanthin, capsorubin, zeaxanthin and cxgpthin. These pigments are
stable in intact plant tissue. However during dgyand grinding to spice powder
carotenoids show auto oxidation due to heat, lightl oxygen (Mangaragt
al.,2001). It is a rich source of vitamin A, C and Eecently Russian scientists
have identified Vitamin P in green chillies whichdonsidered to be important as
it protects from secondary irradiation injury. Is@ prevents the heart disease by
dilating blood vessels. Chilli is an important iadrent in day to day curries,



pickles and chutneys, oleoresins, sauce and essaacprepared from chillies
(Gallardo et al.,2010).

Harvesting is done when the pods are well ripemet @artially withered
on the plant itself. The harvested pods are kepesps either indoor or in shade
away from direct sun light for 2 or 3 days so agéwgelop uniform red colour and
then dried in the sun by spreading them on cleayn mbilythene sheets,
cemented/concrete drying yards etc. Pods are sprgdd thin layers for uniform
drying with frequent stirring to prevent mold gréwand discolouration. The
initial moisture content of chillies ranged fromA00 per cent (db) which is
very high for processing and storage. Thereforeggon of moisture in chilli to a
safe level of 8-9 per cent (db) becomes necesseiyreb their processing and
storage (Ahmad and Shivare, 2001). Improved drgystem could be used to
ensure cleanliness and uniform colour of the prodlice dried pods are heaped
and covered by clean gunny bags/polythene sheetmyfewaet al.,2006;
Hossain and Bala, 2002).

The moisture sorption isotherms describes relatipndetween water
activity and the equilibrium moisture content forfad product to a constant
pressure and temperature. These help in the opations of process such as
design, packaging and processing problems for ningehoisture changes which
occur during drying, it also helps in predictingeBhlife stability (Figen and
Mustafa, 2001).

In fresh chilli oxidation is catalysed by peroxidasMost of the vitamins,
and pigments are lost during drying. So drying basn used for decades in
chemical and food processing industries for lomgt@reservation of the final
product (Santombi and Sharma, 2008). Drying is néefi as the process of
moisture removal due to simultaneous heat and mnassfer. Moreover it's one
of the oldest methods of food preservation (Gugtal.,2002). The chilli is very
sensitive to temperature. Normally, conventional am drying temperature is

maintained between 50-70°C. Due to the long drypngcess, the problem of



darkening of colour, loss in flavour and decreaseehydration ability occurs.
Longer shelf life, product diversity and substdntralume reduction are the
reasons for popularity of dried fruits and vegetabdnd this could be expanded
further with improvements in product quality anaqgess applications (Jasim and
Shivare, 2001). To prevent significant quality lossd to achieve fast and
effective dehydration various drying techniques ehdeen developed. These
improved methods could increase the current degfreeceptance of dehydrated
foods in the market (Arora and Bharti, 2005).

The packaging of chillies is also important in tie¢ention of colouring
pigments of dried chillies and vitamin A. Low DetysPolyethylene (LDPE- 37
um), High Density Polyethylene (HDPE-75um) and Misied Polyester
Polyethylene (MPP-12um) are various packaging naseused to store dried
chillies for prolonged period of time (Puggal.,2001).

Control of browning is one of the most importarsiies in food industry as
colour is significant attribute of food which inaces consumer decision and
brown foods are seen as spoiled (Mat al.1999). Therefore several
pretreaments and methods can be applied to avomyneatic browning
(Ajaykumar et al.,2012). An improved method is therefore essentiateduce
these losses. To overcome this problem, the mechlaiying becomes essential.
Mechanical drying produces more consistent qualibduct taking less time and
minimizing crop losses (Wiriyaet al.,2009). With appropriate choice of
temperature and time variation, it is possibleaduce the overall colour change

while maintaining higher drying rates (Williaret al.,2008).

Chilli is commercial cash crop of Kashmir vallewyiag to its demand and
market value the crop is presently grown in variaditional chilli growing belts
and is being promoted in other areas under vegetplbduction scheme of
Department of Agriculture. The harvested chillige d@ried under unhygienic
conditions on road side, or on roof tops. Suddesebaf rains, deteriorates whole

crop due to fungal infestations. The uncontrolled 8rying process takes long



time, and product is subjected to contaminatiomist, dirt and microorganisms.
There is need to develop appropriate scientifiandyyechnology for preserving

the quality characteristics of Kashmir chillies fmtter marketing.

Keeping this in view the comparative studies ofiaas chilli drying
methods and the pre-treatments used for retenfiguality parameters of whole
chillies and chilli powder in various packaging eral were studied during 120
days of ambient storage. Therefore, the presedy stias undertaken to study the

drying and storage behaviour of chillies with tb#dwing objectives:

1) To study effect of different pre-treatments on smd solar drying
characteristics and storage quality of whole asllKashmir Long-
1.

2) To study effect of different pre-treatments and Inagdcal drying

temperatures on storage quality of whole chilliesitair Long-1.

3) To study the storage quality parameters of chihvder prepared
by best method of drying using best pre-treatmentdifferent

packaging materials during ambient storage.



Chapter — 2
REVIEW OF LITERATURE

The red pepper has been used since ancient tinees@asce of pigment to
enhance or change food colour. Its red colour esafrthe prime factors on which
the commercial value of the product rests (Mahaidénet al., 1976) and the red
pepper owes its intense red colour to around 46teaoid pigments synthesized
massively during ripening. Noteworthy among theseotenoid pigments are
capsanthin, capsorubin and capsanthin 5, 6 epoxigieh are almost exclusive to
the genusCapsicum (Davies et al., 1970). With a growing food safety concern
against artificial colouring agents in food indiesy chillies with high colour
value, therefore, appear to be a very promisind. dd& estimated carotenoid
world market for the year 2003 was about $1 bilom is increasing at an annual
rate of about 7 per cent. Carotenoids have recaiva@ased attention in recent
years as a potential nutraceutical component duthdw powerful antioxidant
function (Matsufujiet al., 1998).

Carotenoids are able to prevent degenerative agiisgases, lipid
peroxidation and formation of plaque in arterigseréby helping to prevent
atherosclerosis and coronary disease. Carotenaws dso been demonstrated to
function effectively in boosting the immune systemgainst human cancer
diseases, as well as having an immuno modulatiiegtdby enhancing cell to cell
communication and antibody production. They are aaining popularity in
aquaculture by virtue of their use as feed additivehillies are valued as much
for pungency as they are valued for colour. Thévagbrinciple of pungency in
chillies is capsaicin, which is an amide derivatoferanillylamine and 8-methyl-
non-trans-6 enoic acid (Bernat al., 1993). High pungency chillies are preferred
in the manufacture of pure capsaicin or in the gragoon of pharmaceuticals like
pain balms. Value addition in the spice sectordwseved commendable position
in areas of exports. Oleoresins are one such vatided products that are
becoming increasingly important in the flavourimgld. They are one of the major



ingredients in encapsulated flavours and the deat&oluble spices”. These later
products are being used in ever increasing volumie pickling trade, baking
trade and meat product industry (Berke and Shiedl1 R

Dried chilli and chilli powder are spices used awvdrings or condiments
and are prepared from ripe chillCgpsicum spp.). The most important quality
characteristics in chilli are the colour and purmernThe red colour of chilli is
mainly due to carotenoid pigments (Howam al.,2000; Topuz and Ozdemir,
2007) and its pungency results from the capsaidsosynthesized and
accumulated in the epidermal tissue of the chiliicpnta (Ilwai et al.,1979;
Suzuki et al.,1980). Some steps used in the processing of dried &nd
vegetables include blanching and drying during arapon; drying especially
causes a major loss of colour and texture qualfitthe final product (Vegaet
al.,2008). To improve the quality of dried chilli, insluial dryers are used to
decrease the drying time and provide uniform argldnyc processing conditions.

However, drying chilli with high temperatures leadshe loss of volatile
compounds, nutrients and colour (Kaleemullah anitbi§pan, 2006; Di Scala and
Crapiste, 2008). In general, browning in dehydrategetable products is a major
problem found in the food industry resulting fronotio enzymatic and non-
enzymatic oxidation of phenolic compounds as weliram the Maillard reaction
(Lyengar and McEvily, 1992). The browning reactioten be prevented by
pretreatment methods, such as blanching and chetmézment (Siggeet al.,
2001).

The quality of dried chilli is assessed by a nunmifedifferent parameters
such as colour, hotness, ascorbic acid contentvatatile flavour compounds
(Henderson, 1992; Rutlet al., 2003; Jiang and Kubota, 2004; Kiet al., 2006;
Wang, et al., 2009 and Yaldizt al., 2010). Traditionally, dried chilli is obtained
by sun drying (SD) (Condoet al., 2001). It takes about 7-20 days (depending on
the weather conditions) to reduce the moistureesdrio 10-15 per cent (Oberoi

et al., 2005). Since dried chilli is susceptible to fungabliferation, this process

L]



creates favorable conditions for mycotoxin contahon (Bircan, 2005). To
prevent fungal proliferation, different drying metts have been employed in the

processing of dried chilli.

Currently, hot air drying (HD) is popular for drgnchilli due to a
relatively short drying time, uniform heating andma hygienic characteristics.
The temperature ranges from 45 to 70° C, and ¢hdisaes drying time to less than
20 hrs. This temperature range gives maximum colalues and minimizes the
loss of volatile oils and discolouration (Diaz-Maret al., 2003; lbrahim et al.,
1997; Berke and Shieh, 2001). However, freeze drifiD) is the best method of
water removal as it gives a final product of thgheist quality without heat
compared to other methods of food drying (Irzynét@l., 1995). It has been
found that this is the most suitable drying mettiod maintaining the colour
quality of dried chilli (Park and Kim, 2007). Howay the flavour formation may
not meet the requirement of the consumers. Therefilocus on the effects of
drying methods on the quality, hotness and voldlieour characteristic of dried

chilli is a must. The literature related to pressemdy has been reviewed as under:

2.1 Physico chemical observations of fresh chillies
2.1.1 Length (cm)

Cultivar Jwala recorded the highest value of fiength 108 mm, followed
by cultivar PC-1 of 99 mm (Garg, 2009). Singhal. (2003) evaluated chilli
genotypes for quality components. They observed tiha fruit length varied
significantly among various genotypes. Cultivar K®810 recorded a fruit
length of 84 mm. However the other cultivars LCAs28nd PC-1 recorded the
fruit length of 75 and 82 mm respectively.

2.1.2 Breadth (cm)

Garg (2009) studied the physical parameters of sautivars (KDCS-810
and LCA-235) of chillies wherein cultivar KDCS-8ldbserved a maximum

breadth of 8.00 mm and cultivar Jwala a minimurg.8fmm.



2.1.3  Fruit weight (g)

While studying the physical parameters of someivaits of chillies Garg
(2009) reported that cv. Jwala recorded a 100 peidgiw of 78 g and cv. PC-1 of
66.2 g. Singhet al.(2003) observed that LCA-235 had highest 100-poidjhtef
65.7g whereas, cv. KDCS-810 recorded 100 pod weify1.80 g.

2.1.4 Seed (%)

A comparative study was done in 4 cultivars (JwBl@;1, KDSC-810 and
LCA-235). The seed per cent in the cv. KDSC-81@reed a highest of 46.7 per
cent seed, followed by cv. Jwala of 42.1 per ckiowever cv. PC-1 and LCA-
235 recorded 40.5 and 39.0 per cent seed respgdiivarg, 2009).

2.1.5 Moisture (%)

Toontomet al.(2012) reported that initial average moisture coni@nd
water activity of fresh chilli were 85.15 per cemd 0.99 respectively in Chee fah

chilli (Capsicum annum Linn. var. acciminatumFingarh).

Nutritional composition of red bell pepper was regabby Famurewst al.
(2006). They observed 74 per cent moisture andg2fat in fresh chillies.
Ajaykumaset al. (2012) reported chemical analysis of fresh chilkes. Tejas

which showed 89 per cent moisture.
2.1.6 Ascorbic acid (%)

Ajaykumaset al. (2012) reported chemical analysis of fresh chilves.
Tejas which showed 29.33 mg/100g ascorbic acid.figsh chillies recorded an
ascorbic acid content of 53.19 mg/100g (Toonsbia., 2012).

Seventeen fresh chilli varieties were evaluated pbysico chemical
attributes by Anantlet al. (2004), amongst which variety PusaJwala had highest
ascorbic acid content of 290.33 mg/100g. Howeveriyaét al. (2009) reported
that fresh chillis contained 344.32 mg/100 g asicaabid.



Aniel and Sape (2009) reported the ascorbic aciderd of chilli at five
ripening stages viz. (M1, M2, M3, M4 and M5) froreventeen cultivars of
Capsicum annuumL and one cultivar oCapsicum frutescentsL. Among eighteen
genotypes theC. annuumvar. IC: 119262 (CA2) showed higher ascorbic acid
content (mg/100g) FW i.e., 208.0+£0.68 (M1), 231.@60(M2), 280.0+0.31 (M3),
253.0£0.34 (M4) and 173.7+0.27 (M5). The study eded that the gradual
increase in ascorbic acid content from green toaredl subsequently declined in
the lateral stages (red partially dried and redty/ fdtied fruits). The variability of
ascorbic acid content in the genotypes suggestshbse selected genotypes may
be useful as parents in hybridization programs todypce fruits with good

nutritional values.
2.1.7 Capsaicin content (%)

Sanatombi and Sharma (2008) reported that thevauliumorok’ had the
highest capsaicin content (2.06%), and was alsanibst pungent with 329.100
SHU (scoville heat unit) while the cultivar ‘Haonodi had the least capsaicin
content (0.17%) with a corresponding pungency aD@® SHU (scoville heat

unit).

Jyothet al. (2008) reported the capsiacin per cent of 21 cagvof fresh
chilli amongst which cultivar BS-35 had highest uaalof 1.47 per cent and
cultivar AKC 89/38 had lowest value of 0.16 pertcen

2.1.8 Capsanthin (%)/ASTA (extractable colour)

ASTA values in 2 cultivars of chiili were studied/ Aleksandra and
Biserka (2004) where cultivar Star Pazora had hightie of 225.95 ASTA units
and cultivar Djala 206.73 ASTA units.

Anonymous (2005) studied ASTA values for 5 chijipés wherein type
Guntur Sanna recorded an ASTA value of 32.11; Tordilli-125.26; Birds Eye
chilli- 41.7; Rymnad Mundu-32.95. However Byadadjiillc recoded highest

L]



ASTA value of 156.9.ASTA colour value showed a g 112+12to 127+6in
paprika samples with different harvest dates (Naana ., 2013)

2.1.9 Reducing sugar (%)

Reducing sugar of 6.51 mg/g in fresh chilli wasomgd byJyothet al.
(2008). Kyunget al. (2012) studied the reducing sugar in 12 differeuitivcars of
red chillis where they observed a range of 5.63-p&r cent (db).

2.1.10 Colour values (L*, a*, b*)

Changes in surface colour of chilli was recorded Algksandra and
Biserka (2004) where the L*, a*, b* values were 489.23.08 and 27.97 in
cultivar Djala and 36.87, 25.78, 31.91 in culti&taraPazova. L*, a*, b* values
were studied by Naimat al. (2013) in paprika where L* varied from 23.98-
27.27.79; a* from 27.16-29.50 and b* from 29.52684.

2.2 Drying methods of chillies

Shivaret al. (1981) established five sets of experiments forndyyof
chillies with and without stalk at 50 or 52°C. Thieyind that all the drying took
place at falling rate period and drying temperate@C is appropriate as it
involves lower energy consumption resulting in loweying costs without loss of

capsaicin content of chilli.

Shrivastavet al. (1990) designed a low cost solar cabinet type dvién
overall dimensions of (1450 x 1463 x 805 mm) to @B/ kg of chillies. The
comparative studies on the effect of bed thicknglsswed that drying time
increases with increase in bed thickness. Dryimg tivas found to be half of the

sun drying.

Zhan (1996) investigated the variations in caroérmgments in chilli
during drying. Ripe fruits were dried at 35°C araimpled at various phases.
Carotenoid pigments in ground meals were determbyedLC. Results showed

that carotenoid pigments increased with drying tinoen 0-84 hr, but decreased



thereafter. Total carotenoid pigment contents atettd of drying, when meals had
a moisture content of 4 per cent, was 19-26 pet lugiher than at the beginning
of drying. When drying was performed in light fot 8r and in the dark between
85-324 hr, meals had carotenoid pigment contentgesCent higher than at the
beginning of drying.

Hossain and Bala (2002) studied the thin layerndyycharacteristics for
green chilli under both overflow-underflow and thgh flow conditions with air
temperature 40-65°C, RH 10-60 per cent and aircitgld.10-1.0 m/s. Single
exponential and Page’s model were used to detertmaethin layer drying
characteristics for green chilli. Both equatioritel well to the experimental data,
however, the Page’s equation described the thierlayying of chilli most
closely. Parameters of Page’s and single expornegiations were expressed as

functions of drying air temperature, RH and airoogly.

Weerachaat al. (2002) studied the drying of chilli in a combinatiof
microwave- vacuum rotary drum dryer. This techniguees designed to combine
the advantages of vacuum drying, used for dryintsige material with evenly
dispersed microwave energy in rotary drum. Therdy\Kinetics and the specific
energy consumption at particular product moistuoaitents were measured
experimentally. Effects of vacuum pressure (60,,1580 mmHg) inside the
chamber and rotational speed of the drum (10, 20 2% rpm) were also
determined. Higher drying vacuum pressure resuttélde lower drying times and
the optimum operating speed to remove moisture fohitlies was 20 rpm. In
general, drying rates increased markedly when tloegss started at a high
moisture content, drying rate was then consistetit the moisture content was
approx. 0.75 per cent dry basis, when it declined@y. Varying drum speed and
vacuum pressure did not affect specific energy wopdion when the moisture

content of the chillies was high and vice versa.



Effect of mechanical drying at temperatures 45, @,°C on quality of
chilli was studied by Sadhna and Bharti (2005) wher variety Punjab Lal
recorded the best quality when dried at 55 °C.

Joy et al. (2001) made studies on solar tunnel drying of rkilies to
improve the quality of dried products. Results ablity analysis of both tunnel
dried chilli samples and those dried by conventiamen air sun drying from
same samples indicated a considerable reductiarying time in tunnel dried
samples, which showed improved texture and hygiguoality over conventional
air dried samples. Chillies dried in solar tunngled were hygienic and showed
high quality over commercially available chillids. solar tunnel dried samples,
drying time was highly reduced when compared toctbramercial samples (Lee
et al.,2004).

A study was conducted by Mangatajal. (2001) to evaluate the
performance of different drying methods, namelyropan drying on cemented
floor, green house-type solar dryer (with natuehtiation system), solar cabinet
dying (natural convection type) and mechanical myyior both unpunched and
punched fresh red chillies of “Jwala” variety. lasvobserved that the time taken
and overall quality for drying was minimum for medical drying followed by

solar cabinet drying, green house type solar drgimdjopen sun drying.

Wiriyaet al. (2009) while studying drying air temperatures aedrchilli
reported best colour attributes with two stage terafures of 70 and 50°C using
sodium metabisulphite combined with calcium chleridrora and Bharti (2005)
reported that the variety Punjab Lal was found beguality when dried at 55 °C
in comparison to “Punjab Surkh, Punjab Guchhed&;1C A study conducted
by Satyanarayana and Vengaih (2010) reported tieatdtying temperature of
55°C was best for preventing the pigment loss dudnying and drying time
required to reduce moisture from 292.5 per cen®.® per cent (DB) varied

considerably depending upon whether chilli podsentbm pericarp type varieties



or thick pericarp type hybrids. The hybrids tooloab40 h to dry where as the
varieties took about 24 h.
2.3 Effect of pre-treatments and drying methods ondrying behaviour

ofchilli

Ahmad and Shivare (2001) studied the effect ofrpeghents on drying
characteristics and colour of dehydrated greeriehilPretreaments investigated
were blanching (9%&for 5 min) followed by dipping for 15 min at room
temperature in either cold water (control), 1000npgpQ solution, 1 per cent lye
solution containing copper sulphate and magnesuphate each at 500 ppm and
1 per cent lye solution containing 0.25 per centgmegium carbonate. All
pretreaments increased drying rate, while blanattedies dipped in 1 per cent
lye solution containing 0.25 per cent magnesiunb@aate retained maximum
colour in terms of Hunter value. Drying kineticsidies revealed that drying took
place under the falling rate period. Page’s modtd well to dying behaviour

data

Guptaet al. (2002) studied the drying characteristics of redlicihey
investigated the effects of pretreatments (potasstarbonate, gum acacia,
ground nut oil containing 1000 ppm TBHQ and blangh{control) on drying
kinetics and product quality of red chillies (v&athi). Pretreated chillies were
dried in a tray drier at 55, 60, 65 or’@0 Inactivation of peroxidase was achieved
by blanching chillies at 98C for 3 min. Physical appearance of dried chilliswa
found to be best when the blanched samples weleedoa gum acacia solution
(0.2 per cent m/v) for 15 min at room temperaturbe falling rate period of
drying came with an activation energy of 41.95 4bhd6 kJ/mol for blanched and
gum treated chillies respectively. With increasediging air temperature, total

pigment content decreased while as non-enzymatieriing increased.

Kumariet al. (2003) studied the effect of different chemicahtreents and
drying methods on the physical properties of akslliChillies were treated with

calcium carbonate, potassium sulphate and potassitrate and dried by open



yard sun drying, tray drying or solar drying, peddth, time taken to reach a safe
moisture content (8-10%) and percent of damage wesasured. No marked
differences in pod length due to different dryingthods, chemicals and their
interation were observed. Visual differences dueditging methods were seen
while tray drying was most effective method andsealileast wrinkles on pods
after drying. Pod colour after drying was brighd fer tray drying, red for solar
drying and light red for open yard sun drying meihoTime to reach a safe
moisture content was influenced by drying methodenghin tray drying was

superior and resulted in lowest percentage on dadhpgds.

Jasim and Shivare (2001) studied the effect oftm@atments on drying
characteristics and colour of dehydrated greeriehibind reported blanching in
hot water at 95°C for 5 min followed by dipping ldks in solution containing 1
per cent lye and 0.25 per cent magnesium carbaiat@om temperature for 15
min and drying at 60°C resulted in retaining maximgreen colour in the dried
product. Guptaet al. (2002) reported the inactivation of peroxidase emzyand
best quality by blanching chilles at 90 °C for 3hotes in hot water followed by
soaking in gum acacia (0.2 per cent m.v) for 15ut@a at room temperature.
Eleyinmiet al. (2002) reported the samples soaked in sodium cdoand
potassium metabisulphite gave better mineral retenvalues than blanched

samples.

2.4  Physico-chemical properties of dried whole chiland chilli powder
2.4.1 Moisture (%)

Kwanhathagt al. (2012) studied the effect of sulphur dioxide ¢pOn
chilli Jinda variety Capsicum annum L.) after soaking fresh pods in 200, 1000
and 2000 mg/kg sodium metabisulfite (820s) for 30, 60 and 120 min. They
reported that the dried chillies had a moisture (&)ge of 7.3- 8 per cent and
water activity (@) range of 0.31-0.34. However in chilli powder,eafstoring the

samples at 40°C in polypropylene bags for 30 dagdles for the moisture



content and water activity increased significarilyabout 9.2-9.4 per cent and
0.45-0.50 respectively.

Puraet al. (2001) while studying the packaging and storagelistu of
chillies revealed that the moisture content of &id 41.2 per cent were critical for
facilitating mould growth in them. But initial mdige contents of 10.45 per cent
at 64 per cent RH and 9.60 per cent at 57 per Réhtvere found critical for
storage of these varieties respectively. Underi¢edconditions 300 gauge high
density polyethylene (HDPE) films were suitable fosckaging Guntur and
Byadigi whole chillies in unit packs of 250 g.

Ayharet al. (2009) reported the moisture content (%owb) of gapwhich
ranged 4.64 to 5.02 per cent in freeze dried amh alried paprika. However the
water activity ranged from 0.328 to 0.329 respeatyiv

A comparative study was conducted to evaluate teyond methods with
respect to temperature and time combinations.Rresatvested Byadgi chilli
fruits were treated with dipsol, potassium nitratel citric acid and dried in solar
tunnel dryer and open yard drying. It took 39 haardring down the moisture
content of chillies from 339.14 per cent (db) toQper cent (db) in solar tunnel
drying as against 57 hour under open yard dryingr(Maet al.,2011).

Wiriyaet al. (2009) studiedlabscale tray dryer in order to redihe quality
loss caused by sun drying. Different drying tempeeafrom 50-70°C were used
to compare with sun drying. It was observed that ritoisture content of chilli
obatained from the different conditions were 9.721fher cent while as water

activities were 0.42-0.48.
2.4.2 Ascorbic Acid (%)

Daoodtt al. (1996) reported a dramatic decrease in ascorbet amitents
of red pepper during drying. However they also ol that the natural drying
was more destructive than forced air drying. Howetra. (1994) reported that 75



per cent of ascorbic acid in red pepper was losindudrying, with the final
content of ascorbic acid being in the range of 1290100 g.

Markuset al. (1999) reported that the ascorbic acid in the Huagared
pepper stored at 0°C was in a range of 3.7 to &®)800g. Vegeaet al. (2008)
studied the effect of air temperature on qualityloéd red bell pepper on 4 inlet
temperature 50, 60, 70, 80°C and pretreatmentsN&aC}h, NaS,0s and
reported that the air drying temperature had ardetrtal effect on the retention of
ascorbic acid as heated air inherently exposesptbduct to oxidation hence

reducing their ascorbic acid.

The ascorbic acid (mg/100g) of variety Tejas oédrchilli pretreated with
ascorbic acid and NaCl was reported by Ajaykienal. (2012). Pretreatment
with ascorbic acid and drying temperature 70°C ghaeehighest ascorbic acid of
51.56 mg/100g. However pretreatments blanching digohg temperature 60°C
showed the lowest ascorbic acid of 30.40 mg/10@gnionet al. (2012) reported
that the ascorbic acid of all dried chilli varieetWween 14.21 and 51.55 mg/100g.

Wiriyaet al. (2009) reported a significant effect of methodsdofing on
ascorbic content of dried chillies. The highestwalic acid of 49.31 mg/100g was
reported in chilli dried at 50 °C while as the I@tvef 35.76 mg/100g in sun dried
chillies. Palet al. (2008) while studying heat pump drying of green stygepper
at 30, 35 and 40 °C and hot air dryer at 45°C Rithranging from 19-55 per cent
reported the significant retention of total chldmglp content and ascorbic acid
content in heat pump dried samples. The qualityarpater showed a decline in

trend with increase in drying air temperature fr8045°C.

Famurewat al. (2006) studied dehydration of osmosised red bedppe
The osmosised sample was finally subjected to &etrging, oven drying and
solar drying. After drying, the proximate compamitj vitamin C content and
water absorption capacity (WAC) of the samples waaralysed. The vitamin C
and WAC contents were 150 mg/100 g and 100 perwentl25 mg/100 g and



350 per cent v/iw, 100 mg/100 g and 250 per cent ¥28 mg/100 g and 300 per
cent v/w and 200 mg/100 g and 50 per cent v/w &nasised raw, freeze dried,
solar dried, oven dried and raw pepper samplesectisply. These results
indicated that freeze drying method was the beghadkethat resulted in the less
reduction vitamin C content of the pepper afterirdyyand had the highest water

absorption capacity.
2.4.3 Capsaicin content (%)

Wang et al. (2009) while studying the capsaicinoids in chilepper
powder as affected by heating and storage methegsted that low temperature
storage improved retention of capsaicinoids andivacpackaging provided extra
benefit. However at temperatures >190 °C, capsasrid dihydro-capsaicin

degraded rapidly.

While studying the drying kinetics of red chilliéBb-Lal, Pb-Guchhedar,
Pb-Surkh and CH-1) Aroret al. (2006) reported that Pb-Lal has highest capsaisin
content of 532.08 pg. The decrease in pungencyhefchillies due to higher
temperature of drying was observed by Kaleemulladh ldailappan (2006). The
average capsaicin content of chillies decreaseaa 0660 to 0.34 per cent as the
air drying temperature increased from 50-65°C.

Toontorret al. (2012) reported the capsaicin content and hotnesdsiex
chilli from freeze drying, hot air drying and sugihg. They observed that
capsaicin content and hotness from all drying natheere higher than fresh
chilli samples. The lower capsaicin content in lreshili may be due to

peroxidase enzyme by catalytic activity.

The capsiacin content of dried Indian chillies mégd by Prasanth and
Ponnuswami (2008) in Indian chillies ranged frorh730.226 per cent. The effect
of solar tunnel drying on the quality of dried dikilwas reported by Jogt al.
(2001). The capsaicin per cent by weight was 0.20qgent. Leeet al. (2004)



reported capsaicin content of Korean red pepperdpowanged from 28.18 to
32.35 mg/100 g.

2.4.4 Capsanthin (%)/ASTA (extractable colour)

Sunat al. (2006) reported the ASTA colour values for Modifiktéthod
(MM) and Conventional Method (CM) of drying were41@+0.69 and 107.4+1.25
respectively. ASTA colour values between MM and @Mde little difference
although the pigment in drying by the MM was slighthore conservative by than
in CM.

Kimet al. (2004) attributed the ASTA colour value to caroteéscsuch as
capsanthin, capsorubin afiecarotene. Effect of selected pretreatments omdryi
characteristic and colour of chilli was investightey Jasim and Shivare (2001).
Chillies pretreated with blanching using 1 per dgatsolution and 0.25 per cent
MgSQO, dip showed maximum colour retention.

To improve the product quality/microwave assisteduum drying was
studied by Sankrit and Nantawan (2009). Red chitttreated with soaking in 0.5
per cent citric acid solution and then drying a2QW microwave power and 160

mmHg had significant effect on the colour and pigtretention.

Ljuboet al. (2007) observed the highest extractable colour @7® in
pepper powder at 0 days of storage. However d<atidin resulted in the
deterioration of the colour as a consequence theesuned ASTA value of 95.06

per cent.
2.4.5 Reducing sugars (%)

The reducing sugar level of dried red chillis wéretween 4.99- 5.26
mg/100g. However decrease in reducing sugar ragulin the browning
compounds due to non-enzymatic browning reactidwéden reducing sugar and
amino acid (Wiriyaet al.,2009).



A comparative study of variety (Tejas and NP-46) samperature (60°C
and 70°C) was observed by Ajaykurgtaal. (2012). The variety NP-46 dried at
70°C and pretreatments NaMS+Caibiserved the highest reducing sugar (mg/g)
of 298 while as variety Tejaspretreated with blamghand dried at 60°C

recommended the lowest reducing sugar of 41mg/g.
2.4.6 Colour value (L*, a*, b*)

The colourimetric values of red pepper dried by Miid CM were
L*=38.09, a*= 36.78 and b*= 30.71 and L*=34.62, a?9.61 and b*= 26.26
respectively. The Modified Method (MM) of drying ®ied higher b values of
lightness, redness and yellowness than Conventibtehod (CM) of drying
(Sunaet al.,2006).

Ramakrishnan and Francis (1973) showed that a neajour change in
heated paprika was due to large increase in theeobof brown pigments. Park
and Lee (1975) reported that the brown pigmentddinered peppers was due to

high levels of reducing sugars and amino acid éhpeppers.

Low drying rate gave superior colour quality andhd¢e high degree of
dehydration reached the rheology of the product thiedhigh concentration of
pigment give paprika with a dark earthly appeardiviaguezet al.,1994).

L*, a* b* values for surface colour changes in wrd pepper during
storage were reported by Ljubs al. (2007). The pepper stored in ambient
conditions changed its lightness from initial 34.8437.58. Kwanhathdi al.
(2012) studied the quality colour parameters oedirchilli powder treated by
metabisluphite. They reported the L*a*b* values dried chilli significantly
increased with increasing p#&Os concentration. The dried chilli obtained from
soaking in 2000mg/kg N&,Os concentration for all soaking time (30-120 min)
exhibited L* a* b* values of 28.7, 22.8 and 12.Spectively.



Ibrahim and Mehmet (2002) reported the L*a*b* vaue chillies dried at
50 and 60°C. The chillies dried at 50°C showed &lh* of 24.70, 15.42 and
5.89 and at 60 °C and L*a*b* of 22.92, 11.73 an@l/S.espectively.

2.4.7 Non-Enzymatic Browning (NEB)

Absorbance of browning pigments were 0.16 and QrR@ed pepper
samples dried by Modified Method (MM) and Conven#b Method (CM) of
drying (Sunaet al.,2006).

The browning pigments in the non-treated and pratéd samples were
reported by Vegat al. (2008). They observed that pretreated samples showe
lower browning pigments (0.011+0.006Abs/g initiaind than the non-treated
samples (0.038 to 0.063 Abs/g initial dm).

Hayanet al. (1997) studied the oven drying of paprika samplés a
temperature of 40, 60, 80°C and reported that udonng the browning
compounds were formed at minimum level of 28.82 gamt upon drying the
treated samples at 40°Cfor 130 hours, whereasdime results were obtained for
drying at 60 and 80°C for 24-36 hours and less thaours respectively. Paprika
samples dried at 80°C the browning compounds isect# 91.22 per cent at 13
hours of drying.

2.5  Anti oxidant activity of dried chillies

There are growing evidences suggesting that adigoiks may maintain
health and prevent many chronic diseases, suchrasrccancers, cardiovascular
diseases and other aging-related diseases (Thomp884). Antioxidants may
suppress the formation of free radicals, quenclexigting radicals and reduce the
availability of oxygen in biological system to pemt the oxidative damage of
proteins, DNA and lipids in human body (Fairfiei#tial., 2002).

Capsicum cultivars have been identified as potential solanas crop with
high antioxidant activity (Howard et al., 2000). Hot pepper is an important

vegetable crop both economically and nutritionddgcause these are excellent



sources of natural colours and antioxidant compsuldake of these compounds
in food is an important health protecting factohey are also helpful in
prevention of widespread diseases. A wide spectofimantioxidant vitamins,
carotenoids, capsaicinoids and phenolic compoumdspeesent in hot pepper
fruits (Ou et al., 2002). The intake of these compounds in food isngportant
health-protecting factor by prevention of widesprbaman diseases.

As consumption continues to increase, hot peppemsldc provide
important amounts of nutritional antioxidants te tuman diet. Levels of these
antioxidants can vary with genotype, stage of hetfweaturity and plant part
consumed as well as storage and processing camglifMarin et al., 2004) but
maturation affects synthesis of these compoundstwimfluence hot pepper
quality e.g. differences in hot pepper colour, €hapd capsaicin level changes
continuously during maturation. Important nutrierlike ascorbic acid and

provitamin A increased from green stage to thestade (Sidoniat al., 2005).

Sunat al. (2006) reported that the anti oxidant activity astorbic acid
contents of red pepper were significantly affectsd drying conditions. The
AAEAC values for red pepper dried by the modifieeéthods were 34.87+1.18
and 28.05%£1.23 mg/g in the ABTS [(C 2,2-azino-I8sethyl benzthiazoline-6-
sulfonic acid)] and DPPH [(2,2- diphenyl-1- picHiydrazyl)] radical scavenging
assays respectively. While those of red peppeddrethe conventional drying
methods were 10.22+0.16 and 9.43+0.22 mg/g resadgti

2.6 Storage

Krishnamurthy and Natarajan (1973) studied theaggorof whole chillies
in cans and found that samples with moisture cant$nll1.0-12.9 per cent
retained a high colour than samples with moisturatent below 9 per cent.
However samples stored at 11-12 per cent moistonéent turned black while

those at below 7 per cent turned pale in colour

Mahadevaiaét al. (1976) conducted studies on packaging and storage o



dried Guntur variety of chillies in flexible consempackages and revealed that (i)
a moisture content higher than 15 per cent iscatitivith respect of mould
growth; (ii) the discolouration of the red pigmemnt$ chillies was greatly
influenced by moisture and temperature and (iiiglemtropical conditions 200
gauge low and high density polyethylene films wsog&able for packaging of
whole chillis in units of 250 g. The samples exmgbse sunlight were bleached

and showed dull appearance in all types of packages

Purat al. (2001) made studies on storage of commercial Vesiebf
Indian chillies. Capsaicin content decreased wiibragie. Sorption isotherm
studies indicated that initial moisture contentl6f45 per cent at 64 per cent RH
for Guntur variety of chilli was sufficient for safstorage of packaged products
under ambient conditions. Colour of the chilli akarkened due to formation of

non-enzymatic browning.
2.7 Sorption isotherm

Moisture sorption isotherm studies were done byefigaind Mustafa
(2001) wherein they reported that the sorptionhisohs give the characteristic S-
shaped curve, typical of the many sorption isotlsegive the characteristic S
shaped curve typical of the many sorption isotheomthe foods. The sorption
isotherms also show that the adsorption and deearpgsotherm exhibited
hysteresis in which the equilibrium moisture contaras higher in particular
water activity for desorption curve than for adgimmp. The hysteresis was
significant for water activity >0.5 at 30 °C whiiewas insignificant for higher

temperature especially at 60 °C.

Kaleemullah and Kailappan (2004) reported that #usorption and
desorption isotherms exhibited the phenomenon otengsis in  which
equilibrium moisture content was higher at a paféic ERH for the desorption
curve than for adsorption. Furthermore they obgkrtee magnitude of the

hyteresis for isotherms at 25°C exceeds that aC49he hysteresis values



increased gradually nearly upto 0.60-0.65 ERH aftenaards the values
increased sharply upto 0.74-0.76 ERH. The hysteresiues starting declining
after 0.74-0.76 ERH i.e. with increase in tempegtihe hysteresis magnitude

decreased.

Palet al. (2008) studied the thin layer drying experimentdercontrolled
conditions for green sweet pepper in heat pumprday80, 35 and 40 °C and hot
air dryer at 45 °C with RH ranging from 19-55 pent As the temperature
increased, the drying curve exhibited a steepgresibus exhibiting an increase in
drying rate. Drying of green sweet pepper took @laainly under the Falling rate

period.
2.8 Drying kinetics

Vegaet al. (2007) studied the drying kinetics of red bell pepmodeled
at different temperatures (50, 60, 70 and 80°Cgusim air velocity of 2.5 m/s.
The effective moisture diffusivity was between 3.28° and 11.2 x18m%s
within the temperature range studied. The effedenfperature on the diffusivity
was described by Arrhenius equation with an adgtwaenergy of 39.70kj/mol.
The Newton, Hunderson-Pabis, Page and Page modifeztels were applied to
the experimentally obtained moisture data.

The thin layer drying behavior of red pepper slivess investigated by
Akpinaret al. (2003) in a convective dryer. Drying experimentseveonducted at
inlet temperatures of drying air of 55, 60 and @Wahd at a drying air velocity of
1.5 m/s. According to the results, an approximatdndiffusion model could
satisfactorily describe the drying curve of red g with a co-relation co-
efficient (r) of 0.9987.

Kaleemullah and Kailappan (2006) reported that effective moisture
diffusivity (Der) of chillies increased from 3.78x20Go 7.10 x 10 m?%s. As the
drying air temperature of thin layer dryer incrahdeom 50 to 65 °C. The

activation energy of diffusion was calculated as78kj/mol.



Karina and Guillermo (2008) reported that the dffec moisture
diffusivity ranged from 5.01 to 8.32x1fm?s with an activation energy of 23.35
ki/mol. The rate constants increased with tempeeatand product moisture
content. Average activation energies for caroten@dd vitamin C degradation

were 50.1 and 26.9 kj/mol respectively.

Hossain and Bala (2002) observed that the singdereential equation and
the Page equation were used to determine the dl@r drying characteristic for
green chillies. Both the equation fitted well te tbxperimental data. The Page
equation was found to describe the thin layer @pgfrchilli better than the single

exponential equation.



Chapter — 3
MATERIALS AND METHODS

The present investigations entitled, “Effect of idgy methods and
packaging materials on storage stability and qualitchillies” was carried out in
the Food Processing Laboratory of Division of Rdatvest Technology, Sher-e-
KashmirUniversity of Agricultural Sciences and Teology of Kashmir,
Shalimar, Srinagar during the year 2011-2012 ark?ZW13. The materials and
methods applied are described under the followeads:

3.1 Raw material
3.1.1 Fresh chilli samples

Freshly harvested chillies variety (Kashmir Longvigre procured form
research field of the Division of Vegetable ScienBKUAST-K, Shalimar. The
harvested chilliesat red ripe stage were broughtdod Processing Laboratory,
Division of Post Harvest Technology, SKUAST-Kashn8halimar and were kept
in shade for 1 hour to remove field heat. The ldisdiseased and damaged
chillies were removed and sound ones were wash#d tapp water to remove
adhered dirt.

3.1.2 Pre-treatment details

The chillies were pretreated with chemical dips #meh divided in three
equal lots replicated thrice to study the effecswh, solar tunnel and mechanical
drying at 45, 55, 65°C. Before drying chillies wesebdivided into 500 g per
treatment replicated thrice pretreated (Plate-jguthe following dips:



Plate-1: Sorting and pre treatment application of fesh chillies



No. of Pre-treatments X 8

S. No. Treatment details

(To)  Control

(T1))  0.5% citric acid dip (20 min.)

(T2) 1% Potassium metabilsulphite + 0.5% citric acid (&n.)
(T3) 2% Potassium metabilsulphite + 0.5% citric acid §&n.)
(T4)  2.5% Potassium carbonate + 2% ethyl oleate (5 min.)
(Ts) 5% Potassium carbonate + 2% ethyl oleate (5 min.)

(Te)  7.5% Potassium carbonate + 2% ethyl oleate (5 min.)

(T>) 2.5% Potassium carbonate + If¥ound nut oil+ 0.1% gum acacia
! +0.001% BHA per liter (15 min.)

3.2 Experiment No. 1: Effect of pre-treatments, drying methods and
storage period on quality of whole chillies
(Kashmir Long-1)

3.2.1 Drying methodsTwo

Two drying methods(Plate-2) were used to dry thiiet namely:

S.No. Method of drying

1 Sun drying

2 Solar tunnel drying

3.2.2 Sun drying

Triplicate samples (500 mg) of pretreated chillittwinitial moisture
content of 80.686 per cent were spread on alumimays (90 x 60 x 7.5cm) kept
on black polyethylene and were placed under disectight during day time
between 9 am to 5 pm. Samples were given regutamtys to achieve uniform

drying. Weight loss was recorded by weighing sasplger hour on electronic
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Plate-2 : Solar tunnel dryer schematic diagram



balance (Make Citizen). On each drying date thepdesnwere collected in the
evening and kept in perforated and closed polyetig/bags and spread out again
on the following day. The process was repeatedhél drying was achieved to
predetermined moisture of about 10-11 per cent. (Engperature and relative
humidity was recorded during the entire period ofirtg by keeping the
thermometer and thermo-hygrometers (Model 372000r@K) hanging. The
chillies were later packed in re-sealable polythieags for storage under ambient
conditions (27.87+2°C temp) and samples were drain®, 30, 60, 90, 120 days

for further evaluation.
3.2.3 Solar tunnel drying

Preatedchillies were loaded on aluminum trays (960xx 7.5cm) as
described for sun drying. The loaded trays wera {hiat in a solar dryer which
consisted of frame work of #G.1. pipes provided with 5 number of independent
units joined together with nuts and bolts at seleqtoints formed a tunnel like
structure with a length of 450 cm, breadth of 360and a height of 240 cm at the
center (Plate-3 and Plate-4). The dryer was cowertfdan ultra-violet stabilized
white polyethylene (800 gauge; 200 micron) and rfla@s covered with black
polythene. The dryer was provided with a singlerdoal ventilator holes in cross
direction to facilitate the movement of air. Theyahr had a capacity to
accommodate 18-20 trays (90 x 60 x 7.5cm) in aleigyer to facilitate
movement drying operations.The chillies were loadedhe rate of 500gm/tray
and dried to approx. 10-11 per cent moisture.

The temperature inside the dryer was recorded usimgmometers
hanging 90 cm above the tray height. Thermo-hygteméModel 372000
AKTON) was used to measure relative humidity insibde solar tunnel dryer
during drying process. An average temperature 0d4#R°C temp and relative
humidity of 25.48 percent was recorded inside tilargunnel dryer. The chillies

were later packed in re-sealable polythene bagstéwage under ambient
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Plate-4 : Sun and solar drying of pre treated chiles



conditions (27.87+2°C temp.) and samples were drai® 30, 60, 90, 120 days

for further evaluation.

3.3 Experiment No. 2: Effect of pre-treatments mechanical drying
temperatures and storage period on quality of
chillies (Kashmir Long-1)

3.3.1 Drying temperature

Three drying temperatures were used for mechadigalg of chillies:

1, (DY) : 45°C
2, (D) : 55°C
3. (D3) : 65°C

3.3.2 Mechanical drying

Mechanical drying of pretreated chillies was catraut in a cabinet tray
dryer using hot air as drying medium. The dryer kzal facility to regulate air
temperature (£2°C). Three drying temperatwies45, 55, 65 °C were selected to
undertake the drying of chillies. Dryer was preaaaled for 30 minutes to desired
level of air velocity and temperature. 1.5 kg oflickvith predetermined moisture
were spread in a single layer on the aluminum t(@gsx 45 x 6cm) and loaded in
the dryer. Samples were regularly turned to ensarrm drying. Weight loss
was recorded by weighing samples after hourly watisr on electronic balance
(Make Citizen). The drying was considered to be glete when the chillies
attained the moisture content of 10-11 per ceng dtllies were later packed in
re-sealable polythene bags for storage under amlwenditions 27.87+2°C
temperature and samples were drawn at 0, 30, 60,120 days for further

evaluation (Plate-5).



Plate-5 : Mechanical cabinet dryer



Plate-6 : Comparison of best pre-treatments in cHi powder (Kashmir Long -1)



3.4 Experiment No. 3: Effect of packaging materialsand storage
period on quality attributes of chilli powder
(Plate-6)

A. Sun drying and Solar drying was carried out usiegt [pretreatments and
the chillies after drying were powdered.

B. Similarly best pre-treatment and best tempeeatuwere used for cabinet
drying of chillies and chillies were powdered andcled in three
packaging materials

1. Metallised laminated polyster (MLP).
2. Low Density Polyethylene (LDPE).
3. Vacuum packaging (VP).

3.5  Sampling intervals Five

The chillies dried by all the above three methodsenanalysed for various

physico chemical observations at the following stamgpntervals:

1. (&) 0 Day

2. (S) 30 Day
3. () 60 Day
4. () 90 Day
5. () 120 Day

3.6  Physical observations in fresh chillies
3.6.1 Physical observations
3.6.1.1Length (cm)

The length of the fruits from twenty randomly sééet samples in
triplicate of each treatment was measured by vercadliper. Average values

were calculated and expressed in cm.



3.6.1.2Breadth (cm)

The breadth of the fruits from twenty randomly sédd samples in
triplicate of each treatment was measured by vewradliper at middle portion,

base and apex of the fruit. Average values weraitated and expressed in cm.
3.6.1.3Weight (g)

Fresh weight of chilli fruits from each treatmeat 20 randomly samples
in triplicate was recorded and average values waleulated and expressed in

grams.
3.6.1.4 Seed (%)

Seed per cent was calculated by ratio of weighirigid seed and weight of
dried whole chilli multiplied by 100:

Weight of seed

[ =
Seed (%) Weight of whole chill

x 100

3.6.2 Chemical observations recorded in fresh, dried chies and chilli
powder (Plate-7 and Plate-8)

3.6.2.1Moisture (%)

Moisture content was estimated by the method desgriby AOAC
(1995). Weighed 5 g sample in triplicate were diietiot air oven at 6C + 5°C
in pre-weighed dishes for 12 hour till constantgiei The dish with dried sample
was transferred to a dessicator and cooled to teomperature. The dish was then

weighed and moisture content in per cent was calledlfrom loss in weight.
3.6.2.2Ascorbic acid (mg/100g)

Ascorbic acid was estimated by the method as destrby Rangana
(1986) using 2, 6-dichlorophenol indophenol dyeeDgctor was calculated by
titrating 5 ml standard ascorbic acid plus 5 ml J3%etaphosphoric acid against
2, 6-dichlorophenol indophenol till pink colourapped and volume used was

noted.
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Plate-7 : Comparison of sun and solar pre-treated ried chillies (Kashmir
Long-1)
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Plate-8 : Comparison of mechanical pre-treated drig chillies (Kashmir
Long-1)



0.5
Titre value

Dye factor =

Ascorbic acid was estimated by taking 5g of sampbdyme made upto
100 ml with (3%) metaphosphoric acid and filter@tien aliquot of 10 ml was
taken in a titration flask and titrated against-@iéhlorophenol indophenol till
light pink colour appeared (which persisted for déconds). Vitamin C was
calculated using the following formula:

Titre value x dye factor x volume made up
ml of filtrate taken for x weight of sample estiraat

Ascorbic acid (mg/100g) = x 100

3.6.2.3Capsaicin content (%)

The capsaicin content of red chillies was deterchindy
Phosphomolybedic acid method (Thimmiah, 2006).aa@ard curve of capsaicin
was made by dissolving 50 mg of capsaicin in 5@ogtone solution and volume
was made upto 250 ml thereby taking 5 test tubegifstting out 5, 10, 15, 20,
25 ml of this solution in 100 ml flask and makinglwme to 100 ml by dry

acetone and read the absorbance at 650 nm.

However after preparing standard curve 5 ml ofi®&dcent NaOH and 3
ml of 3 per cent phospho molybedic acid were adudiae sample. Shaken for
few minutes, the samples were filtered and alloweedtand for 1 hour and then
centrifuged at 5000 rpm for 5-10 minutes and theodtance was read at 650 nm

using phospho molybedic acid and dry acetone askbla

Kg of capsaicin sample from standard curve x dituti
weight of sample estimation (g) x 1000

3.6.2.4 CapsanthinASTA (Extractable colour)

per cent Capsaicin = x 100

The capsanthin of red chilli samples was measuyethé® ASTA colour
value using spectrophotometer. The ASTA colour @alias measured using the
ASTA analytical method 20.1 (1986). Ground chilfiof100 mg) was added to
100 ml of acetone and then the mixture was stoted eC for 4 hours with

intermittent stirring. The absorbance of an aligabthe transparent extract was



measured at 460 nm using spectrophotometer. ASTucealue was calculated

using following equation:

Absorbance of acetone extracts x 16.4 x |
Sample weight (g)

ASTA colour value =

3.6.2.5Reducing sugars (%)

Reducing sugars were estimated by phenol sulplagric method (Dubois
et al.,1956). Ground chilli seeds 100 mg were hydrolysgdkéeping in boiling
water bath for 3 hrs with 5 ml of 2.5N HCI and aamblto room temperature. The
solution was nuetralised with solid pGOs until the effervescence ceases and the
volume was made upto 100 ml with distilled watee tbontents were then
centrifuged at 8000 rpm for 30 min at 27°C. 1 misapernatant was diluted to
100 ml with distilled water. About 1 ml diluted spha was transferred in test tube
and 1ml of 5 percent phenol, 5 ml of concentratddiairic acid was added. The
mixture was shaken well and kept in water bath ta@ed at 30 °C for 20 min.
The absorbance of the solution was measured an#9@n spectrophotometer.
Reducing sugar in test sample was calculated wtamgdard graph prepared with
standard solution of glucose.

3.6.2.6 Colour values (L*, a*, b*)

The L*, a*, b* colour values were observed by Hunt®lourimeter
(Model CR-2000, Minolta, Osaka, Japan), equippdti wi8-mm measuring head
and a c illumination (6774 K). The meter was calbd using the manufacturer’s
standard white plate. Colour changes were quadtifi¢he L, a, b colour space.

L" refers to lightness of the colour of the samplit find ranges from black = 0 to
white = 100. A negative value of indicates a green colour where the positive
value indicates red-purple colour. A positive vatiiéd indicates a yellow colour

and the negative value a blue colour (McGuire, 1992
3.6.2.7 Non-Enzymatic Browning (NEB)

Non-enzymatic browning (NEB) of red chillies wagetenined by method



given by Leeet al. (1991). Ground chillies 0.1 g were suspended imBf
distilled water. The water soluble pigments wertrasted for 2 hours by axially
shaking at 25 °C and 140 rpm, and then the sluay eentrifuged at 8000 rpm for
8 min. The supernatant was filtered with the 0.4B pore size filter paper to
remove suspended particles. The absorbance ofltiatef was recorded at 420
nm and 60 per cent alcohol as blank using a spawdttometer.

3.6.2.8 Water activity

The moisture sorption isotherms describes relatipndetween water
activity and the equilibrium moisture content forfad product to a constant
pressure and temperature. Water activity was recbby Aqualab water activity
meter (Model series 3TE) and the readings wereectad at 20C (AOAC, 1995).
However, the moisture was recorded by the methedrdeed by AOAC (1995).

3.7 Statistical analysis

Experimental data was subjected to the statistaralysis following
analytical procedures as described by Gomez ande@ofh984). Level of
significance used for F; and t; tests wer® 0% from the table given by Fisher
(1970) and the data collected was subjected testtal analysis using statistical
software “STATISTICA-AG” from Stat Soft (USA) licesed to FOA, SKUAST-
Kashmir, Wadura campus.

3.8 Mathematical modeling of drying curves and formalation (Drying

Kinetics)

Chillies were dried in conventional air dryer adiferent temperatures
viz. 45, 55 and 65C at ambient relative humidity and 1.2 m/s air e&lo The
moisture ratio of chillies during drying experimewas calculated using the

following equation:

MR= M- M¢/ M- Me (Equation-l).
Where, M is moisture content (%dry basis)e i1 equilibrium moisture

content (%dry basis) andJ\Vk initial moisture content (%dry basis)



The drying rate of chillies was calculated by Equadl (Akpinar, 2002).
Drying rate= M+ gt - M, /dt

Where, M 4t IS moisture content at t+ dt (% dry basis)

For mathematical modeling, the drying equationsevtested to select the
best model for describing the drying curve of thdlies. The regression analysis
was performed using the STATISTICA computer program The correlation
coefficient (r) was the primary criterion for sdieg the best equation to describe
the drying curve (Guarte, 1996). In addition, teduced chi-square?) and root
mean square error analysis (RMSE) were used tandiete the best fit. These

parameters were calculated as follows:
%’ = 21 (MRexp - MRy /N-n
RMSE = [1/NZVi2; (MRpre - MRexp)? M2

Where, MRy, is the observed moisture ratio, MRis the predicted
moisture ratio, N the number of observations and rthe number constants
(Sarsavadiat al., 1999).

Three models viz. Newton model, Page model and elsnd-Pabis model

were fitted on the data. The model equations ghsethese models are as:
The Page model:
MR= exp (-kt)
The Newton model:
MR= exp (-kt)
The Henderson-Pabis model:
MR= aexp (-kt)

Where, MR represents the unaccomplished moistunéenb or moisture
ratio, k is the drying rate constant, andnda are constants.

The empirical constants for the thin-layer dryingdels were determined



experimentally from normalized drying curves atfefiént temperatures, which

were evaluated based on coefficient of determing{#%).
The form of linearised Page equation is:
In[-In (MR)]=In (k) + N In

Where, the drying constants, k and N, are deteminfrem the intercept
and slope of the In(-In (MR) vs In curve, respesiyv

The form of the linearised Newton equation is:
In (MR) = -kt + 1

and of the Henderson-Pabis equation is
In (MR) = -kt + a

Where, the drying constants k and a are determireed the slope and
intercept, respectively, of the In (MR) vs. timenat For the Newton equation,

the intercept is set equal to 1.

The goodness of fit for each model was evaluategdan coefficient of
determination R root mean square error (RMSE) and chi-squghe For quality
fit of the model R (coefficient of determination) should be closeotee. As root
mean square error (RMSE) and chi-squaf® &pproach zero, the closer the
prediction is to experimental data. The predictemistare ratio was compared to
the experimental moisture ratio using (RMSE) apt) &s shown in equation
above (Akpinaet al.,2003).



Chapter — 4
EXPERIMENTAL FINDINGS

The present investigation “Effect of drying methodsd packaging
materials on storage stability and quality of ebdl was carried under three

experiments:

Experiment No.1: Effect of pre-treatments, dryingthods and storage period

on quality of whole chillies (Kashmir Long-1).

Experiment No.2: Effect of pre-treatments, mechanurying temperatures

and storage period on quality of chillies (Kashbong-1).

Experiment No.3: Effect of packaging materials atatage period on quality

attributes of chilli powder.

In the above experiments the physico-chemical gntags were assessed
at different storage intervals. The salient findingf the experiments are

mentioned as under:
4.1 Physico-chemical characteristics of fresh chil{Kashmir Long 1)

Table 1 reveals the physico-chemical charactesisticfresh chilli
(Capsicum annum) var. Kashmir Long-1. Physical parameters recorded
revealed that freshly harvested red chilli had eerage length 11.21 cm,
breadth 1.57 cm, average fruit weight 9.060 g asdis®ntent 34 per cent.
Chemical composition of chilli revealed that it t@ined 80.686 per cent
moisture (wb) and 417.75% (db) and 0.648 per cénteducing sugar. It
had an ascorbic acid of 49.4 mg/100g (db), 0.38&pat capsaicin (db) and
98.378 ASTA units capsanthin. The colour valuesaéed that it hadL*,
a*, b* values of 32.666, 20.913 and 35.805 respelsti



Table-1 : Physico-chemical characteristics of fréschilli (Kashmir Long-1)

No. Parameter Mean+SEM
1. Length (cm) 11.21+0.23
2. Breadth (cm) 1.57+£0.04
3. Weight (g) 9.060+0.19
4.  Seed (%) 34+0.70
5. Moisture 417.75 (db),80.68 (wb)x1.67
6.  Ascorbic acid (mg/100g db) 49.4+1.03
7.  Capsaicin content (%db) 0.38+0.007
8. Reducing sugar (%db) 0.648+0.01
9. Capsanthin (ASTA value) 98.378+2.04
10. Colour values:
L* 32.666+0.43
a* 20.913+0.27
b* 35.805+0.47




4.2 Experiment No. 1: Effect of pre-treatments, drying methods and
storage period on quality of whole chillies
(Kashmir Long-1)

4.2.1 Physico-chemical characteristics of dried chii
4.2.1.1 Moisture content (db%)

Effect of pre-treatments, drying methods and gg@rperiod on moisture
(% db) of chilli samples is depicted in Table 2.

The initial moisture content of fresh chillies wé3.68% wb and 418.53%
db. During drying operation there was reductionmoisture content of chilli
samples which was influenced significantly<(9.05) by pre-treatments and
methods of drying. At the completion of drying pess, the moisture content of
open sun dried samples at (0) days of storage igagicantly higher than solar
tunnel dried samples in all treatments. The mogstantent recorded in open sun
dried samples without any pre-treatment was maximidm5% db whereas, the
moisture content of pre-treated samples varied o043 to 13.65% db.
Minimum moisture content (10.43% db) was recordedamples dried by using
T, as pre-treatment solution followed by 10.94%dbsamples pretreated with
Tesolution. The moisture content of chilli samplestla@ completion of solar
tunnel drying was maximum (13.43% db) in contrahpées and a lower value of
9.85 to 12.75%db was recorded in pre-treated sampénimum moisture
(9.85%db) was recorded in samples which were dagdr using ¥ as pre-
treatment followed by 10.19%db in samples preteeatiéh Ts solution

The moisture content of chilli samples increaseding) storage non-
significantly in all samples. Higher mean moistwantent during 120 days of
storage were observed in open sun dried sample®2%3db) compared to
(12.40%¢db) in solar tunnel dried samples.

The mean moisture content of sun dried sampl€0a60, 90 and 120
days of storage was 12.83, 13.19, 13.32, 13.45 aoedpto the lower values of
12.18, 12.61, 12.79, 12.96%db respectively in sdlarnel dried samples,
irrespective of treatments.
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Table-2 :Effect of pretreatments, drying methods ad storage period on moisture (%db) of whole chillis (Kashmir Long-1)

Storage [Days]

............................................................................................................................................ Overall
Treatment Sun drying Solar tunnel drying mean
---------------------------------------------------------- Mean --------------------smssieieieioioiooooiooeooeo-o------- - Mean
0 30 60 90 120 30 60 90 120
To 14.45 15.05 15.36 15.51 15.63 15.20 13.43 14.17 14.53 14.70 1485 14.33 14.77
T 13.65 13.94 14.27 14.33 1453 1414 12.75 13.47 13.85 14.00 14.13 13.64 13.89
T, 13.05 13.75 14.09 14.22 14.35 13.89 12.02 12.75 13.15 13.31 13.45 12.93 13.41
T, 12.52 13.16 13.52 13.68 13.81 13.33 11.64 12.38 12.77 12.95 13.11 12.57 12.95
Ta 12.04 12.69 13.03 13.17 13.28 12.84 11.43 12.17 12.61 12.75 12.88 12.37 12.60
Ts 11.43 12.07 12.39 12.52 12.64 12.21 10.59 11.17 11.36 11.62 11.85 11.32 11.76
Te 10.94 11.64 11.93 12.01 12.17 11.73 10.19 11.28 11.65 11.87 12.10 11.41 11.57
T, 10.43 10.48 11.09 11.20 11.34 10.91 9.85 10.16 11.05 11.23 1142 10.74 10.82
Mean 12.30 12.83 13.19 13.32 13.45 13.02 1147 82.1 12.61 12.79 12.96 12.40
Storage 4489 1250  12.90 13.05  13.21
mean
C.D(p<0.05)
Treatment (T) = 0.623
Storage (S) = N.S
Drying methods (DM) = 0.312
TxS = 1.394
T x DM = N.S
S x DM = N.S
T xS x DM = N.S



Irrespective of drying methods and storage pertbdsuntreated samples
possessed over all mean moisture content (14.77)%atbpared to lower values
(10.82 to 13.89% db) in treated samples. Minimumistooe content 10.82 and
11.57% db was recorded in samples pre-treated Withand Tz solution

respectively.

Irrespective of pre-treatments and drying methdas chilli samples
exhibited non-significant increase in moisture eomtduring 120 days of storage.
The overall moisture content recorded increaseth fid.89% db at O days of

storage to a maximum value of 13.21% db at end6fdiays of storage.
4.2.1.2 Ascorbic acid (mg/100g db)

Effect of pre-treatments, drying methods and g@naeriods on ascorbic
acid (mg/ 100 g db) of chilli samples is depicted able 3.

The initial ascorbic acid content of fresh chsglizwas 49.4 mg/100g (db).
Pre-treatments, methods of drying and storage geridluenced significantly ¢p
0.05) the ascorbic acid content in chilli samplas.the completion of drying
process, the ascorbic acid of solar tunnel driedpées at O days of storage was
significantly (g 0.05)higher than sun dried samples in all treatmeiihe
ascorbic acid content of pre treated sundried sesnypdried from 38.70 to 39.98
mg/100g db at (0) days of storage and control sesnf@corded the ascorbic acid
content of 38.52 mg/100 g db. Maximum ascorbic acidtent of 39.98 mg/100g

was recorded in sun dried samples pretreated witolltion.

The ascorbic acid content of pre-treated solardgldnied samples at (0)
days of storage ranged from 39.47 to 41.08 mg/1d@®cgand control samples
recorded 39.47 mg/100g db ascorbic acid.The cdalnples dried by solar tunnel
drying at O days of storage using pre-treatmenhdd a maximum ascorbic acid
of 41.08 mg/100g db followed by pre-treated samples (40.93 mg/100g db).



Table-3 : Effect of pretreatments, drying methods ad storage period on ascorbic acid (mg/100g db) @fhole chillies (Kashmir Long-1)

Storage [Days]

""""""""""""""""""" Overall
Treatment Sun dryin Solar tunnel drying
------------------------------ moo Mean --------smseeeeeeeeeeeeeeeo oo Mean mean
0 30 60 90 120 0 30 60 90 120
To 38.52 38.20 37.93 37.25 36.98 37.78 39.47 39.29 39.03 38.36 38.07 38.85 38.31
T, 38.70 38.49 38.21 37.58 37.29 38.06 39.62 39.46 39.18 38.55 38.26 39.02 38.54
T, 39.00 38.81 38.54 37.86 37.55 38.35 39.92 39.74 39.48 38.79 38.49 39.28 38.82
T3 39.13 38.92 38.65 38.00 37.73 38.49 40.11 39.93 39.66 39.00 38.73 39.49 38.99
T, 39.30 39.01 38.73 38.00 37.81 38.57 40.38 40.11 39.86 39.11 38.92 39.68 39.13
Ts 39.26 39.05 38.77 38.18 37.81 38.62 40.25 40.02 39.68 39.12 38.79 39.57 39.10
Te 39.90 39.69 39.39 38.62 38.38 39.20 40.93 40.86 40.59 39.84 39.68 40.38 39.79
T, 39.98 39.56 39.38 38.72 38.48 39.22 41.08 40.75 40.67 40.01 39.72 40.44 39.83
Mean 39.23 38.97 38.70 38.03 37.76 38.53 40.22  210.0 39.77 39.10 38.84 39.59
Storage 397, 3949 3923 3856  38.30
mean
C.D(p<0.05)
Treatment (T) = 0.795
Storage (S) = 0.722
Drying methods (DM) = 0.571
TxS = 1.778
T x DM = N.S
S x DM = N.S
TxSxDM = N.S



Irrespective of pretreatments and storage daysehigtean ascorbic acid
values at all sampling dates were observed in galarel dried samples (39.59
mg/100g db) compared to (38.53 mg/100g db) in quendried samples.

The mean ascorbic acid content of solar tunnelddsamples at 30, 60, 90
and 120 days of storage was 38.97, 38.70, 38.0363%g/100g db compared to
the lower values of 40.02, 39.77, 39.10, 38.84m@glAb respectively in open

sun dried samples, irrespective of treatments.

Irrespective of drying methods and storage peti@dsamples pre-treated
with T;solution possessed maximum overall mean ascorlt cmtent (39.83
mg/100g db) compared to minimum ascorbic acid cundé 38.31 mg/100g db

recorded in control samples.

Irrespective of pre-treatments and drying methddas c¢hilli samples
exhibited non-significant decrease in ascorbic amdtent during 120 days of
storage. The ascorbic acid content decreased f@i#23ng/100g db at O days of
storage to a minimum value of 38.30 mg/100g dindta 120 days of storage.

4.2.1.3 Capsaicin content (%db)

Effect of pre-treatments, drying methods and gi@maeriod on capsaicin
(%db) of whole chilli samples is depicted in Tallle

The initial capsiacin content of fresh chillies w@.38% (db). Pre-
treatments and methods of drying influenced sigaiftly (p< 0.05) the capsaicin
content in chilli samples. At the completion of oy process, the capsiacin
content of solar tunnel dried samples at (0) ddystorage was significantly
higher than sun dried samples in all treatment® G#psiacin content of pre-
treated samples varied from 0.893 to 0.939% dumdsied samples at (0) days
of storage. However control samples recorded tlpsaiain content of 0.893%

db.The capsiacin content recorded in open sun daeaples using pre-treatment
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Table-4 :Effect of pretreatments, drying methods ad storage period on capsaicin (%db) of whole chikts (Kashmir Long-1)

Storage [Days]

T LT Overall
Treatment Sun drying Solar tunnel drying
--------------------------------------------------------- Mean ---------mmmmmeeme oS- Mean mean
0 30 60 90 120 0 30 60 90 120
To 0.893 0.844 0.800 0.774 0.727 0.808 0.975 0.918 0.852 0.846 0.841 0.887 0.847
T, 0.893 0.839 0.806 0.779 0.725 0.809 0.993 0.937 0.872 0.862 0.851 0.903 0.856
T, 0.897 0.850 0.823 0.790 0.729 0.818 0.999 0.932 0.880 0.870 0.858 0.908 0.863
Ts 0.901 0.859 0.831 0.806 0.753 0.830 1.010 0.970 0.921 0.890 0.861 0.931 0.908
Ty 0.910 0.871 0.851 0.825 0.774 0.846 1.016 0.974 0.924 0.897 0.871 0.937 0.892
Ts 0.918 0.879 0.859 0.836 0.793 0.857 1.033 0.998 0.944 0.909 0.876 0.952 0.905
Ts 0.925 0.896 0.882 0.852 0.796 0.870 1.053 1.019 0.978 0.945 0.911 0.982 0.926
T, 0.939 0.902 0.908 0.867 0.792 0.882 1.077 1.036 1.000 0.958 0.919 0.998 0.940
Mean 0.910 0.868 0.845 0.816 0.761 0.840 1.020 .97 0.922 0.897 0.874 0.938
Storage o5 0.92  0.90 0.85 0.81
mean
C.D(p<0.05)
Treatment (T) = 0.039
Storage (S) = NS
Drying methods (DM) = 0.020
TxS = 0.088
T x DM = N.S
S x DM = N.S
T xS xDM = N.S



T, was maximum 0.939% db followed by (0.925% db)amples pretreated with

Tesolution.

The capsaicin content of pretreated samples dmelérusolar tunnel drier
ranged from 0.993 to 1.077% db and control sampéeprded 0.975% db
capsaicin. The chilli samples dried by solar tuntgling at O days of storage
using pre-treatment;Thad a maximum capsaicin content of 1.077% followgd
T6(1.053% db).

Higher mean capsaicin content values at all samplates were observed
in solar tunnel dried samples (0.938%db) compane(Di840%db) in open sun
dried samples irrespective of pretreatments amagtodays.

The mean capsaicin content of solar tunnel dreedes at 30, 60, 90 and
120 days of storage was 0.973, 0.922, 0.897, (cBr#pared to the lower values
of 0.868, 0.845, 0.816, 0.761% in open sun driedddsamples, irrespective of

treatments.

Irrespective of drying methods and storage petii@dsamples pre-treated
with T;possessed maximum overall mean capsaicin contel®4Q@ db)
compared to minimum capsaicin content of 0.847% red&orded in control
samples.

Irrespective of pre-treatments and drying methddas ¢hilli samples
exhibited non-significant decrease in capsaicineanduring 120 days of storage.
The capsaicin content recorded decreased from @b at (0) days of storage
to a minimum value of 0.817% db at end of 120 d#ystorage.

4.2.1.4 Capsanthin content (ASTA units)

Effect of pre-treatments, drying methods and gfenaeriod on capsanthin

(ASTA units) of chilli samples is depicted in Taldle

The initial capsanthin content of fresh chillieasv98.378 ASTA units

fresh weight basis. Pre-treatments, drying metlamik storage period influenced



significantly (p< 0.05) the capsanthin content in chilli samplesth#&t completion
of drying process, the capsanthin content of dolanel dried samples at O days of
storage was significantly higher than open sunddsemples in all treatments. The
capsanthin content of pre treated sun dried sanwalesd from 114.06 to 119.45
ASTA Units at (0) day of storage, however contr@imples recorded the
capsanthin content of 113.64 ASTA Units.The capgsantontent recorded in

open sun dried samples using pretreatmenwgd maximum 119.45ASTA units.

The capsanthin content of pretreated samples dnddr solar tunnel drier
ranged from 115.74 to 121.51 ASTA Units and cdrgemples recorded 115.19
ASTA Units at (0) day of storage.The chilli samptkged by solar tunnel drying
at 0 days of storage using pre-treatmenhdd a maximum capanthin content of
121.51 ASTA Units followed by ¢l{121.30 ASTA Units).

Higher mean capsanthin content values during 13@ d& storage were
observed in solar tunnel dried samples (117.38 A8miks) compared to (115.75

ASTA units) in open sun dried samples.

The mean capsanthin content of solar tunnel ds&dples at 30, 60, 90
and 120 days of storage was 118.11, 117.61, 116178,05 ASTA units
compared to the lower values of 116.32, 116.22,2[715114.45 ASTA units

respectively in open sun dried samples, irrespedaifitreatments.

Irrespective of drying methods and storage peti@dsamples pre-treated
with T7 solution possessed over all mean capsanthin cofit&at62 ASTA units)
whereas, minimum capsanthin content of 113.61 ASIKs was recorded in

control samples.

Irrespective of pre-treatments and drying methdds c¢hilli samples
exhibited significant decrease in capsanthin cdntieming 120 days of storage.
The capsanthin content decreased from 117.42 ASii#& at O days of storage to
a minimum value of 115.25 ASTA units at end of t2&@s of storage.
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Table-5 : Effect of pretreatments, drying methods ad storage period on capsanthin (ASTA units) of whie chillies (Kashmir Long-1)

Storage [Days]

Treament . O Overall
""" T e ey Mean e S Mean mean
To 113.64 113.58 113.48 112.68 111.77113.03 115.19 114.93 114.47 113.50 112.88 114.19 113.61
T, 114.06 113.79 113.66 112.64 111.85113.20 115.74 115.54 114.96 114.02 113.05 114.66 113.93
T, 115.62 115.49 115.48 114.48 113.57114.93 116..34 116.12 115.56 114.55 114.04 115.32 115.12
Ts 115.95 115.88 115.83 114.92 114.09115.33 117.71 117.47 117.01 116.13 115.23 116.71 116.02
Ta 116.38 116.21 116.08 114.91 114.36115.59 118.82 118.55 117.85 117.24 116.73 117.84 116.71
Ts 117.39 117.31 117.25 116.51 115.40116.77 120.33 120.28 119.57 118.65 117.96 119.36 118.06
Ts 119.31 119.21 119.12 117.86 117.41118.58 121.30 120.68 120.31 119.83 119.00 120.22 119.40
T, 119.45 119.10 118.92 118.16 117.14 118.55 121.51 121.32 121.13 120.04 119.47 120.69 119.62

Storage 11245 11721 11691 116.00 115.25
mean
C.D(p<0.05)
Treatment (T) = 0.032
Storage (S) = 0.044
Drying methods (DM) = 0.071
TxS = 4.665
T x DM = N.S
S x DM = N.S
TxSxDM = N.S



4.2.1.5 Reducing sugar (% db)

Effect of pre-treatments, drying methods and gf@rperiod on reducing
sugar (% db) of chilli samples is depicted in Tahle

The initial reducing sugar content of fresh obdlliwas 0.648% db. Pre-
treatments, methods of drying and storage influrgignificantly (g 0.05) the
reducing sugar content in chilli samples. At thenptetion of drying process, the
reducing sugar content of solar tunnel dried sasnplie 0 days of storage was
significantly higher than open sun dried samplesllitreatments. The reducing sugar
content of pre-treated sun dried samples variet 9683 to 0.591% db. However
control samples recorded the reducing sugar coot€én682% db. The reducing sugar
content recorded in open sun dried samples usiedgrgatment 7 was maximum
0.591% db followed by (0.590% db) in samples paddiek with Esolution.

The reducing sugar content of pretreated sampled dnder solar tunnel
drier ranged from 0.613 to 0.617% db and conteshgles recorded reducing
sugar content of 0.611% db. The chilli samplesddbig solar tunnel drying at O
days of storage using pre-treatmenthid a maximum reducing sugar content of
0.617% db which was found at par with samples eagtd with Fsolution.

Higher mean reducing sugar content values at afipsag dates were
observed in solar tunnel dried samples (0.533%cdhb)pared to (0.511% db) in
open sun dried samples irrespective of pretreasram storage period.

The reducing sugar content of chilli samples desed during storage
significantly in all samples. The mean reducingasugpntent of solar tunnel dried
samples at 30, 60, 90 and 120 days of storage Ww@4,00.546, 0.487, 0.441% db
compared to the lower values of 0.563, 0.514,4.06425% db respectively in
open sun dried samples, irrespective of treatments.

Irrespective of drying methods and storage petied T; sample treated
with T solution possessed maximum mean reducing sugaerto(@.526% db)
and minimum reducing sugar content of 0.516% db vem®rded in control
samples.
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Table-6 : Effect of pretreatments, drying methodsand storage period on reducing sugar (% db) of whel chillies (Kashmir

Long-1)
Storage [Days]
Treatment Sun drying Solar tunnel drying Overall
--------------------------------------------------------- Mean ----------sseeeemeesemeeoooocTo oo Mean mean
0 30 60 90 120 0 30 60 90 120
To 0.582 0.558 0.511 0.461 0.415 0.505 0.611 0.570 0.542 0.475 0.438 0.528 0.516
T, 0.583 0.561 0.512 0.461 0.418 0.507 0.613 0.570 0.541 0.483 0.440 0.529 0.518
T, 0.584 0.562 0.513 0.464 0.421 0.509 0.614 0.573 0.544 0.487 0.440 0.532 0.520
Ts 0.587 0.564 0.514 0.464 0.422 0.510 0.614 0.573 0.545 0.488 0.440 0.532 0.521
Ta 0.587 0.564 0.514 0.465 0.425 0.511 0.615 0.574 0.547 0.491 0.441 0.534 0.522
Ts 0.587 0.564 0.515 0.466 0.426 0.512 0.616 0.576 0.549 0.491 0.441 0.535 0.523
Te 0.590 0.566 0.516 0.467 0.431 0.514 0.617 0.577 0.549 0.491 0.443 0.536 0.525
T, 0.591 0.567 0.516 0.468 0.439 0.516 0.617 0.577 0.550 0.492 0.444 0.536 0.526
Mean 0.586 0.563 0.514 0.464 0.425 0.511 0.615 4.57 0.546 0.487 0.441 0.533
Storage 1600 0568 0530 0475  0.433
mean
C.D (p<0.05)
Treatment (T) = 0.022
Storage (S) = 0.017
Drying methods (DM) = 0.031
TxS = N.S
TxDM = N.S
S x DM = N.S
TxSxDM = N.S



Irrespective of pre-treatments and drying methdds ¢hilli samples
exhibited non-significant decrease in reducing sugatent during 120 days of
storage. The reducing sugar content recorded dsmtdeom 0.600% db at O days

of storage to a minimum value of 0.433% db at entk0 days of storage.
4.2.1.6 Non enzymatic browning

Effect of pre-treatments, drying methods and gg@ra@eriod on non-

enzymatic browning values of chilli samples hasbaéepicted in Table 7.

During drying operation there was increase in Bo@ymatic browning
values of chilli samples which was influenced digantly (p< 0.05) by pre-
treatments and storage. At the completion of drpngcess, the non enzymatic
browning values of open sun dried samples at (3 dastorage was significantly
higher than solar tunnel dried samples in all tresits. The non-enzymatic
browning values recorded in open sun dried sampldsout any pre-treatment
was maximum 0.150 at O days of storage where asdhesnzymatic browning
values of pre-treated samples varied from 0.1460{49. Minimum non-
enzymatic browning value of (0.146) was recordedamples dried by using; T
as pre-treatment solution followed by 0.146 igpfetreated samples. The non-
enzymatic browning value of chilli samples at th@mpletion of solar tunnel
drying at (0) days of storage was maximum (0.liB5¢ontrol samples and a
lower value of 0.123 to 0.125 was recorded in peated samples. Minimum non-
enzymatic browning values of (0.123) was recoraedamples which were dried
after using Fas pre-treatment followed by 0.124 igpFetreated samples.

The non enzymatic browning values of chilli samspléncreased
significantly during storage in all treatments. kg mean non enzymatic
browning values were observed in open sun driedokean(0.167) compared to
(0.135) in solar tunnel dried samples irrespeatifvpretreatment and storage.
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Table-7 : Effect of pretreatments, drying methodsand storage period on non-enzymatic browning valu¢®D at 420nm) of
whole chillies (Kashmir Long-1)

Storage [Days]

Treatment Sun drying Solar tunnel drying Overal
--------------------------------------------------------- Mean ---------m--mememmeemene oo eooo- Mean mean
0 30 60 90 120 0 30 60 90 120
To 0.150 0.164 0.171 0.180 0.185 0.170 0.125 0.131 0.137 0.142 0.148 0.137 0.153
T, 0.149 0.162 0.169 0.176 0.183 0.168 0.125 0.131 0.136 0.142 0.147 0.136 0.152
T, 0.148 0.163 0.169 0.179 0.183 0.168 0.124 0.130 0.136 0.141 0.146 0.135 0.152
Ts 0.148 0.162 0.168 0.178 0.182 0.168 0.124 0.130 0.136 0.141 0.146 0.135 0.151
Ty 0.147 0.162 0.168 0.177 0.181 0.167 0.124 0.130 0.136 0.141 0.146 0.135 0.151
Ts 0.147 0.161 0.167 0.177 0.180 0.166 0.124 0.130 0.135 0.141 0.146 0.135 0.150
Te 0.147 0.161 0.167 0.176 0.180 0.166 0.124 0.129 0.135 0.140 0.145 0.135 0.150
T, 0.146 0.160 0.166 0.175 0.178 0.165 0.123 0.129 0.134 0.140 0.145 0.134 0.149
Mean 0.148 0.162 0.168 0.177 0.181 0.167 0.124 @®.13 0.136 0.141 0.146 0.135
Storage 436 0146 0152 0159  0.164
mean
C.D (p<0.05)
Treatment (T) = 0.006
Storage (S) = 0.005
Drying methods (DM)= NS
TxS = N.S
T x DM = N.S
S x DM = N.S
TxSxDM = N.S



The mean non enzymatic browning values of surddsamples at 30, 60,
90 and 120 days of storage were 0.162, 0.168, DAL.T81 compared to the lower
values of 0.130, 0.136, 0.141, 0.146 respectiuelgolar tunnel dried samples,

irrespective of treatments.

Irrespective of drying methods and storage petieduntreated samples
possessed maximum over all mean non enzymatic lbmgwwalue of (0.153)

compared to lower values (0.149 to 0.152) in tidkgtamples.

Irrespective of pre-treatments and drying methdas chilli samples
exhibited non-significant increase in non enzymatiowning values during 120
days of storage. The non enzymatic browning valoeseased from 0.136 at O

days of storage to a maximum value of 0.164 ata#ri®0 days of storage.
4.2.1.7 Colour values (L, a*, b*, ¢, hAE)) in sun dried chilli.

The colour parameters of chilli samples after suyind and during
storage as influenced by pretreatment applicatavespresented in Table 8. On
day (0) all the treated samples had highest L*p&;c values which significantly
(p<0.05) decreased with storage period, while as, 0 &E) value had
significantly increased. The untreated samples Ifagdalue of 27.65, whereas
treated samples have L* values of 28.07 to 30.%R)adays of storage.

Maximum L* value of 30.52 was recorded in samplestreated with T
solution at (0) days of storage. The L* values rded after 120 days of storage
varied from 26.46 to 29.15 in treated samples coetpéo L* value of 26.00 in
control samples. Maximum L* value was observedampgles pretreated with; T
solution. The untreated samples had a* value of&lwhereas treated samples
have a* values of 21.96 to 24.23. Maximum a* vatie?4.23 was recorded in
samples pretreated withy $olution at (0) days of storage. The a* valuesmed
after 120 days of storage varied from 19.50 to 225treated samples compared
to a* value of 19.13 in control samples. Maximum \&tlue was observed in

samples pretreated withy $olution. The untreated samples had b* value 08,1
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Table-8 :

Effect of pretreatments, sun drying methd and storage period on L*,a*,b* in of chillies (Kashmir Long-1)

Colour  Storage Treatments
Value days Mean
To T, T, Ts Ty Ts Ts T,

L 0 27.65 28.07 28.37 28.76 29.15 29.46 29.84 30.52 28.98
30 27.27 27.63 27.98 28.4 28.76 29.15 29.54 30.18 28.61
60 26.86 27.26 27.59 28.06 28.43 28.86 29.23 29.84 28.27
90 26.4 26.89 27.23 27.69 28.07 28.48 28.94 29.52 27.90
120 26 26.46 26.88 27.28 27.72 28.21 28.61 29.15 27.54

Mean 26.84 27.26 27.61 28.04 28.42 28.83 29.23 £9.8
a 0 21.76 21.96 22.36 22.75 23.13 23.47 23.88 24.23 22.94
30 21.15 21.36 21.74 22.19 22.53 22.96 23.35 23.79 22.38
60 20.46 20.74 21.15 21.58 21.98 22.32 22.88 23.33 21.81
90 19.77 20.12 20.44 21.05 21.42 21.79 22.3 23 21.24
120 19.13 19.5 19.88 20.36 20.85 21.24 21.82 22.59 20.67

Mean 20.45 20.74 21.11 21.59 21.98 22.36 22.85 3.3
b 0 11.78 11.87 12 12.12 12.22 12.35 12.56 12.68 12.20
30 11.52 11.63 11.77 11.85 11.97 12.14 12.3 12.41 11.95
60 11.35 11.4 11.51 11.6 11.77 11.84 12.04 12.12 11.70
90 11.15 11.15 11.24 11.46 11.48 11.66 11.78 11.92 11.48
120 10.98 10.96 11.01 11.2 11.24 11.36 11.49 11.69 11.24

Mean 11.36 11.4 11.51 11.65 11.74 11.87 12.04 12.16

Contd...
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Table-8 contd...

Treatments

Colour Storage
Value days Mean
To T, T, Ts Ta Ts
c 0 24.74 24.96 25.38 25.78 26.16 26.52 26.98 27.35 25.98
30 24.08 24.32 24.72 25.16 25.51 25.97 26.39 26.83 25.37
60 23.4 23.67 24.08 24.5 24.93 25.27 25.85 26.29 24.75
90 22.7 23 23.33 23.97 24.3 24.71 25.22 25.91 24.14
120 22.6 21.98 22.73 23.24 23.69 24.09 24.66 25.44 23.55
Mean 23.50 23.59 24.05 24.53 24.92 25.31 25.82 @6.3
h 0 28.4 28.4 28.2 28 27.8 27.8 27.7 27.6 27.99
30 28.6 28.6 28.4 28.1 28 27.9 27.8 27.5 28.11
60 29 28.8 28.6 28.3 28.2 27.9 27.8 27.5 28.26
90 29.4 29 28.8 28.6 28.2 28.2 27.8 27.4 28.43
120 29.9 29.9 29 28.8 28.3 28.1 27.8 27.4 28.65
Mean 29.06 28.94 28.60 28.36 28.10 27.98 27.78 7.4
AE 0 0 0.47 0.96 1.52 2.08 2.56 3.14 3.89 1.83
30 0 0.43 0.96 1.57 2.08 2.68 3.26 403 1.87
60 0 0.49 1.01 1.66 2.23 2.78 3.46 421 1.98
90 0 0.60 1.07 1.85 2.37 2.95 3.64 456 2.13
120 0 0.59 1.16 1.79 2.45 3.08 3.78 473 2.20
Mean 0 0.52 1.03 1.68 2.24 2.81 3.46 4.28
CD (p<0.05
Treatment (T) = 0.072
Storage (S) = 0.101
TS = 0.291



whereas treated samples have b* values of 11.82.88. Maximum b* value of
12.68 was recorded in samples pretreated witholution at (0) days of storage.
The b* values recorded after 120 days of storageeddrom 10.96 to 11.69 in
treated samples compared to b* value of 10.98 imrobsamples. Maximum b*

value was observed in samples pretreated witsolution.

The untreated samples had c value of 24.74, whereated samples have
c values of 24.96 to 27.35. The c values recordied 420 days of storage varied
from 21.98 to 25.44 in treated samples compared talue of 22.60 in control
samples. Maximum c value was observed in sampledrepted with T
solution.Maximum c value of 27.35 was recordedamples pretreated with; T

solution at (0) days of storage.

The untreated samples had h value of 28.40 whidbuerd at par with
samples pretreated with; Bolution, whereas treated samples have h values of
27.60 to 28.40. The h values recorded after 12@ dhptorage varied from 27.4
to 29.90 in treated samples compared to h valu9d0 in control samples.
Maximum h value was observed in control sampleqOatdays of storage.
Maximum h value of 29.90 was recorded in contral aamples pretreated with
T; solution at 120 days of storage.

The untreated samples hatE] value of 0.000, whereas treated samples
have AE) values of 0.474 to 3.892. Th&K) values recorded after 120 days of
storage varied from 0.591 to 4.733 in treated sasmpbmpared to L* value of
0.000 in control samples. Maximum\KE) value was observed in samples
pretreated with T solution. Maximum AE) value of 4.733 was recorded in

samples pretreated with $olution at 120 days of storage.
4.2.1.8 Colour values (E, a*, b*, ¢, h (AE)) in solar tunnel dried chilli.

The colour parameters of chilli samples after salamel drying and
during storage as influenced by pretreatment agipdics are presented in Table 9.

On day (0) all the treated samples had highest*|.,b& c values which
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Table-9 :

Effect of pretreatments, tunnel drying méhod and storage period on L*,a*,b* in of chillies(Kashmir Long-1)

Colour  Storage Treatments
Value days Mean
To T, T, Ts Ty Ts Ts T,

L 0 28.7 29.05 29.42 29.82 30.17 30.51 30.88 31.56 30.01
30 28.28 28.66 29.05 29.44 29.82 30.2 30.57 31.22 29.65
60 27.86 28.26 28.66 29.07 29.45 29.86 30.25 30.86 29.28
90 27.43 27.9 28.28 28.73 29.11 29.55 29.94 30.53 28.93
120 27.03 27.51 27.92 28.31 28.76 29.24 29.64 30.2 28.58

Mean 27.86 28.28 28.67 29.07 29.46 29.87 30.26 30.8
a 0 22.81 23.01 23.42 23.78 24.15 24.54 24.93 25.23 23.98
30 22.15 22.39 22.79 23.19 23.58 23.97 24.41 24.83 23.41
60 21.47 21.74 22.15 22.62 22.98 23.36 23.88 24.39 22.82
90 20.78 21.15 21.51 22.09 22.43 22.8 23.37 24.01 22.27
120 20.15 20.52 20.91 21.43 21.87 22.24 22.86 23.61 21.70

Mean 21.47 21.76 22.16 22.62 23 23.38 23.89 24.41
b 0 12.5 12.62 12.76 12.84 12.97 13.14 13.28 13.44 12.94
30 12.3 12.39 12.52 12.61 12.73 12.89 13.02 13.18 12.71
60 12.09 12.16 12.27 12.38 12.48 12.63 12.75 12.91 12.46
90 11.88 11.94 12.03 12.18 12.25 12.38 12.49 12.66 12.23
120 11.69 11.71 11.8 11.92 12.02 12.14 12.24 12.41 11.99

Mean 12.09 12.16 12.28 12.39 12.49 12.64 12.76 22.9

Contd...
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Table-9 contd...

Colour  Storage

Treatments

Mean
Value days To T, T, T, T, Ts Ts T,
c 0 26.1 26.24 26.67 27.3 27.41 27.84 28.25 28.59 27.30
30 25.34 25.51 26 26.4 26.8 27.17 27.67 28.11 26.63
60 24.64 24.91 25.32 25.79 25.99 26.56 27.5 27.6 26.04
90 23.94 24.29 24.65 25.15 25.56 25.94 26.5 27.14 25.40
120 23.3 23.63 24.1 24.52 24.96 25.34 25.93 23.67 24.43
Mean 24.66 24.92 25.35 25.83 26.14 26.57 27.17 27.0
h 0 28.7 28.7 28.6 28.4 28.2 28.2 28 28 28.35
30 29 29.1 28.8 28.5 28.4 28.1 28.1 28 28.50
60 29.4 29.2 29 28.7 28.7 28.4 28.1 279 28.68
90 29.8 29.4 29.2 29 28.6 28.5 28.1 27.8 28.80
120 30.1 29.7 29.4 29.1 28.8 28.6 28.2 27.7 28.95
Mean 29.4 29.22 29 28.74 28.54 28.36 28.1 27.88
AE 0 0 0.41 0.98 1.518 2.043 2.587 3.137 3.863 1.82
30 0 0.46 1.024 1.59 2.143 2.704 3.297 4.072 1.91
60 0 0.49 1.063 1.694 2.227 2.805 3.463 4.264 2.00
90 0 0.6 1.131 1.874 2.384 2.975 3.659 4545 2.15
120 0 0.606 1.176 1.825 2.462 3.075 3.802 4.748 2.21
Mean 0 0.52 1.07 1.7 2.25 2.83 3.47 4.3
CD (p<0.05
Treatment (T) = 0.063
Storage (S) = 0.027
TxS = 0.190



significantly (<0.05) decreased with storage period, while as,ch(AR) value
had significantly increased. The untreated samipdesL value of 28.70, whereas
treated samples have L values of 29.05 to 31.5&iram L value of 31.56 was
recorded in samples pretreated with sblution at (0) days of storage. The L*
values recorded after 120 days of storage variech f27.51 to 30.20 in treated
samples compared to L value of 27.03 in controlgam Maximum L* value

was observed in samples pretreated witsdlution.

The untreated samples had a* value of 22.81 atdéd)s of storage
whereas treated samples have a* values of 23.025t83. The a* values
decreased during storage.The a* values recorded H!O days of storage varied
from 20.52 to 23.61 in treated samples compareat tealue of 20.15 in control
samples. Maximum a* value of 23.61 was observeshimples pretreated withy T
solution. Maximum a* value of 25.23 was recordedamples pretreated withy T
solution at (0) days of storage. The untreated $ssnpad b* value of 12.50,
whereas treated samples have b* values of 12.63.@81. Maximum b* value of
13.44 was recorded in samples pretreated witkolution at (0) days of storage.
The b* values recorded after 120 days of storageeddrom 11.71 to 12.41 in
treated samples compared to b* value of 11.69 mirobsamples. Maximum b*

value was observed in samples pretreated witsolution.

The untreated samples had (c) value of 26.10, edsetreated samples
have (c) values of 26.24 to 28.59. Maximum (c) eatd 28.59 was recorded in
samples pretreated with; Tsolution at (0) days of storage. The (c) values
decreased during storage.The (c) values recorded 80 days of storage varied
from 23.63 to 23.67 in treated samples comparg@d)twalue of 23.30 in control

samples. Maximum (c) value was observed in sangrktseated with Tsolution.

The untreated samples had (h) value of 28.70 wisidbund at par with
samples pretreated with; Bolution, whereas treated samples have h values of
28.00 to 28.70. Maximum (h) value of 30.10 was rded in untreated sample at
120 days of storage. The (h) values recorded afi@rdays of storage varied from



27.70 to 29.70 in treated samples compared to @evof 30.10 in control
samples.

The untreated samples hatE{) value of 0.000, whereas treated samples
have QAE) values of 0.418 to 3.863 at (0) days of storagee (AE) values
recorded after 120 days of storage varied from@1604.748 in treated samples
compared to AE) value of 0.000 in control samples. MaximukE] value of
4.748 was recorded in samples pretreated witkolution at 120 days of storage.

Maximum (AE) value was observed in samples pretreated wigolltion.

4.3 Experiment No. 2: Effect of pre-treatments mechanical drying
temperatures and storage period on quality of
chillies (Kashmir Long-1)

4.3.1 Physico-chemical characteristics of dried chii
4.3.1.1 Moisture content (% db)

Effect of pre-treatments, mechanical drying tempges and storage
period on moisture (% db) of chilli samples is dgd in Table 10.

The initial moisture content of fresh chillies wé3.68% wb and 418.53%
db. During mechanical drying operation there wakicdon in moisture content
of chilli samples which was influenced significagn{p< 0.05) by pre-treatments,
drying temperatures and storage period. At the d¢etop of drying process, the
moisture content of chilli samples dried at 45°C Oatdays of storage was
significantly higher than samples dried at 55° &&d°C in all treatments. The
moisture content recorded in chilli samples dried4&°C without any pre-
treatment was maximum 11.10% db where as the mmeistintent of pre-treated
samples varied from 10.15 to 10.94% db. Minimumstwoe content (10.15% db)
was recorded in samples dried by usinga$ pre-treatment solution followed by

10.27% db in samples pretreated wighsdlution.

The moisture content of chilli samples at the clatipn of mechanical

drying at 55°C was maximum (10.22% db) in contarhples and a lower values



of 9.09 to 10.06% db was recorded in pre-treatedpsss. Minimum moisture
(9.09% db) was recorded in samples which were dafer using ¥ as pre-

treatment followed by 9.27% db in samples drieth@Jis as pretreatment.

The moisture content of chilli samples at completid drying at 65°C (at
0 days of storage) was maximum (9.87% db) in cbrdgamples and a lower
value of 8.72 to 9.70% db was recorded in pre#ctatamples. Minimum
moisture (8.72% db) was recorded in samples whiefewdried after using;las

pre-treatment followed by 8.90% db in samples pegtrd with Fsolution.

The moisture content of chilli samples increasedrind) storage
significantly (p<0.05) in all treatments. Higher mean moisture aantealues
during 120 days of storage were observed in chalfihples dried at 45°C (11.29%
db) compared to chilli dried at 55°C (10.44% db) dower values in chilli
samples dried at 65°C (10.04% db) , respectively.

The mean moisture content of chilli samples deed5°C after 30, 60, 90
and 120 days of storage were 11.15, 11.45, 11.587% db compared to the
lower values of 10.33, 10.58, 10.78, 10.87% dbaimples dried at 55°C and still
lower values of 9.93, 10.17, 10.36, 10.45% db imglas dried at 65°C,
irrespective of pretreatments.

Irrespective of drying methods and storage pertbdsuntreated samples
possessed over all maximum mean moisture contdn®3% db) compared to
lower values (10.16 to 10.90% db) in pretreated gasa Minimum moisture
content 10.16 and 10.32% db was recorded in samppéeteated with 7and Ts

solution respectively.

Irrespective of pre-treatments and drying methdas chilli samples
exhibited non-significant increase in moisture eomtduring 120 days of storage.
The over all moisture content recorded increaseth f8.86% db at 0 days of

storage to a maximum value of 10.99% db at en®6fdiays of storage.



Table 10 : Effect of pretreatments, mechanical dryig temperatures and storage period on moisture (%) of whole chillies
(Kashmir Long-1)

Storage [Days] Overall
Treatment _“““““““““““_4_5_‘;(5 _______________________________________________ é_S;E _______________________________________________ 6_ é‘;(_: ________________________ Mean
0 _______ 3 O _______ 6 O _______ 9 0 120 Mean O 30 60 90 120 Mean O 30 60 90 120 Mean
To 11.10 1155 11.84 1194 12.0511.69 10.22 10.75 11.08 11.23 11.3310.92 9.87 10.38 10.70 10.84 10.9410.54 11.05
T, 1094 1143 1166 11.84 11941156 10.06 10.63 10.95 11.05 11.1910.77 9.70 10.25 10.55 10.65 10.7810.38 10.90
T, 10.79 1145 11.75 11.86 11.9611.56 9.99 10.58 1090 11.03 11.1310.72 9.54 10.10 1041 10.54 10.6310.24 10.84
T3 10.69 11.19 1153 11.62 11.7211.35 9.78 10.40 10.48 10.63 10.7210.40 9.41 10.00 10.08 10.22 10.3110.00 10.58
Ty 10.60 11.13 1146 1159 11.6711.29 9.59 10.31 10.04 1042 10.5110.17 9.24 9.93 9.68 10.04 10.13 9.80 10.42
Ts 1041 11.01 1132 1145 11.5511.14 9.42 10.10 10.50 10.72 10.8110.31 9.06 9.71 10.09 10.31 10.409.91 10.45
Te 10.27 10.79 11.11 11.23 11.3310.94 9.27 10.00 1042 10.66 10.7510.21 8.90 9.60 10.00 10.23 10.31 9.80 10.32
T, 10.15 10.66 10.97 11.08 11.1710.81 9.09 9.85 10.27 10.47 10.5610.05 8.72 9.45 9.85 10.05 10.13 9.64 10.16
Mean 10.62 11.15 1145 1158 11.67 11.29 9.68 10.3®.58 10.78 10.87 10.44 9.30 9.93 10.17 10.36 510.40.04
Storage g5 1046 1073 10.90 10.99
mean
C.D(p=0.05)
Treatment (T) = 0.203
Storage (S) = 0.262
Drying Temp’s (DT) = 0.690
TxS = 0.454
TxDT = N.S
SxDT = N.S

TxSxDT = N.S



4.3.1.2 Ascorbic acid (mg/ 100 g db)

Effect of pre-treatments, mechanical drying tempges and storage
period on ascorbic acid content (mg/ 100 g db) loflicsamples is depicted in
Table 11.

The initial ascorbic acid content of fresh chsliwas 49.4 mg/100g
(db). During mechanical drying operation there weguction in ascorbic acid
content of chilli samples which was influenced #igantly (p< 0.05) by pre-
treatments, temperatures of drying and storagegefit the completion of drying
process, the ascorbic acid content of chilli sasygided at 45°C at O days of
storage was significantly higher than samples daedb5°C or 65 °C in all
treatments. The ascorbic acid content of pre tdeséenples dried at 45°C varied
from 53.21 to 55.51 mg/100g (db) at (0) days ofraje. However control
samples recorded the minimum ascorbic acid comtes8.20 mg/100 g (db). The
maximum ascorbic acid content of 55.51 mg/100g (a@b¥y recorded in chilli
samples dried at 45°C using pre-treatmepntfdllowed 55.21 mg/100g (db) in

samples pretreated with; 3olution.

The pretreated chilli samples dried at 55°C hadrsc acid content in
range of 49.12 to 51.12 mg/100g db and controlpdasrecorded 49.07 mg/100g
(db) ascorbic acid. The chilli samples dried at®5at (0) days of storage using
pre-treatment 7had a maximum ascorbic acid content of 51.12 6Qg1(db)
followed by 50.87 mg/100g (db) in samples pretr@ateh Tg solution.

The ascorbic acid content of pretreated samplesddat 68C ranged
from 40.95 to 42.65 mg/100g (db) and control saspéeorded 40.95 mg/100g
(db) ascorbic acid at (0) days storage. The chdllnples dried at 65°C at 0 days
of storage using pre-treatmentfad a maximum ascorbic acid of 42.65 mg/100g
db followed by F(42.44 mg/100g db).
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Table-11:  Effect of pretreatments, mechanical dryng temperatures and storage period on ascorbic acifimg/100 g db) of
whole chillies (Kashmir Long-1)

Storage [Days] Overall
Treatment ;1_5:)6_““““““““—““"_"""""""""""5_5;6(& _______________________________________________ 6_ é‘;(_: ________________________ Mean
0 30 60 90 120 Mean O 30 60 90 120 Mean O 30 60 90 120 Mean
To 53.20 52.85 5243 5155 51.1452.23 49.07 48.79 48.44 4759 47.2348.23 4095 40.70 4041 39.70 39.3740.23 46.88
T, 53.21 5294 5254 5164 51.1952.30 49.12 48.84 48.49 47.63 47.2448.27 4095 40.71 4041 39.70 39.4040.23 46.91
T, 5359 5324 5286 5194 515552.64 4943 49.16 48.69 47.87 47514853 41.24 41.00 40.62 39.93 39.6240.48 47.16
Ts 54.01 5355 53.17 52.16 51.8952.96 49.77 4943 4881 4799 47.7548.75 4153 41.24 40.73 40.04 39.8440.68 47.44
Ty 54.02 53.66 53.26 52.36 51.9653.05 49.83 4954 49.18 48.38 48.0048.99 4158 41.33 41.03 40.36 40.0440.87 47.62
Ts 5415 53.85 5346 52.64 52.1353.25 4990 49.66 49.34 48.63 48.1549.14 4164 4143 4116 4056 40.1640.99 47.77
Te 55.21 5483 5443 53.39 53.1654.21 50.87 50.62 50.30 49.39 49.1750.07 42.44 4222 4195 41.19 41.0041.76 48.66
T, 55,51 55.17 5477 53.84 53.355453 51.12 5092 50.61 49.79 49.3450.36 42.65 4247 4220 4152 41.1442.00 48.94
Mean 53.88 5353 5314 5220 5181 5291 49.62 MU9.49.10 48.28 47.92 48.87 4140 41.21 4095 40.20.963 40.76
Storage 4530 4805 47.73 4691 46.56
mean
C.D(p<0.05)
Treatment (T) = 1.728
Storage (S) = 0.019
Drying Temp.s (DT) = 0.174
TxS = NS
TxDT = N.S
SxDT = N.S

TxSxDT = 0.014



Higher mean ascorbic acid values at all sampliatgsiwere observed in
chilli samples dried at 45°C (52.91 mg/100g db) parad to chilli dried at 55°C
(48.87 mg/100g db) and chilli samples dried at 6%40.76 mg/100g db) ,

respectively.

The ascorbic acid content of chilli samples desgdasignificantly during
storage in all treatments. The mean ascorbic atcichitli dried at 45°, 55° and
65°C at 30, 60, 90 and 120 days of storage werb35&%3.14, 52.20, 51.81
mg/100g db compared to the lower values of 49.81131 48.28, 47.92 mg/100g
db and 41.21, 40.95, 40.26, 39.96 mg/100g db,peets/e of treatments.

Irrespective of drying methods and storage petlo pre-treatment ;T
samples possessed maximum mean ascorbic acid tamtét8.94 mg/100g db)
and minimum ascorbic acid content of 46.88 mg/1@0gvas recorded in control

samples.

Irrespective of pre-treatments and drying methdds ¢hilli samples
exhibited non-significant decrease in ascorbic atidng 120 days of storage.
The ascorbic acid content decreased from 48.3000g/tlb at O days of storage

to a minimum value of 46.56 mg/100g db at end &f d&ys of storage.
4.3.1.3 Capsaicin (% db)

Effect of pre-treatments, mechanical drying tempees and storage

period on capsaicin (% db) of chilli samples isidegul in Table 12.

The initial capsaicin content of fresh chillies ws38% db. During
mechanical drying operation there was reductiorcapsaicin content of chilli
samples which was influenced significantly<(@.05) by pre-treatments,
temperatures of drying and storage period. At rpetion of drying process,
the capsaicin content of chilli samples dried atC4at 0 days of storage were
significantly higher than samples dried at 55° &r°€ in all treatments. The
capsaicin content of pre-treated samples dried53€ 4varied from 0.954 to
1.094% (db) at (0) days of storage. The control @am recorded the



capsaicincontent of 0.922% (db). The capsaicinardntcorded in chilli samples
dried at 45°Cusing pre-treatment Was maximum 1.094% (db) followed 1.082%

(db) in samples pretreated witlg olution.

The pretreated chilli samples dried at 55°C hadai@m content in range
of 0.724 to 0.775% db at (0) days of storage amdtrol samples recorded
0.716% (db) capsaicin content. The chilli sampleésddat 55°C at 0 days of
storage using pre-treatment lad a maximum capsaicin content of 0.775% db

followed by 0.766% db in samples pretreated wikadlution.

The capsaicin content of pretreated samples diti&@baC ranged from
0.629 to 0.716% db at (0) days of storage and cbeamples recorded 0.615%
db capsaicin content. The chilli samples dried5C6 at 0 days of storage using
pre-treatment 7 had a maximum capsaicin content of 0.716% dbovad

0.678% db in samples pretreated wigsdlution.

Higher mean capsaicin content values at all samgpates were observed
in chilli samples dried at 45°C (0.940% db) complate chilli dried at 55°C
(0.665% db) and chilli samples dried at 65°C (0%34b), respectively.

The capsaicin content of chilli samples decreasigdificantly during
storage in all treatments. The mean capsaicin noratechilli samples dried at
45°, 55° and 65°C at 30, 60, 90 and 120 days ohgowere 0.976, 0.931, 0.898,
0.873% db compared to the lower values of 0.7087.0.634, 0.573% db and
0.621, 0.587, 0.557, 0.538% db, respectively, peetive of treatments.

Irrespective of drying temperatures and storag®gie the samples pre-
treated with Tpossessed maximum mean capsaicin content (0.78p6é6wipared to

minimum capsaicin content of 0.671% db recordembimtrol samples.

Irrespective of pre-treatments and drying tempeestahe chilli samples
exhibited non-significant decrease in capsaicin@&anduring 120 days of storage.
The capsaicin content recorded decreased from @&y at O days of storage to
a minimum value of 0.649% db at end of 120 daystafage.
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Table-12: Effect of pretreatments, mechanical dryig temperatures and storage period on capsaicin (% kjof whole
chillies (Kashmir Long-1)

Storage [Days]

-------------------------------------------------------------------------------------------------------------------------------------------------------------- Overall
Treatment 45°C 55°C 65°C Mean
0 30) 60 90 120 Mean O 30 60 90 120 Mean O 30 60 90 120 Mean
To 0.922 0.866 0.834 0.797 0.7920.842 0.716 0.673 0.624 0.601 0.5490.636 0.615 0578 0.536 0.491 0.4570.536 0.671
T 0.954 0.898 0.865 0.826 0.8150.872 0.724 0.682 0.634 0.620 0.5520.642 0.629 0593 0.551 0.493 0.4810.550 0.688
T, 0.987 0.920 0.874 0.857 0.8450.897 0.734 0.684 0.645 0.627 0.5600.650 0.636 0593 0.559 0.526 0.5270.568 0.705
Ts 1.032 0.988 0.938 0.906 0.8760.948 0.739 0.704 0.671 0.637 0.5600.662 0.645 0.618 0.585 0.566 0.5470.592 0.734
Ty 1.052 1.006 0.954 0.925 0.8990.967 0.745 0.708 0.673 0.641 0.5730.668 0.649 0.621 0.586 0.570 0.5540.596 0.744
Ts 1.064 1.029 0.974 0.936 0.9010.981 0.757 0.714 0.686 0.645 0.5840.677 0.663 0.642 0.608 0.585 0.5630.612 0.756
Te 1.082 1.041 0.998 0.964 0.9291.003 0.766 0.733 0.694 0.648 0.5970.688 0.678 0.654 0.627 0.606 0.5840.630 0.774
T, 1.094 1.054 1.013 0.969 0.9291.012 0.775 0.739 0.709 0.655 0.6100.698 0.716 0.670 0.644 0.617 0.5910.648 0.786
Mean 1.023 0.976 0.931 0.898 0.873 0.9490 0.745 9.70.667 0.634 0573 0.665 0.654 0.621 0.587 0.5575380 0.592
Storage 057 0767 0728 0.696 0.649
mean
C.D(p<0.05)
Treatment (T) = 0.025
Storage (S) = 0.020
Drying Temp.s (DT) = 0.015
TxS = NS
TxDT = N.S
SxDT = N.S

TxSxDT = 0.097



4.3.1.4 Capsanthin (ASTA units)

Effect of pre-treatments, mechanical drying temjpees and storage periods
on capsanthin content (ASTA units) of chilli sangpkedepicted in Table 13.

The initial capsanthin content of fresh chilliessn@8.378 ASTA units.

During mechanical drying operation there was ineeem capsanthin content of
chilli samples which was influenced significantph<(0.05) by pre-treatments and
storage period. At the completion of drying procebe capsanthin content of
chilli samples dried at 45°C at (0) days of storages significantly higher than
samples dried at 55° and 65°C in all treatment® Gapsanthin content of pre
treated samples dried at 45°C varied from 12600327.52 ASTA units at (0)
days of storage. However control samples recorthedchpsanthin content of
126.73 ASTA units. The capsanthin content recoridedhilli samples dried at
45°C using pre-treatment; was maximum 127.72 ASTA units at (0) days of
storage followed by 127.52 ASTA units in samplesty@ated with §solution.

The pretreated chilli samples dried at 55°C haobsaathin content in
range of 126.75 to 127.57 ASTAunits at (0) daysstorage whereas, control
samples recorded capsanthin content of 126.57 A%ihAs at 0 days of
storage.The chilli samples dried at 55°C at 0 dHystorage using pre-treatment
T; had a maximum capsanthin content of 127.57 ASi#suollowed by127.32

ASTA units in Ts pretreated samples.

The capsanthin content of pretreated chilli samgtesd at 65°C ranged
from 126.52 to 127.44 ASTA units at (O)days of agm whereas, control samples
recorded capsanthin content of 126.32 ASTA unitse Thilli samples dried at
65°C using pre-treatment;Thad a maximum capsanthin content of 127.44
ASTA units at (0) days of storage followed by sagspbretreated withgBolution
as 127.21ASTA units. Higher mean capsanthin contahies at all sampling
dates were observed in chilli samples dried at 4%1€6.44 ASTA units)
compared to chilli samples dried at 55°C (126.2ITASinits) and chilli samples
dried at 65°C (125.97 ASTA units) , respectively.
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Table-13:  Effect of pretreatments, mechanical dryig temperatures and storage period on capsanthin(AIA units db) of
whole chillies (Kashmir Long-1)

________________________________________________________________________ Storage Days] . Overal
Treatment 45°C 55°C 65°C Mean
0 30 60 90 120 Mean O 30 60 90 120 Mean O 30 60 90 120 Mean
To 126.73 12658 126.06 12547 124.42125.85 12657 126.40 12586 12527 124.22125.66 126.32 126.07 12551 124.86 123.83125.32  125.61
T, 126.93 126.82 126.22 125.64 124.64126.05 126.75 126.62 126.05 12543 124.42125.86 12652 126.31 125.69 125.12 124.09125.55  125.82
T, 127.16 127.08 12629 125.77 124.72126.20 126.89 126.77 126.08 12555 124.49125.96 126.67 126.65 126.10 12545 1244212586  126.01
Ts 127.22 12717 126.37 125.89 124.84126.30 127.03 126.96 126.16 12561 124.56126.06 126.85 126.66 126.15 12548 124.4412592  126.09
Ts 127.30 127.18 12655 125.93 124.88126.37 127.07 127.00 126.23 125.81 124.74126.17 126.99 126.82 126.28 125.63 124.58126.06 126.20
Ts 127.42 127.36 126.89 126.35 125.29126.66 127.23 127.20 126.65 126.12 125.04126.45 127.11 126.94 126.43 12570 124.6426.17 126.43
Te 12752 12750 127.08 126.56 125.50126.83 127.32 127.30 126.86 126.33 125.27126.62 127.21 127.14 12659 12598 124.93126.37 126.61
T, 127.72 127.70 127.38 126.87 125.81127.09 12757 127.52 127.13 126.62 125.56126.88 127.44 127.28 126.74 126.11 125.06126.53  126.83
Mean 12725 127.17 126.60 126.06 12513 126.44 0OB27.126.97 126.38 125.84 124.79 126.21 126.89 126.126.19 12554 12450 125.97
Storage
mean 127.06 126.96 126.39 12581 124.81
C.D(p<0.05)
Treatment (T) = 0.201
Storage (S) = 0.003
Drying Temp.s (DT) = NS
TxS = NS
TxDT = N.S
SxDT = N.S

TxSxDT = 0.012



The capsanthin content of chilli samples decreasgudificantly during
storage in all treatments. The mean capsanthirenowf chilli samples dried at
45°, 55° and 65°C irrespective of pretreatment8®t60, 90 and 120 days of
storage were 127.17, 126.60, 126.06, 125.13 ASTifs wompared to the lower
values of 126.97, 126.38, 125.84, 124.79 ASTA wrhd 126.73, 126.19,
125.54, 1224.50 ASTA units, irrespectively.

Irrespective of drying temperatures and storagege the chilli samples
dried using pre-treatment; possessed overall maximum mean capsanthin content
(126.83 ASTA units) followed by 126.61ASTA units 6 treated samples
whereas, minimum capsanthin content of 125.61 ASIRKs was recorded in

control samples.

Irrespective of pre-treatments and drying tempeeatihe chilli samples
exhibited non-significant decrease in capsanthinteat during 120 days of
storage. The capsanthin content decreased fron@@ZASTA units at O days of

storage to a minimum value of 124.81 ASTA unitsrad of 120 days of storage.
4.3.1.5 Reducing Sugar (% db)

Effect of pre-treatments, mechanical drying tempges and storage
periods on reducing sugar content (% db) of ckdinples is depicted in Table 14.

The initial reducing sugar content of fresh chdliwas 0.648% (db).
During mechanical drying operation there was redudn reducing sugar content
of chilli samples which was influenced significan{p< 0.05) by pre-treatments
and temperatures of drying. At the completion ofimly process, the reducing
sugar content of chilli samples dried at 45°C dag@s of storage was significantly
higher than samples dried at 55 ° and 65 °C samipledl treatments. The
reducing sugar content of pre treated samples @tid®C at (0) days of storage
varied from 0.599 to 0.614% (db). However contramples recorded the



Table-14:  Effect of pretreatments, mechanical dryig temperatures and storage period on reducing sugs(% db) of
whole chillies (Kashmir Long-1)

Storage [Days] Overall
Treatment  4C_sec ekC Mean
0 30 60 90 120 Mean 0 30 60 90 120 Mean 0 30 60 90 120 Mean

To 0.594 0.553 0.526 0.461 0.4250.512 0.541 0.504 0.480 0.421 0.3860.467 0.510 0.476 0.452 0.397 0.3640.441  0.473
T: 0.599 0.558 0.529 0.473 0.4300.518 0.541 0.505 0.479 0.428 0.3880.468 0.511 0.476 0.452 0.404 0.3660.442 0.476
T, 0.602 0.562 0.533 0.477 0.4320.522 0.541 0.505 0.479 0.429 0.3880.468 0.511 0.477 0.452 0.404 0.3660.442  0.477
Ts 0.605 0.565 0.536 0.479 0.4320.523 0.541 0.506 0.479 0.428 0.3880.469 0.511 0.477 0.453 0.404 0.3660.443  0.478
T4 0.610 0.570 0.542 0.485 0.4370.529 0.542 0.507 0.480 0.431 0.3890.470 0.512 0.479 0.454 0.406 0.3670.444  0.481
Ts 0.611 0571 0.544 0487 0.4370.530 0.543 0.508 0.484 0.434 0.3900.472 0.512 0.479 0.457 0.409 0.3680.445 0.482
Te 0.614 0574 0.546 0489 0.4410.533 0.543 0.509 0.485 0.435 0.3910.473 0.513 0.480 0.458 0.410 0.3690.446  0.484
T, 0.614 0574 0.547 0491 0.4410.534 0.543 0.509 0.486 0.436 0.3910.473 0.513 0.480 0.458 0.411 0.3690.447 0.484

Storage 555 0521 0497 0446  0.400
mean
C.D(p<0.05)

Treatment (T) = 0.062
Storage (S) = NS
Drying Temp.s (DM) = 0.010
TXS = NS

T xDT = 0.021
SxDT = N.S

TxSxDT = NS



reducing sugar content of 0.594% (db). The redusingar content recorded in
chilli samples dried at 45°C using pre-treatmeawas maximum 0.614% (db) at

par with samples pretreated with Jolution at (0) days of storage.

The pretreated chilli samples dried aG5at (0) days of storage had
reducing sugar content in the range of 0.541 td3%6 db and control samples
recorded 0.541% db reducing sugar content. Thé shihples dried at 55°C at 0
days of storage using pre-treatmenth@dd a maximum reducing sugar content of

0.543% (db) at par withgTpretreated samples.

The reducing sugar content of pretreated sampies @t 65C at (0)
days of storage ranges from 0.511 to 0.513% db e@sercontrol samples
recorded reducing sugar content of 0.510%. Théi caimples dried at 68 at 0
days of storage using pre-treatmenthid a maximum reducing sugar content of

0.513% db at par withgTpretreated samples.

Higher mean reducing sugar content values at afipiag dates were
observed in chilli samples dried at®@5(0.525% db) compared to chilli dried at
55°C (0.470%db) and chilli dried at 85 (0.444% db) , respectively, irrespective

of pretreatments and storage periods.

The reducing sugar content of chilli samples desed significantly during
storage in all samples. The mean reducing sugaebaof chilli samples dried at
45°, 55° and 65°C at 30, 60, 90 and 120 days ohgowere 0.566, 0.538, 0.480,
0.434% db compared to the lower values of 0.50481) 0.430, 0.389% db and
0.478, 0.454, 0.406, 0.367% db, respectively, peetive of treatments.

Irrespective of drying temperature and storageiodsr the samples
prepared using 7Tsolution possessed maximum mean reducing sugaergont
(0.484% db) compared to minimum reducing sugar erantof 0.473% db
recorded in control samples.

Irrespective of pre-treatments and drying methddas c¢hilli samples

exhibited significant decrease in reducing sugamtext during 120 days of



storage. The reducing sugar content recorded demtdeom 0.556% db at O days
of storage to a minimum value of 0.400% db at@nt0 days of storage.

4.3.1.6 Non Enzymatic Browning

Effect of pre-treatments, mechanical drying terapges and storage
period on non-enzymatic browning values of chidngles is depicted in Table
15.

During mechanical drying operation there was iasesin non-enzymatic
browning of chilli samples which was influencedrsfgantly (p< 0.05) by pre-
treatments and temperatures of drying. At the cetigil of drying process, the
non-enzymatic browning values of chilli samplesedriat 65°C at 0 days of
storage were significantly higher than samplesddag¢ 45° and 55 °C in all
treatments. The non-enzymatic browning values debin chilli sampes dried at
45°C without any pre-treatment was maximum 0.24&netas the non-enzymatic
browning values of pre-treated samples varied f@aill to 0.239. Minimum
non-enzymatic browning value of 0.111 was recontleslamples dried by using
T, as pre-treatment solution followed by 0.120 in gl® pretreated with gT

solution.

The non-enzymatic browning value of chilli sampdé¢gthe completion of
drying at 55°C was maximum (0.344) in control saespand a lower value of
0.298 to 0.343 were recorded in pre-treated samalef) days of storage.
Minimum non-enzymatic browning value (0.298) wasoreled in samples which
were dried after using ;7Tsolutionas pre-treatment followed by 0.299 i@ T
pretreated samplesThe non-enzymatic browning of chilli samples at the
completion of drying at 65°C was maximum (0.504)cimtrol samples and a
lower value of 0.374 to 0.502 was recorded in peated samples at (0) days of
storage. Minimum non-enzymatic browning (0.374) wasorded in samples
which were dried after using-;Tas pre-treatment followed by 0.461 iy T

pretreated samples.



cL

Table-15:  Effect of pretreatments, mechanical driyng temperatures and storage period on non-enzymati browning
values(OD at 420 nm) of whole chillies (Kashmir Liog-1)

Storage [Days] Overall

Treatment 45°C 55°C 65°C Mean

To 0.241 0.326 0.345 0.452 0.48D.369 0.344 0.387 0.462 0.533 0.608.467 0.504 0.513 0.550 0.600 0.68®M.569 0.469
T, 0.239 0.325 0.344 0.451 0.48®m.368 0.343 0.386 0.446 0.517 0.60M.458 0.502 0.512 0.549 0.600 0.68M.568 0.465
T, 0.219 0.303 0.323 0.426 0.45®.345 0.320 0.363 0.421 0.489 0.564€.431 0.501 0.510 0.549 0.598 0.670.567 0.448
Ts 0.217 0.301 0.321 0.425 0.45®.344 0.318 0.361 0.418 0.486 0.562.429 0.494 0.500 0.536 0.588 0.660.555 0.435
Ta 0.207 0.290 0.311 0.413 0.444€.333 0.307 0.350 0.407 0.474 0.549.417 0.488 0.498 0.525 0.583 0.6610.553 0.443
Ts 0.197 0.281 0.301 0.403 0.433.323 0.301 0.340 0.400 0.464 0.544.409 0.475 0.486 0.525 0.572 0.653.524 0.425
Te 0.120 0.191 0.212 0.291 0.384.239 0.299 0.339 0.400 0.462 0.542.408 0.461 0.468 0.512 0.541 0.64®.522 0.390
T, 0.111 0.184 0.203 0.289 0.363.230 0.298 0.338 0.397 0.452 0.542.406 0.374 0.382 0.407 0.498 0.58®M.448 0.362

Storage 308 0372 0411 0484 0.552

mean
C.D(p<0.05)

Treatment (T) = 0.062
Storage (S) = NS
Drying Temp.s (DT) = 0.034
TxS = NS
TxDT = NS

Sx DT = 0.211

TxSxDT = NS



Irrespective of pre treatments and storage dagstban non-enzymatic
browning values during 120 days of storage wereesl in chilli samples dried
at 45°C (0.319) compared to higher values in chidinples dried at 55°C (0.428)
and chilli samples dried at 65°C (0.541) , respetyi

The non-enzymatic browning of chilli samples iraged during storage
significantly in all samples. The mean non-enzymatiowning values of chilli
samples dried at 45, 55 and 65°C at 30, 60, 9012@ddays of storage were
0.275, 0.295, 0.394, 0.437compared to the lowanesl of 0.358, 0.419, 0.485,
0.564 and 0.484, 0.519, 0.573, 0.655.

Irrespective of drying temperatures and storageo@e the untreated
samples possessed over all maximum mean non-eneymaiwning value
(0.469) compared to lower values (0.362 to 0.465eated samples. Minimum
non-enzymatic browning values of 0.362 and 0.39fwecorded in samples pre-
treated with Tand Ts solution respectively.

Irrespective of pre-treatments and drying tempeest the chilli samples
exhibited non-significant increase in non-enzymatiawning during 120 days of
storage. The over all non-enzymatic browning valtesorded increased from
0.328 at 0 days of storage to a maximum value ®%2.at end of 120 days of

storage.
4.3.1.7 Colour values (E, a*, b*, ¢, h (AE)) in chilli dried at 45°C.

The colour parameters of chilli samples after mawda drying at 45°C
and during storage as influenced by pretreatmeplicgpions are presented in
Table 16. On day (0) all the treated samples hatidst L*, a*, b* c values
which significantly (g0.05) decreased with storage period, while as,ch(AR)
value had significantly increased. At (0) daystofage the untreated samples had
L* value of 28.93, whereas treated samples havesdlties of 29.28 to 31.81.
where as maximum L* value of 31.81 was recordesiaimples pretreated withy T

solution at (0) days of storage. The L* values rded after 120 days of storage



varied from 27.73 to 30.44 in treated samples coetpto L* value of 27.25 in
control samples. Maximum L* value was observedampgles pretreated with, T

solution.

At (0) days of storage the untreated samples Hagahie of 23.46,
whereas treated samples have a* values of 23.88.85, where as maximum a*
value of 25.95 was recorded in samples pretreatddw solution at (0) days of
storage. The a* values recorded after 120 daystarhge varied from 21.70 to
24.97 in treated samples compared to a* value o6712n control samples.

Maximum a* value was observed in samples pretreatéd T, solution.

The untreated samples had b* value of 13.55, wketesated samples
have b* values of 13.68 to 14.57. Maximum b* vabfel4.57 was recorded in
samples pretreated withy $olution at (0) days of storage. The b* value®reed
after 120 days of storage varied from 12.69 to 3 3¥dtreated samples compared
to b* value of 12.67 in control samples. Maximum \lue was observed in

samples pretreated withy $olution.

The untreated samples had (c) value of 27.09 atdé&ys of storage,
whereas treated samples have (c) values of 27.29.%6. Maximum c value of
29.76 was recorded in samples pretreated witholution at (0) days of storage.
The (c) values recorded after 120 days of storageed from 25.09 to 28.36 in
treated samples compared to (c) value of 24.7®mrol samples. Maximum (c)

value was observed in samples pretreated witkolution.

At (0) days of storage the untreated samples hpdajue of 30.00 which
is found at par with samples pretreated withs®lution, whereas treated samples
have (h) values of 29.30 to 30.00. Maximum h vadfi80.70 was recorded in
control at 120 days of storage. The (h) valuesroemb after 120 days of storage
varied from 28.30 to 30.10 in treated samples coetpéo (h) value of 30.70 in

control samples. Maximum (h) value was observerbintrol samples.



Table 16 : Effect of pretreatments, mechanical dryig method at 45°C and
storage period on L*, a*, b* in of chillies (Kashnir Long-1)

Storage Treatments

Parameter ( dayg) T T, T, T, T, T T, T, Mean
L* 0 28.93 29.28 29.66 30.06 30.41 30.76 31.12 B1.830.25
30 28.51 28.89 29.28 29.68 30.06 30.44 30.81 31.429.89
60 28.08 28.49 28.89 29.3 29.68 30.1 30.49 31.29.52
90 27.65 28.12 2851 28.96 29.34 29.79 30.18 30.73.17
120 27.25 27.73 28.14 28.54 2899 29.47 29.88 30.428.81

Mean 28.08 28.5 28.89 29.31 29.7 30.11 30.5 31.12
a* 0 23.46 23.67 24.09 24.46 2484 25.24 25.64 25.9%4.67
30 22.94 23.19 2361 24.02 2442 24.82 25.28 25.724.25
60 22.4 22.67 23.1 23.59 2397 24.36 24.91 25.44£3.8

90 21.83 2221 22.59 232 2356 2395 2454 25.223.39
120 2131 21.7 2211 2266 23.13 2352 2418 24.992.95
Mean 2239 22.69 231 2359 2398 2438 2491 &54
b* 0 1355 13.68 13.83 1392 1406 14.24 144 14.574.03
30 13.33 13.43 1357 13.67 13.8 13.97 1411  14.283.77
60 1311  13.18 13.3 1342 1353 13.69 13.83 13.983.51
90 12.88 1294 13.04 13.2 1328 13.43 1354 13.783.26
120 12.67 1269 12,79 1292 13.038 13.16 13.27 134513
Mean 1311 1319 1331 1343 1354 13.7 13.83 14.0
c* 0 2709 2734 27.78 2814 2854 2898 2941  29.788.38
30 26.53 26.8 2723 27.64 28.05 2848 2895 29.427.89
60 2595 26.22 26.66 27.14 2752 2794 2849  29.087.37
90 25.35 25.7 26.08 26.69 27.04 27.46 28.03 28.726.88
120 2479 25.09 2554 26.08 26,55 2695 2758 28.3%.37
Mean 25942 26.23 26.658 27.138 27.54 27.962 28B.429.054

h 0 30 30 29.9 29.6 29.5 29.4 29.3 29.329.63
30 30.2 30.1 29.9 29.6 29.5 29.4 29.2 29.129.63
60 30.3 30.2 29.9 29.6 29.4 29.3 29 28.829.56
90 30.5 30.2 30 29.6 29.4 29.3 28.9 28.629.56

120 30.7 30.1 30 29.7 29.4 29.2 28.8 28.329.53
Mean 30.34 30.12 29.94 29.62 2944 29.32 29.04 828.

AE 0 0 042 100 154 208 264 320 3.941.86
30 0 046 104 162 219 276 337 416196
60 0 049 108 173 228 287 355 437205
90 0 061 115 192 245 3.06 376  4.68221
120 0 062 120 188 254 317 393 491229
Mean 0 052 1.09 174 231 290 356 441
C.D (p<0.05)
Treatment (T) = 0.032
Storage (S) = 0.017
XS = 0.080



The untreated samples hatE( value of 0.00, whereas treated samples
had AE) values of 0.426 to 3.943. ThAK) values recorded after 120 days of
storage varied from 0.620 to 4.919 in treated sampbmpared toAE) value of
0.000 in control samples. Maximum\KE) value was observed in samples
pretreated with 7 solution. Maximum AE) value of 4.919 was recorded in

samples pretreated withy $olution at 120 days of storage.
4.3.1.8 Colour values (E, a*, b*, ¢, h (AE)) in chilli dried at 55°C.

The colour parameters of chilli samples after maats drying at 55°C
and during storage as influenced by pretreatmeplicgpions are presented in
Table 17. On day (0) all the treated samples hghdsit L*, a*, b* and ¢ values
which significantly (g0.05) decreased with storage period, while as rfd)(AE)
value had significantly increased. At (0) daystofage the untreated samples had
L* value of 27.39, whereas treated samples havesdlties of 27.72 to 30.39.
Maximum L* value of 30.39 was recorded in samplestneated with T solution.
The L* values recorded after 120 days of storageesidrom 27.05 to 29.96 in
treated samples compared to L* value of 26.58 mircb samples. Maximum L*

value was observed in samples pretreated witkolution.

At (0) days of storage the untreated samples hadiadtie of 21.14,
whereas treated samples have a* values of 21.33.88, where as maximum a*
value of 23.38 was recorded in samples pretreaigdw solution. The a* values
recorded after 120 days of storage varied from6@L€0522.50 in treated samples
compared to a* value of 19.20 in control samplesaxivhum a* value was

observed in samples pretreated withs®lution.

At (0) days of storage the untreated samples haddbde of 11.67,
whereas treated samples have b* values of 11.72.42. Maximum b* value of
12.42 was recorded in samples pretreated withsdlution. The b* values



Table 17 :

storage period on L*, a*, b* in of chillies (Kashnir Long-1)

Effect of pretreatments, mechanical dryig method at 55°C and

Storage Treatments
Parameter Mean
(days) To T T T3 Ty Ts Ts T,
L* 0 2739 27.72 28.08 2846 28.79 29.12 29.47 30.328.68
30 27.4 27.77 28.14 28.52 28.88 29.25 29.61 30.528.76
60 2712 27.52 27.9 28.3 28.67 29.07 29.45 30.318.54
90 26.84 27.3 27.67 28.12 28.48 28.92 29.3 30.128.34
120 26.58 27.05 27.46 27.84 28.28 28.75 29.15 29.9%8.13
Mean 27.07 2747 27.85 2825 28.62 29.02 294 30.27
a* 0 21.14 21.33 21.71 22.04 22.38 22.74 23.1 23.382.23
30 20.67 20.89 21.27 21.64 2201 2237 2278 23.121.85
60 20.18 20.43 20.81 21.26 21.6 21.96 22.45 22.921.45
90 19.67 20.02 20.36 20.91 21.23 2158 2211 22.72.07
120 19.2 19.56 19.93 20.42 20.84 2119 21.79 22.20.68
Mean 20.17 20.44 20.82 2125 2161 21.97 2245 922.
b* 0 11.67 11.78 11.91 11.99 12.17 1225 12.37 12.492.07
30 11.54 11.6 11.72 11.9 12.05 1221 12.35 12.5561.99
60 11.37 11.45 11.65 11.86 12 12.14  12.27 12.411.89
90 11.41 11.47 11.55 11.85 1195 1211 1231 12.501.89
120 11.02 11.25 11.33 11.43 1156 11.67 11.77 11.981.5
Mean 11.4 11.51 11.63 11.81 11.95 12.08 1221 1723
c* 0 24.15 2437 2476 25.09 2547 2583 26.2 26.47 2925
30 23.67 23.89 24.29 24.7 25.09 2549 2591 26.3%1.922
60 23.16 23.42 2385 2434 2471 25.09 2558 26.084.53
90 22.74 23.07 23.41 24.03 2436 24.75 25.31 25.924.2
120 2214 2256 22.93 23.4 23.83 24.19 24.77 25.473.66
Mean 23.172 23.462 23.848 24312 24.692 25.07 525.526.058
h 0 28.9 28.9 28.7 28.5 28.5 28.3 28.2 28 28.5
30 29.2 29 28.9 28.8 28.7 28.6 28.5 28.4 28.76
60 29.4 29.3 29.2 29.2 29.1 28.9 28.7 28.4 29.03
90 30.1 29.8 29.6 29.5 29.4 29.3 29.1 28.8 29.45
120 29.9 29.9 29.6 29.2 29 28.8 28.4 27.9 29.09
Mean 295 29.38 29.2 29.04 2894 28.78 28.58 28.3
AE 0 0 0.39 0.92 1.43 1.93 2.42 2.94 3.82 1.74
30 0 1.42 1.76 2.17 2.62 3.12 3.64 4.53 2.41
60 0 1.38 1.73 2.18 2.66 3.17 3.76 4.67 2.45
90 0 1.4 1.73 2.25 2.76 3.30 3.91 491 2.54
120 0 1.36 1.73 2.25 2.82 3.38 4.04 5.1 2.59
Mean 0 1.19 1.57 2.05 2.56 3.08 3.66 4.60
C.D (p=<0.05)
Treatment (T) = 0.024
Storage (S) = 0.022
TXS = 0.080



recorded after 120 days of storage varied from5.10211.93 in treated samples
compared to b* value of 11.02 in control samplesaxivhum b* value was

observed in samples pretreated withs®lution.

At (0) days of storage the untreated samples hadvglue of 24.15,
whereas treated samples have (c) values of 24.26.4¥ where as maximum ¢
value of 26.47 was recorded in samples pretreatdTw solution. The (c) values
recorded after 120 days of storage varied from@&2525.47 in treated samples
compared to (c) value of 22.14 in control sampMsximum (c) value was
observed in samples pretreated with Solution. At (0) days of storage the
untreated samples had (h) value of 28.90 whichoisxd at par with samples
pretreated with T solution, whereas other treated samples have ghjes of
28.00 to 28.90. The (h) values recorded after 1&¢s bf storage varied from
27.90 to 29.90 in treated samples compared todewval 29.90 in control samples.
Maximum (h) value was observed in control sampMaximum (h) value of
29.90 was recorded in control which is found at\wih samples pretreated with

T1 solution at 120 days of storage.

At (0) days of storage the untreated samples A&) (alue of 0.00,
whereas treated samples hawk) values of 0.396 to 3.821. ThaAK) values
recorded after 120 days of storage varied from1L1865.100 in treated samples
compared toAE) value of 0.000 in control samples. MaximuAE] value was
observed in samples pretreated withsblution. Maximum AE) value of 5.100
was recorded in samples pretreated witlsdlution at 120 days of storage.

4.3.1.9 Colour values (L*, a*, b*, ¢, hAE)) in chilli dried at 65°C.

The colour parameters of chilli samples after maat# drying at 65°C
and during storage as influenced by pretreatmeplicgpions are presented in
Table 18. On day (0) all the treated samples hghdsit L*, a*, b* and ¢ values
which significantly (g:0.05) decreased with storage period, while asafid AE)

value had significantly increased. At (0) daystofage the untreated samples had



L* value of 26.92, whereas treated samples havesdlties of 27.95 to 29.60.
Maximum L* value of 29.60 was recorded in samplestneated with T solution.

The L* values recorded after 120 days of storageesidrom 25.80 to 28.33 in
treated samples compared to L* value of 25.35 mircb samples. Maximum L*

value was observed in samples pretreated witsolution.

At (0) days of storage the untreated samples Hagalhie of 20.33,
whereas treated samples have a* values of 20.23.&Y, where as maximum a*
value of 23.57 was recorded in samples pretreatdd ™ solution at (0) days of
storage. The a* values recorded after 120 daydavhge varied from 18.81 to
22.68 in treated samples compared to a* value ofi7181 control samples.

Maximum a* value was observed in samples pretreatddT; solution.

At (0) days of storage the untreated samples hHadahie of 12.25,
whereas treated samples have b* values of 12.33.&6. Maximum b* value of
13.56 was recorded in samples pretreated withsdlution .The b* values
recorded after 120 days of storage varied from2.8814.97 in treated samples
compared to b* value of 13.79 in control samplesaxivhum b* value was
observed in samples pretreated with Solution. At (0) days of storage the
untreated samples had (c) value of 23.74, whereatetl samples had (c) values
of 23.97 to 27.19. Maximum (c) value of 27.19 wasarded in samples
pretreated with 7 solution at (0) days of storage. The (c) valueomed after
120 days of storage varied from 23.34 to 27.18dated samples compared to (c)
value of 23.05 in control samples. Maximum (c) ealMas observed in samples

pretreated with Tsolution.

At (0) days of storage the untreated samples hadvdlue of 31.10,
whereas treated samples have (h) values of 29.90.6®, where as maximum (h)
value of 31.10 was recorded in control samples. (Rhealues recorded after 120
days of storage varied from 33.40 to 36.60 in @@atamples compared to (h)
value of 36.70 was recorded in control samples.iMam (h) value was observed

in control samples.



Table 18: Effect of pretreatments, mechanical dryigg method at 65°C and
storage period on L*, a*, b* in of chillies (Kashnir Long-1)

Parameter Storage Treatments Mean
(days) To T T, Ts T, Ts Ts T,
L* 0 26.92 27.25 27.6 27.97 28.3 28.62 28.96 29.828.15

30 2653 26.89 27.24 2761 2797 2832 28.67 29.28/.81
60 26.13 2651 26.88 27.27 27.62 28.01 28.38 28.97.47
90 2573 26.17 26.53 26.95 273 2772 28.09 28.647.14
120 25.35 25.8 26.19 26.55 26.98 2743 2738 28.326.8
Mean  26.13 26.52 26.89 27.27 27.63 28.02 28.38 28.96
ar 0 20.33 2051 20.87 2119 2152 2187 2222 23.57151
30 19.88 20.09 2046 20.82 2116 2151 2191 23.38.15
60 1941 19.65 20.02 2044 20.77 2111 2159 23.120.76
90 18.92 1925 1958 20.11 2042 20.75 21.27 22.20.4
120 1847 1881 19.16 19.64 20.04 20.38 20.95 22.68.02
Mean 194 19.66 20.02 2044 20.78 2113 2159 231

b* 0 12.25 12.3 12.47 1254 1271 12.9 13.01  13.562.72
30 12.6 12.71 12.9 13 13.12 1325 13.33 13.483.05
60 135 13.6 13.73 13.83 13.95 141 14.18 14.83.96

90 1355 13.68 1381 141 1422 14.28 144 15.34.17
120 13.79 1382 1391 1414 1422 1435 1465 149423
Mean 1314 1322 1336 1352 13.64 13.78 13.91 424
c* 0 23.74 2392 2431 2462 2499 2539 2574 27.134.99
30 2354 2377 2419 2455 249 2562 2565 26.924.9
60 23.64 23.9 2428 2468 25.02 2539 25.83 27.4%.02
90 23.27 2362 2396 2456 24.88 2519 2569 27.54.84
120 23.05 2334 23.68 24.2 2457 2493 2556  27.1B1.56
Mean  23.448 23.71 24.08 2452 24872 2530 25.697.2@&

h 0 311 31 30.9 30.6 30.6 30.5 30.3 29.930.61
30 324 32.3 32.2 32 31.8 31.6 31.3 30 31.70
60 34.8 34.7 34.4 34.1 33.9 33.7 33.3 32.633.94
90 35.6 35.4 35.2 35 34.9 34.5 34.1 33.734.80

120 36.7 36.3 36 35.8 35.4 35.2 35 33.435.48
Mean 34.12 3394 33.74 335 3332 331 32.8 31.92

AE 0 0 037 089 138 188 238 288  4401.78
30 0 075 148 190 245 293 371 504229
60 0 073 147 195 248 298 3.8 5.18 2.33
90 0 079 148 208 259 311 392 542243
120 0 077 148 202 263 318 4.02 559246
Mean 0 068 1.36 187 240 292 366 512
C.D (p<0.05)
Treatment (T) = 0.024
Storage (S) = 0.012
TXS = NS



At (0) days of storage the untreated samples ) (alue of 0.00,
whereas treated samples ha&) values of 0.375 to 4.406. MaximumE) value
of 4.406 was recorded in samples pretreated witlsolution. The AE) values
recorded after 120 days of storage varied from31675.592 in treated samples
compared to AE) value of 0.00 in control samples. MaximukE] value was
observed in samples pretreated withs®lution.

4.4 Experiment No. 3: Effect of packaging materials andstorage period
on quality attributes of chilli powder

4.4.1 Physico-chemical characteristics of dried chiipowder
4.4.1.1 Moisture content (% db)

Effect of drying methods, packagingterials and storage period
on moisture content (% db) of chilli powder samptemdicated in Table 19.

The moisture content of chilli powder prepared frohilli dried under
sun, solar tunnel drier and mechanical drier a€Agas 9.19, 9.14 and 9.10% (db)
respectively at (0) days of storage. During storagel20 days there was
significant increase in moisture content in alllicipowder samples due to drying
method, packaging material and storage period DRE pouches maximummean
moisture content of 9.29% (db) was recorded inligndwder prepared from sun
dried chillies during 120 days of storage, followsd9.23% (db) in chilli powder
prepared from solar tunnel dried chillies whereasjimum moisture content
9.21% (db) was observed in chilli powder prepareamf mechanical dried

chillies.

An increase in moisture content during 120 daysstofage was also
observed in chilli powder samples when packed irPMilouches . The maximum
mean moisture content of 9.27% db was recordechgur20 days of storage in
chilli powder prepared from sun drying, followed 8y2% (db) in chilli powder
samples prepared from solar tunnel dried chillied minimum moisture content

of 9.16% (db) in chilli powder samples preparedrfnmechanical dried chillies.



Table 19:

Effect of packaging materials, drying metiods and storage period on moisture (% db) of driecthilli powder
(Kashmir Long-1)

Storage [Days]

Packagin Overall
Mater?al 9 Sun dried powder Solar tunnel dried powder Mechanial dried Powder Mean
0 30 60 90 120 Mean O 30 60 90 120 Mean O 30 60 90 120 Mean
MLP 9.19 9.23 9.27 9.31 9.36 9.27 9.14 9.2 9.23 9.26 9.29 9.22 9.10 9.13 9.16 9.19 9.22 9.16 9.22
[o0) LDPE 9.19 9.24 9.29 9.33 9.38 9.29 9.14 9.19 9.23 9.28 9.33 9.23 9.10 9.15 9.20 9.26 9.32 9.21 9.24
N
VP 9.19 9.20 9.20 9.22 9.24 9.21 9.14 9.15 9.15 9.17 9.18 9.16 9.10 9.10 9.11 9.13 9.15 9.12 9.16
Mean 9.19 922 925 929 933 9.26 9.14 9.18 9.20.249 9.27 9.21 9.10 9.13 9.16 9.19 9.23 9.16 9.21
Storage
mean 9.14 9.18 9.20 9.24 9.27
C.D (p<0.05)
Packaging Material (PM) = 0.021
Storage (S) = 0.03
Drying Method (DM) = 0.022
PMx S = NS
PM x DM = NS
SxPM = 0.121
PM x S x DM = NS



Among the packages used for storage studies ol plalvder samples,
vacuum packaged MLP pouches indicated lowest iseréa moisture content
throughout 120 days of storage. The mean moistangent of 9.21%(db) was
recorded during 120 days of storage in chilli powgdeepared from sun dried
chillies followed by 9.16% (db) in chilli powder sples prepared from solar
tunnel dried chillies and minimum moisture conterfit9.12% (db) in chilli

powder prepared from mechanical dried chillies.

Irrespective of methods of drying of chillies theean moisture content
during 120 days of storage was recorded in chillivger packed in LDPE
poucheswas 9.24%(db) followed by 9.22% (db) illignowder samples packed
in MLP pouches. The minimum moisture content of6%tb was recorded in

vacuum packaged MLP pouches.
4.4.1.2 Ascorbic acid (mg/100g db)

Effect of drying methods, packaging materials ahorage period on
ascorbic acid (mg/100g db) of chilli powder sampgemdicated in Table 20.

The ascorbic acid content of chilli powder samppegpared from chillies
dried under sun, solar tunnel drier and mechanicel at 45°C was 32.62, 33.04,
47.01 mg/100g (db) respectively at O days of ser&uring storage of 120 days
there was significant decrease in ascorbic acidi@tiy db) of all chilli powder
samples due to method of drying, packaging matandl storage. Themaximum
mean ascorbic acid content of 45.79mg/100g (dbydut20 days of storage was
recorded in mechanical dried chilli powder sampdesked in LDPE pouches
followed by 31.92 mg/100g (db) in solar tunnel driehilli powder samples
whereas, minimum ascorbic acid 31.23 mg/100g (db¥ wbserved in chilli

powder prepared from sun drying packed in LDPE pesc

A decrease in ascorbic acid during 120 days ohg®was also observed
in chilli powder packed in MLP pouches. The maximunean ascorbic acid



46.12mg/100g db was recorded during 120 days afagéoin chilli powder

prepared



Table 20: Effect of packaging materials, drying metods and storage period on ascorbic acid (mg/100 Hbf dried chilli
powder (Kashmir Long-1)

Storage [Days]

Overall

Packaging Sun dried powder Solar tunnel dried powder Mechanial dried Powder Mean

Material

MLP 32.62 32 314 30.78 30.1831.40 33.04 3268 3233 3196 31.6232.33 47.01 4656 46.12 45.68 45.2546.12 36.62

LDPE 3262 3165 31.14 30.61 30.1231.23 33.04 3237 31.88 3139 30.931.92 47.01 46.33 45.77 45.2 44.6345.79 36.31

VP 3262 3242 3186 31.32 32.1532.07 33.04 3284 3243 32 32.643259 47.01 4734 46.83 46.33 47.0946.92 37.19

Mean 32.62 3202 3147 3090 3082 3157 33.04 B2.8221 31.78 31.72 3228 47.01 46.74 4624 4575664 46.28 36.71

Storage
mean

C.D (p<0.05)
Packaging Material (PM) = 0.795

Storage (S) = 0.033
Drying Method (DM) = 0.048
PMx S = 1.778
PM x DM = NS
S x PM = NS

PMx S x DM = NS



from mechanical drying, followed by 32.33 mg/100Qgid chilli powder samples
prepared from solar tunnel dried chillies and mumm ascorbic acid of

31.40mg/100g in sun dried samples.

Among the packages used for storage studies off plNvder samples,
vacuum packaging indicated lowest decrease in bgcacid throughout 120 days
of storage. The maximum mean ascorbic acid of 246r®y/100g (db) was
recorded during 120 days of storage in chilli porolepared from mechanically
dried chillies, followed by 32.59 mg/100g (db) inilt powder samples prepared
from solar tunnel dried chillies and minimum asgordcid of 32.07 mg/100g db

in chilli powder prepared from sun dried chillies.

Irrespective of methods of drying of chillies thénfmum mean ascorbic
acid during 120 days of storage was recorded inEPBRcked samples as 36.31
mg/100g (db)followed by 36.62 mg/100g (db) in aplbwder samples packed in
MLP pouches. The maximumascorbic acid contentol @7ng/100g (db) was

recorded in vacuum packaged samples in MLP pouches.
4.4.1.3 Capsaicin (% db)

Effect of drying methods, packaging materials ahorage period on
capsaicin content (% db) of chillies powder samp@eandicated in Table 21.

The capsaicin content of chilli powder preparedrirchillies dried under
sun, solar tunnel drier and mechanical drier aC4&as 0.70, 0.74, 0.90% (db)
respectively at (0) days of storage. During storagel20 days there was
significant decrease in capsaicin content of allligpowder samples. In LDPE
pouches the maximummean capsaicin content of 0@2Paluring 120 days of
storage was recorded in mechanically dried samiolésved by 0.70%(db) in
solar tunnel dried chilli powder samples, whereasimum capsaicin content of
0.65%(db) was observed in chilli powder preparedifisun drying.

A decrease in capsaicin content during 120 daystofage was also

observed in chilli powder samples when packed irPNpouches. The maximum



Table 21: Effect of packaging materials, drying mdtods and storage period on capsaicin (% db) of dreechilli powder
(Kashmir Long-1)

Storage [Days]

Packaging Overall
Material Sun dried powder Solar tunnel dried powder Mechanial dried Powder Mean
0 30 60 90 120 Mean O 30 60 90 120 Mean O 30 60 90 120 Mean
MLP 0.70 0.67 0.64 0.62 0.59 0.64 0.74 0.72 0.71 0.69 0.68 0.71 0.90 0.87 0.83 0.8 0.77 0.83 0.73
LDPE 0.70 0.68 0.65 0.62 0.59 0.65 0.74 0.71 0.70 0.68 0.67 0.70 0.90 0.85 0.82 0.78 0.75 0.82 0.72
VP 0.70 0.69 0.66 0.63 0.60 0.66 0.74 0.73 0.72 0.7 0.69 0.72 0.90 0.89 0.86 0.82 0.79 0.85 0.74
Mean 0.70 0.68 0.65 0.62 0.59 0.65 0.74 0.72 0.71 .690 0.68 0.71 0.90 0.87 0.84 0.80 0.77 0.83 0.73
Storage 578 976 073 070 0.68
mean
C.D (p<0.05)
Packaging Material (PM) = 0.039
Storage (S) = NS
Drying Method (DM) = 0.02
PM xS = 0.088
PM x DM = NS
SxPM = NS

PM xS x DM = NS



mean capsaicin content of 0.83% (db)was recordeagld20 days of storage in
chilli powder prepared from mechanically dried bed, followed by 0.71% (db)
in chilli powder samples prepared from solar tunaréed chillies and minimum

capsaicin content of 0.64% (db) in sun dried sample

Among the packages used for storage studies ol plalvder samples,
vacuum packaging indicated lowest decrease in @psantent throughout 120
days of storage. The maximum mean capsaicin cormé&nd.85%(db) was
recorded during 120 days of storage in chilli powpdespared from mechanical
drier, followed by 0.72% (db) in chilli powder salep prepared from solar tunnel
dried chillies and minimum capsaicin content of6948lb in sun dried samples.

Irrespective of methods of drying of chillies, tmenimum mean capsaicin
content during 120 days of storage was recordedDRE packed samples as
0.72% (db) followed by 0.73% (db)in chilli powdeamsples packed in MLP
pouches. The maximum capsaicin content of 0.74%Wa@is recorded in vacuum

packaged samples.
4.4.1.4 Capsanthin (ASTA units)

Effect of drying methods, packaging materials ahorage period on
capsanthin content (ASTA units) of chilli powdemsgaes is indicated in Table
22.

The capsanthin content of chilli powder preparednfichillies dried under
sun, solar tunnel drier and mechanical drier aC4¥as 121.44, 122.58, 132.03
ASTA units respectively at 0 days of storage. Dgirgtorage of 120 days there
was significant decrease in capsanthin contentllothalli powder samples. In
LDPE pouches the maximummean capsanthin conterit36f90 ASTA units
during 120 days of storage was recorded in powdspgred from mechanically
dried chillies followed by 121.14 ASTA units in soltunnel dried chilli powder
samples, whereas, minimum capsanthin content ofO52@STA units was

observed in chilli powder prepared from sun drying.



Table 22: Effect of packaging materials, drying mdtods and storage period on capsanthin (ASTA) of deid chilli powder
(Kashmir Long-1)

Storage [Days]

Packagin Overall
MatergiJaI 9 Sun dried powder Solar tunnel dried powder Mechanical dried Powder Mean
0 30 60 90 120 Mean 0 30 60 90 120 Mean 0 30 60 90 120 Mean
LDPE 121.44 120.72 120.04  119.34 118.68 120.05 122.58 121.85 121.14  120.43  119.72121.14 132.03 131.46 130.89 130.32  129.77 130.9 124.03
MLP 121.44 119.21 118.44 117.7 116.95 118.75 12258 119.52 118.86 118.23  117.6 119.36 132.03  130.38  129.73  129.06  128.43129.93 122.68
&
VP 121.44 122.69 121.84  120.98 120.11 121.41 12258 12517 12437 12355  122.78123.69 132.03  133.39 13276 13216  131.55132.38 125.83
Mean 121.44 120.87 12011  119.34 118.58 120.07 5R2. 12218 121.46  120.74  120.03  121.40 132.03  131.7431.13  130.51 129.92  131.07 124.18
Storage 12535  124.9322 12423 12353  122.8433
mean
C.D (p<0.05)
Packaging Material (PM) = 1.012
Storage (S) = 1.034
Drying Method (DM) = NS
PM xS = NS
PM x DM = 3.08
S xPM = 3.06

PM x S x DM = NS



A decrease in capsanthin content during 120 daystarfige was also
observed in chilli powder samples packed in MLPgbh®ms. The maximum mean
capsanthin content 129.93 ASTA units was recordetchg 120 days of storage in
chilli powder prepared from mechanically dried bed, followed by 119.36
ASTA units in chilli powder samples prepared froofes tunnel dried chillies and
minimum capsanthin content of 118.75 ASTA unitsowger prepared from sun

dried chillies.

Among the packages used for storage studies off plvder samples,
vacuum packaging indicated lowest decrease in a#psacontent throughout
120 days of storage. The maximum mean capsantiitenipl132.38 ASTA units
was recorded during 120 days of storage in chibwger prepared from
mechanically dried chillies, followed by 123.69 A&Tunits in chilli powder
samples prepared from solar tunnel dried chilliegl aninimum capsanthin
content of 121.41 ASTA units in chilli powder prepa from sun dried chillies.

Irrespective of methods of drying of chillies, thminimum mean
capsanthin content during 120 days of storage waserded in LDPE packed
samples as 124.03 ASTA unitsfollowed by122.68 ASOtsin chilli powder
samples packed in MLP pouches. The maximum capsantmtent of 125.83

ASTA units was recorded in vacuum packaged samples.
4.4.1.5 Non Enzymatic Browning

Effect of drying methods, packaging materials atatage period on non-
enzymatic browning values of chilli powder sampkemdicated in Table 23.

The non-enzymatic browning values of chilli powgeepared from chilli
dried under sun, solar tunnel drier and mechanicat at 45°C was 0.092, 0.088,
0.060 respectively at 0 days of storage. Duringag® of 120 days there was
significant increase in non-enzymatic browning ‘esluof all chilli powder
samples. In LDPE pouches the maximummean non-erigybm@wning value of

0.205 during 120 days of storage was recordedilh pbwder prepared from sun



Table 23: Effect of packaging materials, drying metods and storage period on non-enzymatic browningalues(OD at 420
nm) of dried chilli powder (KashmirLong-1)

Storage [Days]

_____________________________________________________________________________ Overall
Mean
Packaging Sun dried powder Solar tunnel dried powder Mechanial dried Powder
Material | o L o L o o o o o e o o o e o e e e e e e e o e e
0 30 60 90 120 Mean 0 30 60 90 120 Mean O 30 60 90 120 Mean
MLP 0.092 0.113 0.166 0.219 0.27 0.172 0.088 0.099 0.106  0.113 0.12 0.105 0.06 0.093 0.099 0.104 0.109 0.093 0.123
LDPE 0.092 0.166 0.21  0.256 0.3 0.205 0.088 0.116 0.127 0.137 0.147 0.123 0.06 0103 0.111 0.118 0.125 0.103 0.144
VP 0.092 0.089 0.116 0.163 0.21 0.134 0.088 0.079 0.093 0.096 0.1 0.091 0.06 0.068 0.084 0.088 0.093 0.079 0.101
Mean 0.092 0.123 0.164 0.213 0.260 0.170 0.088 0.098 09.1 0.115 0.122 0.106 0.060 0.088 0.098 0.103 0.100.092 0.123

Storage 5089 0103 0124 0144 0.164

mean
C.D (p<0.05)

Packaging Material (PM) = 0.006
Storage (S) = 0.029
Drying Method (DM) = 0.028
PM xS = NS
PM x DM = NS

S x PM = NS

PM x S x DM = NS



amples followed by 0.123 in chilli powder prepargdm solar tunnel dried
chillies whereas, minimum non-enzymatic browninguesof 0.103 was observed

in chilli powder prepared from mechanically driddlices.

An increase in non-enzymatic browning during 12(ydof storage was
also observed in chilli powder samples obtainedhfisun, solar tunnel drier and
mechanical drier when packed in MLP pouches. Thimmam mean non-
enzymatic browning value of 0.172 was recordedngui20 days of storage in
chilli powder prepared from sun dried chillies,léaved by 0.105 in chilli powder
samples prepared from solar tunnel dried chillied eninimum non-enzymatic

browning value of 0.093 in chilli prepared from rhaaical dried chillies.

Among the packages used for storage studies df pbivder samples, vacuum
packaging indicated lowest increase in non-enzymdirowning  values
throughout 120 days of storage. The mean non-enayrbaowning value of
0.134 was recorded during 120 days of storageilh powder prepared from sun
drying, followed by 0.091 in chilli powder samplpgepared from solar tunnel
dried chillies and minimum non-enzymatic browningiue of 0.079 in chillies

prepared from mechanically dried chillies.

Irrespective of methods of drying of chillies theaeximum mean non-
enzymatic browning values during 120 days of gferavas recorded in LDPE
packed samples as 0.144 followed by 0.123 in cpdlivder samples packed in
MLP pouches. The minimum non-enzymatic browninguealof 0.101lwas

recorded in vacuum packaged pouches.
4.4.1.6 Colour values (E, a*, b*, ¢, h (AE)) in chilli powder.

Effect of drying methods, packaging enais and storage period on
colour values (L*, a*, b*, c, hAE)) of chillies powder samples is indicated in
Table 24.

Drying methods influenced non significantly theaal parameter of chilli

powder prepared from chillies after pretreatmenith W, solution. The powder



prepared mechnanically had highest L*, a*, b*, d &nvalues followed by solar
tunnel dried samples and sun dried samples.At§9% @f storage maximum L*,
a*, b*, ¢ and h values recorded in mechanicalledirchilli powder were 32.19,
32.62, 39.01, 50.85 and 50.10 followed by 31.8278138.81, 50.12 and 50.70 in
solar tunnel dried samples and minimum 30.17, 3BXM2, 47.71 and 50.90 in

sun dried samples.

During storage there was decline in L*, a*, b*, @ues and increase in h
andAE values significantly influenced by packaging miale Vacuum packaging
helped to retain maximum L*, a*, b* values followbg MLP and LDPE. The L*
value after 120 days of storage varied from 31®82.05. During 120 days of
storage the maximum mean L* a* b*c, h aadE values recorded in
mechnanically dried, vacuum packaged chilli powsmples were 32.05,32.26,
38.83, 50.37, 50.34 and 0.59 followed by 30.9613238.72, 50.32,50.30 and
0.61 in mechanically dried chilli powder packed MLP pouches. The mean

minimum L*, a*, b*,c, h andAE values recorded were 31.90, 32.07, 38.06, 49.76,

49.92 and 1.01 chilli powder packed in LDPE pouch&se maximum mean L*,
a*, b*,c, h andAE values during 120 days of storage recorded &r $ohnel dried
vacuum packaged chilli powder sanples were 31.2373149.22, 50.84 and 1.28
followed by 31.13, 30.98, 37.96, 48.99, 50.78 ard® in solar tunnel dried chilli
powder packed in MLP pouches. The minimum mean d*, b*,c, h andAE
values recorded were 31.04, 30.86, 37.83, 48.82858nd 1.17 in chilli powder
packed in LDPE pouches.

The maximum mean L*, a*, b*c, h amtE values during 120 days of
storage recorded in sun dried vacuum packaged pbikder samples were 29.76,
29.79, 37.07, 47.55, 51.22 and 0.76 followed bydwed chilli powder packed in
MLP pouches as 29.67, 29.67, 36.89, 47.34, 51.@8 &r67 and the minimum

mean L*, a*, b*,c, h andAE values recorded were 29.63, 29.60, 36.48,46.85,

51.34 and 0.80 chilli powder packed in LDPE pouches



Table-24:  Effect of packaging materials, drying metods and storage period on La,b" values of dried chilli powder
(Kashmir long-1)

; Overall
33;}”& %‘;ﬁg ___________________ M Mean _________________. LoPE Mean ___________________ Ve Mean mean
0 30 60 90 120 0 30 60 90 120 0 30 60 90 120
Sun drying L* 30.17 29.91 29.67 29.42 29.18 29.67 30.17 29.85 29.61 29.38 29.15 29.63  30.17 30.06 29.79 29.53 29.27 29.76 29.69
a* 30.1 29.88 29.67 29.46 29.25 29.67 30.1 29.76 29.57 29.38 29.2 2960 30.1 30.06 29.82 29.59 29.36 29.79 29.69
b* 37.02 36.95 36.89 36.82 36.76 36.89  37.02 36.72 36.47 36.21 35.96 36.48  37.02 37.28 37.15 37.01 36.88 37.07 36.81
c 47.71 47.52 47.34 47.16 46.98 47.34  47.71 47.27 46.95 46.01 46.32 46.85  47.71 47.89 47.64 47.38 47.15 47.55 47.25
h 50.9 51 51.2 51.3 51.5 51.18 50.9 51 51 51.9 51.9 51.34 50.9 51.1 51.2 51.4 51.5 51.22 51.25
AE 0 0.35 0.67 1.01 1.33 0.67 0 0.41 0.8 1.2 158 0.80 0 0.38 0.77 1.14 151 0.76 0.74
Solar drying L* 31.82 31.47 31.12 30.78 3044 31.13  31.82 31.33 31.01 30.69 30.37 31.04 31.82 31.6 31.26 30.91 30.57 31.23 31.14
a* 31.71 31.33 30.97 30.61 30.26 30.98 31.71 31.17 30.82 30.47 30.13 30.86 31.71 31.48 31.1 30.72 30.35 31.07 30.97
b* 38.81 38.37 37.96 37.53 37.11 37.96 38.81 38.07 37.75 37.41 37.09 37.83 38.81 38.57 38.2 37.83 37.46 38.17 37.99
c 50.12 49.54 48.99 48.43 47.88 48.99 50.12 49.2 48.73 48.25 47.79 48.82 50.12 49.79 49.26 48.73 48.21 49.22 49.01
h 50.7 50.8 50.8 50.8 50.8 50.78 50.7 50.7 50.8 50.8 50.9 50.78 50.7 50.8 50.8 50.9 51 50.84 50.80
AE 0 0.68 1.33 1.98 263 132 0 0.6 1.17 1.76 232 117 0 0.65 1.28 1.92 254 128 1.26
© Mechanical L* 32.19 32.07 31.96 31.84 31.73 3196 32.19 31.98 31.88 31.78 31.68 31.90 32.19 32.19 32.07 31.95 31.84 32.05 31.97
w drying a* 32.62 32.38 32.13 31.89 31.65 32.13 32.62 323 32.05 31.8 31.56 32.07 32.62 32.43 32.2 31.99 31.77 32.20 32.13
b* 39.01 38.87 38.72 38.58 38.44 38.72 39.01 38.45 38.03 37.61 37.18 38.06 39.01 39.02 38.86 38.71 38.56 38.83 38.54
c 50.85 50.59 50.31 50.05 49.79 50.32 50.85 50.22 49.73 49.25 48.77 49.76  50.85 50.47 50.37 50.22 49.96 50.37 50.15
h 50.1 50.2 50.3 50.4 50.5 50.3 50.1 50.1 49.7 49.8 49.9 49.92 50.1 50.3 50.4 50.4 50.5 50.34 50.19
AE 0 0.3 0.61 0.92 1.22 061 0 0.52 1.01 1.51 202 1.01 0 0.3 0.6 0.89 117  0.59 0.74
T Toverall 7L 731397 3115 3092 3068 3045 3092 3139 31.0530.83  30.62 3040  30.86  31.39  31.28  31.04  30.80 5630. 31.01
storage mean a* 31.48 31.20 30.92 30.65 30.39 30.93 31.48 31.0830.81 30.55 30.30 30.84 31.48 31.32 31.04 30.77 4930. 31.02
b* 38.28 38.06 37.86 37.64 37.44 37.86 38.28 37.7537.42 37.08 36.74 37.45 38.28 38.29 38.07 37.85 6337. 38.02
c 49.56 49.22 48.88 48.55 48.22 48.88 49.56 48.90 8.474 47.84 47.63 48.48 49.56 49.38 49.09 48.78 448.4 49.05
h 50.57 50.67 50.77 50.83 50.93 50.75 50.57 50.60 0.506 50.83 50.90 50.68 50.57 50.73 50.80 50.90 051.0 50.80
AE 0 0.44 0.87 1.3 1.72 0.87 0 0.51 1 1.49 1.97 0.99 0 0.44 0.88 1.31 1.74 0.88
C.D (p<0.05)
Packaging material (PM) = 0.367
Storage (S) = 0.273
Drying Method (DM) = N.S
PM xS = 0.82
PM x DM = N.S
S xPM = N.S
PM x S x DM = 0.044



Irrespective of methods of drying and packagingemals used, the colour
values L*, a*, b*c decreased and over all mearueslrecorded were 31.01,
31.02, 38.02 and 49.05. The h anH values increased and maximum values
recorded were 50.80 and 0.88.

4.4.1.7 Moisture sorption isotherm

Table 25 shows the effect of pre-treatment, dryimgthods and storage
periods on moisture sorption isotherm of driedIcpibwder which depited that
the chilli powder samples prepared by differenthds and packed in LDPE,
MLP or vacuum packaged indicated significant gainmoisture content during
storage. The significant interaction effect wasesbed due to storage period and
packaging material on changes in water activity amaisture content. The sun
dried powder had an initial moisture content ofl49percent and aw of 0.16
which increased during 120 days of storage. Thenmalues of moisture content
and aw recorded after 120 days of storage were mari (9.34 percent and
0.534) in chilli powder samples packed in LDPE pwsg followed by (9.25
percent and 0.511) in chilli samples packed in Maduches and minimum
moisture content (9.23 percent and 0.405) recordedacuum packaged chilli
powder samples.

The solar tunnel dried chilli powder samples had imitial moisture
content of 9.19 per cent and aw 0.14 which inaéakiring 120 days of storage.
The maximum moisture content and aw vales recomded 9.36 percent and
0.513 in samples packed in LDPE pouches followe® 23 percent and 0.491
packed in MLP pouches and minimum moisture coraé€ft21 percent and 0.389

in vacuum packaged samples.

The mechanical dried powder samples had an imt@ikture content of
9.10 per cent and aw 0.13 which increased durin@g d2ys of storage. The
maximum moisture content and aw vales recorded @& percent and 0.498 in

samples packed in LDPE pouches followed by 9.16gu#rand 0.475 packed in



Table-25 : Moisture sorption isotherm of chilli powder (Kashmir Long-1)

0 day 30 days 60 days 90 days 120 days Mean

Method aW% Moisture% aW% Moisture% aW% Moisture% aW% Moist ure% aW% Moisture% aW% Moisture%

Metalized Laminated Polyester

T,SD 0.16 9.14 0.415 9.2 0.564 9.25 0.676 9.31 0.74 9.36 0.511 9.25
T,TD 0.14 9.19 0.398 9.21 0.558 9.23 0.638 9.24 0.72 6 9.2 0.491 9.23
_T;MD 013§ 9.1 . 0373 . 913 | 054 9.16 . 0631 919 | 0.7 . 9.22 _ATD . 9.16
Low Density Polyethene
T,SD 0.16 9.14 0.443 9.26 0.584 9.32 0.695 9.42 0.79 495 0.534 9.34
T,TD 0.14 9.19 0.432 9.3 0.576 9.37 0.676 9.44 0.74 9.51 0.513 9.36
S1 .T:MD____013 ¢ 91 . 0411 . 925 . 0556 _. 935 .. 0663 ! 944 073 . 951 0498 . 933 .
Vaccum Packaging
T,SD 0.16 9.14 0.276 9.17 0.43 9.21 0.541 9.29 0.62 9.36 0.405 9.23
T,TD 0.14 9.19 0.261 9.2 0.414 9.21 0.528 9.23 0.6 9.24 0.389 9.21
_IzMD 013 S 91 . 0205 . 911 . 0412 . 913 . 0503 ! 915 | 0626 . 791 0375 913
Storage 0.16 9.14 0.38 9.21 0.53 9.26 0.64 9.34 0.72 9.42
mean 0.14 9.19 0.36 9.24 0.52 9.27 0.61 9.30 0.69 9.34
0.13 9.10 0.33 9.16 0.50 9.21 0.60 9.26 0.69 9.30
CD (p<0.05)
Packaging material (PM) = 0.082
Storage (S) = 0.0199

PMx S = 0.272
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MLP pouches and minimum moisture content of 9.18cqu& and 0.375 in

vacuum packaged samples.
4.5. Drying studies
4.5.1 Sun and solar tunnel drying

Table 26 shows the effect of pre treatments arthods of drying on
final moisture content (db) of chilli samples

Sun drying of experimental chilli samples was ieafrout during the
month of sepetember 2012 & 2013. The maximum teatpes recorded during
the drying session 22+ and minimum was 12+, where as maximum RH
was 75+2% and minimum was 28+2% recorded over thiag period.

Pre treatments had exercised profound influencénah moisture content
of chilli samples. At the end of 84 hour of sunidgyun treated samples had
maximum moisture content of 14.45% db compareawet moisture content of
10.94 to 13.65% db in treated samples. Samplettpated with F solution had
10.43% db moisture at the end of 83 hour followgdlb.94% and 11.43% db

recorded after 84 hour in samples pre treated Wténd Ts solution respectively.

There was 28.58% reduction in drying time of ctsimples dried in solar
tunnel dryer which had maximum and minimum tempees of 38 +2 and 29+2
°C. The maximum and minimum relative humidity reeatdn solar tunnel dryer
were 552 and 15+2% respectively during the dnghglies. Un-treated samples
in solar tunnel dryer possessed moisture conted3ef3% db after 60 hours of
drying compared to 10.19 to 12.75% db moisture entecorded in pre treated
chillies with Tg to T; solution. Minimum moisture content of 9.85% dbeaf8

hours was recorded in samples pre treated witolution.
4.5.2 Mechanical drying

Table 27 shows the effect of pre treatments amdhamnical drying

temperatures on final moisture content (db) dfidamples.



Table 26: Effect of pre treatments and methods aofirying on final moisture
content (db) of chilli samples

Sun dried Solar tunnel dried
Pre- -
treat t . . . . . .
reatments Moisture (% Drying time  Moisture (% Drying time

db) (h) db) (h)

To 14.45 84 13.43 60

T1 43.65 84 12.75 60

T, 13.05 84 12.02 60

T3 12.72 84 11.64 60

T, 12.04 84 11.43 60

Ts 11.43 84 10.59 60

Te 10.94 84 10.19 60

T 10.43 72 9.85 48




Table 27: Effect of pre treatments and mechanicatlrying temperatures on
final moisture content (db) of chilli samples

Pre- 45°C 55°C 65°C
treatments

Moisture Drying Moisture Drying Moisture Drying
(% db) Time (% db) Time (% db) Time

(h) (h) (h)
To 11.10 36 10.22 19 9.87 10
T1 10.94 34 10.06 18 9.70 9
T 10.79 33 9.99 18 9.54 8
T3 10.69 32 9.78 18 9.41 8
Ta 10.60 30 9.59 17 9.24 8
Ts 10.41 29 9.42 17 9.06 8
Te 10.27 28 9.27 16.16 8.90 7.66
T7 10.15 26.33 9.09 16 8.72 7




In case of mechanical drying of chilli samples mbinet dryer, drying
temperature played an important role in decreasiagnoisture from the sample.
At 45 °C un treated samples took 36 hours to reach td fivmdsture content of
11.10% db where as trtaeted samples took 26.33! tho8rs to dry to 10.15 to
10.94%db. Chillies pre treated with olution took 26.33 hours at 46 to attain
a moisture content of 10.15% db followed by samplestreated with d'solution
which attained a moisture content of 10.27% dbr2&édours of drying at 4%.

Un treated chilli samples dried at %5 took 19 hours to attain a moisture
content of 10.22%db , where as, pre treated sanpdé&sl6 to 18 hours to attain
a moisture content of 9.09 to 10.06% db. Minimtime of 16 hours was
required to dry pre treated chillies at %5 for attaining minimum moisture
content of 9.09% db followed by chilli samples meated with Fsolution which
took 16.16 hours to attain final moisture contef®.@7% db. At 65C un treated
chilli samples took 10 hours to attain moistureteah of 9.87% db where as it
took 7 to 9 hours for pre treated samplesto attadisture content of 8.72 to
9.70% db. Chilli samples pre treated with T7 solutiook 7 hours to dry to a
moisture content of 8.72% db followed by 8.90% @gorded in T6 treated
samples after 7.66 hours.

4.6 Drying Kinetics
4.6.1 Mathematical Modelling

Table-28 records the?Rand RMSE values for drying kinetics. However
Fig. 10 and 11 shows the variation in drying bebawpf chillies at three different
temperatures and sun and solar drying. The grapre wbtained by plotting
weight changes, moisture ratio (Fig. 12) and drymtgs Vv/s time to get the drying
curves. Results from Fig. 12 shows that half ofrtiesture present was removed
during first hour of drying. All the chilli samplésad moisturecontent in the range
of 80-85 per cent on wet basis. Results showed dhathe drying proceeds a

gradual decrease in water content occurs due tgoeation of water



moleculesfrom the sample. Initially more that ab@&Gt per cent of moisture
content was evaporated from all samples in firsh®@utes and more than about
70 per cent in the first 2 hours of drying. Effedtincreasing temperature on
drying of samples is quite evident from the datatadearly shows increasing
temperature decreases the time duration of drjshugnerous models have been
proposed for drying kinetics of various foods. Tdesodels clearly reveal the
dependence of drying kinetics i.e. drying procesgime and temperature. Three
models namely Page Model, Newton Model, HundesdnsPdodel were used to
evaluate our data. The observed data was fittéekeiigiven models equations. The
drying constants were estimated using these modeht®ns. The drying
constants were estimated using these model eqsatidnying constants ranged
widely in 3 models. The empirical drying constafmtschillies and co-efficient of
determination (B at each temperature are given in Table 26. Theetien of the
best model to describe the drying behaviour ofliesiis based on the highest co-
efficient of determination (8 and lowest Chi-squarg?j and Root Mean Square
Error (RMSE). The page model showed the highéstaRies ranging from 0.989
to 0.993. Highest Rvalues of Page model imply that this equation tfis data
best. The Chi-squarg?j and RMSE in pages model showed a range of 0.06024
0.00149 and 0.0127-0.0372. The observations cledubyv that page model fits
the data best. In other words page model deschesisthe drying characteristics
of chillies.

4.6.2 Drying Characteristics of sun, solar tunnel ad mechanical drying at

(45, 55 and 65C)

The characteristics of dried chillies (Kashmir Lehgshowed in Table
28(a,b,c,d,e) which depicted that best pretreakéitl samples dried under sun ,
solar and mechanically dried, the sun dried sarhatkinitial weight of the chilli
sample was 500 gm which was reduced to 118.34 ¢en & hours of drying.
The average moisture content decreased from 44th465.27% db. At the
beginning the drying rate and MR was 0 and 1, tiyend rate varied from 1.685
to 5.014 and MR decreased from 1 to 0.0676. How#wercompletion of solar
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tunnel drying took 48 hours which showed a decreaseeight from 500 to
133.33 gm. The initial average moisture contenbmeded was 436.86% db which
was reduced to 39.72% db after 48 hours of dryiing. drying rate varied from O
to 1.8395 and MR decreased from 1 to 0.1042. Time tiaken by the chilli
samples to dry at mechanical dying of chillies iearout at 45, 55 and 65°C was
1680 minutes (28 hours ), 900 minutes (15 hours) 420 minutes (7 hours)
respectively. The decrease in weight of chillieedirat 45°C was from 1500 to
402 gm. However in chillies dried at 55 and 65°€ tlecrease in weight ranged
from 500 to 141.67 gm and 350 to 128.34 gm respagti The average moisture
content decrease from 441.45 to 23.91% db ; 424.%B.52% db and 410.85 to
77.29% db respectively in chilli dried at temparas of 45, 55 and 65°C. The
drying rate varied from 0 to 0.00088 and MR deadasom 1 to 0.10589 at
45°C. In 55 and 65°C the drying rate varied fromo 0.01616 and 0 to 0.0611 and
MR decreased from 1 to 0.1246 at 55°C and 1 to6a.22 65°C.
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Table 28: Results of Mathematical Modeling

Model Temperature K R? Chi-square RMSE n
Newton 45°C K=0.00061 0.980611 0.001912 0.042963
55°C K=0.00096 0.991511 0.000739 0.026366
65°C K=0.00175 0.965275 0.002984 0.051498
Page 45°C K=0.000159 0.992228 0.001492 0.037227 n=1.167956
55°C K=0.00099 0.993239 0.000244 0.012717 n=0.98711
65°C K=0.001095 0.989608 0.001310 0.031351 n=1.070688
Henderson 45°C K=0.0014 0.980611 0.010136 0.098926
Pabis
55°C K=0.00221  0.990532 0.003916 0.060709
65°C K=0.00404 0.962274 0.018078 0.118578
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Table 28a: Characteristics of sun dried chillies (lkkshmir Long -1)

Time (h)

Moisture

Weight Moisture Solids Moisture on  Average Drying rate MR
Reduction  removed(g) present dry basis moisture
(gm) (%db)
0 500.00 0.00 409.35 90.65 451.572 0.00 0.000
12 481.67 18.33 391.02 90.65 431.351 441.46 1.6859 0.955
24 368.34 131.66 277.69 90.65 306.332 368.84 6.0550 0.678
36 283.34 216.66 192.69 90.65 212.564 259.44 6.6427 0.470
48 210.01 289.99 119.36 90.65 131.671 172.11 6.6682 0.291
60 141.68 358.32 51.03 90.65 56.293 93.98 6.5916 1240.
72 120.01 379.99 29.36 90.65 32.388 44.34 5.8252 0.071
84 118.34 381.66 27.69 90.65 30.546 31.46 5.014 0.067
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Table 28b: Characteristics of solar tunnel dried clilies (Kashmir Long -1)

Weight Moisture Moisture Moisture on Average
Time (h)  reduction removed(g) resent Solids drv basis moisture  Drying rate MR
) yor Y (%db)
0 500.00 0.00 409.35 90.65 451.572 0.000 0.000
12 473.33 26.67 382.68 90.65 422.1511 436.861 P.453 0.9348
24 328.33 171.67 237.68 90.65 262.1953 342.173 86.66 0.5806
36 213.33 286.67 122.68 90.65 135.3337 198.764 58.52 0.2996

48 133.33 366.67 42.68 90.65 47.08218 91.207 1.8395 0.1042
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Table 28c: Characteristics of mechanical dried chiiles at 45°C (Kashmir Long -1)

Time (min) Weight Moisture Moisture Solids Moisture on Average Drying rate MR
Reduction (gm)  removed(g) present dry basis moisture (%db)

0 1500 0 1228.05 271.95 451.572 0.00 0.000 1
60 1445 55 1173.05 271.95 431.3477 441.45 0.339 550D
120 1360 140 1088.05 271.95 400.0919 415.71 0.262 .88509
180 1305 195 1033.05 271.95 379.8676 389.97 0.113 .84101
240 1260 240 988.05 271.95 363.3205 371.594 0.069 .80466
300 1205 295 933.05 271.95 343.0962 353.20 0.067 75938
360 1150 350 878.05 271.95 322.8719 332.98 0.056 71409
420 1120 380 848.05 271.95 311.8404 317.35 0.026 69086
480 1075 425 803.05 271.95 295.2933 303.56 0.034 65392
540 1025 475 753.05 271.95 276.9075 286.10 0.034 61320
600 980 520 708.05 271.95 260.3604 268.63 0.027 7686
660 870 630 598.05 271.95 219.9117 240.13 0.061 86991
720 835 665 563.05 271.95 207.0417 213.47 0.018 58a91
780 790 710 518.05 271.95 190.4946 198.76 0.021 2184
840 755 745 483.05 271.95 177.6246 184.05 0.015 93348
900 715 785 443.05 271.95 162.916 170.27 0.016 0UB6
960 685 815 413.05 271.95 151.8845 157.40 0.011 36648

1020 655 845 383.05 271.95 140.8531 146.36 0.010 31101
1080 640 860 368.05 271.95 135.3374 138.09 0.005 29930
1140 605 895 333.05 271.95 122.4674 128.90 0.011 27120
1200 570 930 298.05 271.95 109.5974 116.03 0.010 24230
1260 535 965 263.05 271.95 96.72734 103.16 0.010 21420
1320 510 990 238.05 271.95 87.53447 92.13 0.007 9384
1380 465 1035 193.05 271.95 70.98731 79.26 0.012 15720
1440 440 1060 168.05 271.95 61.79445 66.39 0.006 13684
1500 425 1075 153.05 271.95 56.27873 59.03 0.003 12462
1560 410 1090 138.05 271.95 50.76301 53.52 0.003 112a1
1620 406 1094 134.05 271.95 49.29215 50.02 0.0009 .10905
1680 402 1098 130.05 271.95 47.82129 48.55 0.0008 .10589
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Table 28 d: Characteristics of mechanical dried chiies at 55°C (Kashmir Long -1)

. Weight : : : Average
TMe reduction | MOSWE | Moisure g MOSWEON gure  Dyingrae MR
(9) (%db)
0 500.00 0.00 409.35 90.65 451.572 0.00 0.00 1
60 451.67 48.33 361.02 90.65 398.257 424.914 0.8890 0.8819
120 395.00 105.00 304.35 90.65 335.741 366.999 10.52 0.7434
180 365.00 135.00 274.35 90.65 302.647 319.194 30.18 0.6702
240 335.00 165.00 244.35 90.65 269.553 286.100 70.13 0.5969
310 303.33 196.67 212.68 90.65 234.616 252.084 20.11 0.5195
370 288.33 211.67 197.68 90.65 218.069 226.343 403.04 0.4829
430 270.00 230.00 179.35 90.65 197.848 207.959 70.04 0.4381
490 243.33 256.67 152.68 90.65 168.428 183.138 00.06 0.3729
550 228.33 271.67 137.68 90.65 151.880 160.154 00.03 0.3363
610 211.66 288.34 121.01 90.65 133.491 142.686 00.03 0.2956
670 193.33 306.67 102.68 90.65 113.270 123.381 00.03 0.2508
730 178.33 321.67 87.68 90.65 96.7236 104.997 6.022 0.2141
790 163.33 336.67 72.68 90.65 80.1765 88.4500 0.020 0.17755
850 155.00 345.00 64.35 90.65 70.98731 75.5819 08.01 0.1572
910 141.67 358.33 51.02 90.65 56.2824 63.6348 0.016 0.124637

970 136.67 363.33 46.02 90.65 50.76669 53.5245 56.00 0.112422
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Table 28e: Characteristics of mechanical dried cHikes at 65°C (Kashmir Long -1)

T egucion | Moswre | Moswe gy Moswreon 1 LUE byingae R
(9) (%db)

0 350.00 0.00 286.545 63.455 451.572 0.00 0.00 1
60 298.33 51.67 234.875 63.455 370.1442 410.8581 358307 0.8196
120 250 100 186.545 63.455 293.98 332.0621 0.635252 0.6510
180 206.67 143.33 143.215 63.455 225.6954 259.83770.379688 0.4997
240 178.34 171.66 114.885 63.455 181.0496 203.37250.186186 0.4009
300 160.01 189.99 96.555 63.455 152.163 166.6063 093263 0.3369
360 145.01 204.99 81.555 63.455 128.5242 140.3436 .0630644 0.2846
420 128.34 221.66 64.885 63.455 102.2536 115.3889 .061047 0.2264
480 96.67 253.33 33.215 63.455 52.34418 77.29887 101044 0.1159




Chapter -5
DISCUSSION

The present investigation “Effect of drying methodsd packaging
materials on storage stability and quality of ckdl was carried out in the
processing laboratory of Division of Post Harvesicinology, Sher-e-Kashmir
University of Agricultural Sciences and TechnolagfyKashmir, Shalimar during
the year 2011-2012 and 2012-2013.

An attempt has been made in the present invesiigti select a best pre-
treatment and drying method for getting an accdgtdbed chilli which remains
stable during storage. The quality with respegbhigsico-chemical properties of
dried chilli was monitored by drawing periodic sdegpduring ambient storage
period. The best treatment combination was caroedr in preparing chilli
powder which was packed in three different packagmaterials namely
metalized laminated pouches, low density polyetingjevacuum packaging and
evaluated for chemical parameters and moisturetisargsotherms. The results
are discussed in this chapter under following hegsli

5.1 Physico-chemical characteristics of fresh chill

Physical parameters recorded revealed that relil lsad an average length
of 11.21 cm, average breadth of 1.57 cm, avenagievweight of 9.060 g and seed
content 34 per cent. Chemical composition of chidivealed that it contained
80.686 per cent moisture (wb) and 0.648 per centediicing sugar. It had an
ascorbic acid of 49.4 mg/100g db, 0.38 per centieam (db) and 98.378 ASTA
units capsanthin. The colour values revealed thaad L*, a* b* values of
32.666, 20.913, 35.805 respectively.
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5.2 Experiment No. 1: Effect of pre-treatments, drying methods and
storage period on quality of whole chillies
(Kashmir Long-1)

5.2.1.1 Moisture content (%)

During drying operation there was reduction in rois content of chilli
samples which was influenced significantly<(9.05) by pre-treatments and
methods of drying. At the completion of drying pess, the moisture content of
open sun dried samples at (0) days of storage igagisantly higher than solar
tunnel dried samples in all treatments. The mogstantent recorded in open sun
dried samples without any pre-treatment was maximdm5% db where as the
moisture content of pre-treated samples varied o043 to 13.65% db.
Minimum moisture content (10.43% db) was recordedamples dried by using
T, as pre-treatment solution followed by 10.94%dbsamples pretreated with
Tesolution. The moisture content of chilli samplestla@ completion of solar
tunnel drying was maximum (13.43% db) in contrahpées and a lower value of
9.85 to 12.75%db was recorded in pre-treated sanplbe pretreatments
promotes the quality of the dried chilli as it rerae the wax layer of the surface
of chillies and allows the water in chilli to die from the surface hence, the
drying rate of the peppers is increased (Jyothial.,2008; Wiriya et al.,2009;
Kyung et al.,2012).

The mean moisture content of sun dried sample€a6@, 90 and 120
days of storage was 12.83, 13.19, 13.32, 13.45 aoedpto the lower values of
12.18, 12.61, 12.79, 12.96%db respectively in sdlarnel dried samples,
irrespective of treatments.Irrespective of dryingtinods and storage periods the
untreated samples possessed over all mean moistureent (14.77% db)
compared to lower values (10.82 to 13.89% db) @ated samples. Minimum
moisture content 10.82 and 11.57% db was reconmdesémples pre-treated with
T, and Ts solution respectively.The moisture of the driedlcimcreased during

storage because of its hygroscopic nature. It @ssoroisture from air. Same



results have been depicted by Famuresval. (2006), Toontomet al. (2012),
Ajaykumaset al. (2012).

5.2.1.2 Ascorbic acid (mg/100g db)

Pre-treatments, methods of drying and storage gerimmfluenced
significantly (p< 0.05) the ascorbic acid content in chilli samplég. the
completion of drying process, the ascorbic acida&r tunnel dried samples at 0
days of storage was significantly<{{®.05)higher than sun dried samples in all
treatments. The ascorbic acid content of pre tdestedried samples varied from
38.70 to 39.98 mg/100g db at (0) days of storagkecantrol samples recorded the
ascorbic acid content of 38.52 mg/100 g db. Maximasuoorbic acid content of
39.98 mg/100g was recorded in sun dried samplésepted with § solution. The
ascorbic acid content of pretreated solar tunnetddsamples at (0) days of
storage ranged from 39.62 to 41.08 mg/100g db amira samples recorded
39.47 mg/100g db ascorbic acid.The chilli sampkesddoy solar tunnel drying at
0 days of storage using pre-treatmepnth@dd a maximum ascorbic acid of 41.08
mg/100g db followed by dlpre treated samples (40.93 mg/100g db).

Markus et al.(1999) reported that loss of ascorbic acid was wuée
formation of caramelised products in red peppehigi drying temperature and
long time of drying. Ascorbic acid was degradedhipher temperatures and the
degradation product L-dehydroascorbic acid, DHHA®rtigipate in the
degradation with amino acid, producing a browningment. Not only does the
higher temperature of drying air affect the losasforbic acid but a long period

of drying time can also influence the loss.

The mean ascorbic acid content of sun dried sangpld®, 60, 90 and 120
days of storage was 38.97, 38.70, 38.03, 37.76 00g/ddb compared to the
higher values of 40.02, 39.77, 39.10, 38.84mg/1(fly respectively in solar
tunnel dried samples, irrespective of treatmemtespective of pretreatments and

storage days higher mean ascorbic acid value$ sdarapling dates were observed
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in solar tunnel dried samples (39.59 mg/100g dimpmared to (38.53 mg/100g
db) in open sun dried samples. Similar declinehan dscorbic acid was recorded
by Ajaykumaret al. (2012), Ananthiet al. (2004), Aniel and Sape (2009), Jyothi
et al. (2008) and Wiriyeet al. (2009).

5.2.1.3 Capsaicin (%db)

Since spices are considered non-perishable goggts stability of quality
parameters is a prerequisite. Besides colour, poygés the major quality
attribute of chillies and the spice products olgdirirom the fruits. While the
carotenoid profile and its changes have been aemattcomprehensive studies,
reports on the storage stability of capsaicinoids sctarce (Topuz and Ozdemir,
2004; Orak and Demicri, 2005). Pre-treatments aathads of drying influenced
significantly (< 0.05) the capsaicin content in chilli samples.ti# completion
of drying process, the capsaicin content of salan¢l dried samples at (0) days
of storage was significantly higher than sun dsadiples in all treatments. The
capsaicin content of pre treated samples varieah 893 to 0.939% db in sun
dried samples at (0) days of storage. However obrgamples recorded the
capsaicin content of 0.893% db.The capsaicin comtzmorded in open sun dried
samples using pre-treatment Was maximum 0.939% db followed by (0.925%
db) in samples pretreated withysblution. The capsaicin content of pretreated
samples dried under solar tunnel drier ranged fb893 to 1.077% db and
control samples recorded 0.975% db capsaicin. Tillk samples dried by solar
tunnel drying at O days of storage using pre-treatml; had a maximum
capsaicin content of 1.077% followed by(T.053% db).

The mean capsaicin content of solar tunnel drieap$es at 30, 60, 90 and
120 days of storage was 0.973, 0.922, 0.897, (cBi#pared to the lower values
of 0.868, 0.845, 0.816, 0.761% in open sun driedddsamples, irrespective of
treatments.Higher mean capsaicin content valuesallasampling dates were
observed in solar tunnel dried samples (0.938%)pewed to (0.840%) in open

sun dried samples irrespective of pretreatmentstordge days.
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Similar results were observed by and Chatagea. (1999), Mayet al.
(1999), Anonymous (2005), Schweiggettal. (2005), Jyothiet al. (2008) and
Sanatombi and Sharma (2008).

5.2.1.4 Capsanthin (ASTA Units)

The main pigment in chilli is capsanthin which eagarded as functional
material because it can stimulate singlet oxygeenghing ability and prevent
colour degradation (Aleksandra and Biserka, 2004e capsanthin content of
chilli samples decreased during storage and saamifly in all samples. The initial
capsanthin content of fresh chillies was 98.378 ASihits fresh weight basis.
Pre-treatments, drying methods and storage pernifidenced significantly
0.05) the capsanthin content in chilli samples. tA¢ completion of drying
process, the capsanthin content of solar tunneldsamples at O days of storage
was significantly higher than open sun dried sasipte all treatments. The
capsanthin content of pre treated sun dried sanwalesd from 114.06 to 119.45
ASTA Units at (0) days of storage, however contsaimples recorded the
capsanthin content of 113.64 ASTA Units.The capgsantontent recorded in
open sun dried samples using pretreatmenia$ maximum 119.45ASTA units.
The capsanthin content of pretreated samples dnddr solar tunnel drier ranged
from 115.74 to 121.51 ASTA Units and control sagsplecorded 115.19 ASTA
Units at (0) days of storage.The chilli sample®dlrby solar tunnel drying at 0
days of storage using pre-treatmenthiad a maximum capanthin content of
121.51 ASTA Units followed by ¢l{121.30 ASTA Units).

Higher mean capsanthin content values during 138 dé& storage were
observed in solar tunnel dried samples (117.38 A8mi#s) compared to (115.75
ASTA units) in open sun dried samples. The mearsaapin content of solar
tunnel dried samples at 30, 60, 90 and 120 daystovhge was 118.11, 117.61,
116.74, 116.05 ASTA units compared to the lowewueal of 116.32, 116.22,
115.27, 114.45 ASTA units respectively in open dtad samples, irrespective of
treatments.Ramakrishnan and Francis (1973) showatl the major colour



changes in dried chilli was due to the productibmrown pigments due to high
temperature and Malliard reaction. Similar resuftave been depicted by
Anonymous (2005), Schweiggeatt al. (2005), Jyothiet al. (2008) and Naimat
al. (2013).

5.2.1.5 Reducing sugar (%)

Pre-treatments, methods of drying and storageentftad significantly
0.05) the reducing sugar content in chilli sampkststhe completion of drying
process, the reducing sugar content of solar tudrietl samples at 0 days of
storage was significantly higher than open sunddsemples in all treatments. The
reducing sugar content of pre treated sun driedpksmmvaried from 0.583 to
0.591% db. However control samples recorded theiciad sugar content of
0.582% db. The reducing sugar content recordeghém gun dried samples using
pre-treatment 7was maximum 0.591% db followed by (0.590% db)amples
pretreated with gsolution. The reducing sugar content of pretreatedples dried
under solar tunnel drier ranged from 0.613 to (%1db. Control samples
recorded reducing sugar content of 0.611% db. Tilé samples dried by solar
tunnel drying at O days of storage using pre-treatml; had a maximum
reducing sugar content of 0.617% db which was foahcar with samples

pretreated with gsolution.

Higher mean reducing sugar content values at afipiag dates were
observed in solar tunnel dried samples (0.533%cdhb)pared to (0.511% db) in
open sun dried samples irrespective of pretreasnant storage period. The
reducing sugar content of chilli samples decreakethg storage significantly in
all samples. The mean reducing sugar content af $ahnel dried samples at 30,
60, 90 and 120 days of storage was 0.574, 0.548,700.441% db compared to
the lower values of 0.563, 0.514, 0.464, 0.425%edipectively in open sun dried
samples, irrespective of treatments.It is suggetstaidthe degradation of reducing
sugar during storage is attributed to the formatadinbrowning compounds

resulting by the reaction of sugars and amino ag{gsing et al.,2012). The chilli
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dried by solar drying method had a reducing sudad.®33 per cent and chilli
dried by sun drying method 0.511 per cent. Thelt®suvere in close proximity
with Joy et al. (2001), Mangaragt al. (2001), Leeet al. (2004), Sadhna and
Bharti (2005) and Wiriyat al. (2009).

5.2.1.6 Non-Enzymatic Browning

Pre-treatments are widely used to control brownag) they inhibit
enzymatic browning by acting as reacting with inmtediates in the Malliard
reaction leading to prevention of pigmentation (@r@nd Bharti, 2005).At the
completion of drying process, the non enzymationmiag values of open sun
dried samples at (0) days of storage was signifigangher than solar tunnel
dried samples in all treatments. The non-enzyniatevning values recorded in
open sun dried samples without any pre-treatmestmaximum 0.150 at O days
of storage where as the non-enzymatic browningeglof pre-treated samples
varied from 0.146 to 0.149. Minimum non-enzymatiovining value of (0.146)
was recorded in samples dried by usinga$ pre-treatment solution followed by
0.146 in & pretreated samples. The non-enzymatic browningevalii chilli
samples at the completion of solar tunnel drying (08 days of storage was
maximum (0.125) in control samples and a lower @abfi 0.123 to 0.125 was
recorded in pre-treated samples. Minimum non-entigmarowning values of
(0.123) was recorded in samples which were drigsl asing T as pre-treatment

followed by 0.124 in §pretreated samples.

Browning is a major factor contributing to qualityss in foods. The
change in colour is important for determining dripabduct quality (Lee et
al.,1991). The non enzymatic browning values of chdamples increased
significantly during storage in all samples. Higlheean non enzymatic browning
values were observed in open sun dried sample§{pDdompared to (0.135) in
solar tunnel dried samples irrespective of pretneat and storage.The mean non
enzymatic browning values of sun dried samplesOat6®, 90 and 120 days of
storage were 0.162, 0.168, 0.177, 0.181 comparédetdower values of 0.130,
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0.136, 0.141, 0.146 respectively in solar tunneédrsamples, irrespective of
treatments. Pigment oxidation and decompositioe, tuthe higher exposure of
oxygen when an intensive vaporization take placéhensurface of chilli was the

reason of increase in NEB during storage (Topuz@aakmir, 2004).

Similar results are observed by Ahmad and Shivaf®1), Jasim and
Shivare (2001), Guptat al. (2002), Kumariet al. (2003).

5.2.1.7 Colour values (L, a, b") in Sun dried chilli

The Lvalue of treated samples at (O)day varied from 28® 30.52
compared to minimum (I value of 27.65in untreated samples.Maximum a*
value of 24.23 was recorded in samples pretreatddw solution at (0) days of
storage. The a* values recorded after 120 daydovége varied from 19.50 to
22.59 in treated samples compared to a* value af3L$h control samples.The
untreated samples had b* value of 11.78, whereaseld samples have b* values
of 11.87 to 12.68. Maximum b* value of 12.68 wasoreled in samples pretreated
with T solution at (0) days of storage.The untreated $ss1ipad c value of 24.74,
whereas treated samples have c values of 24.98.85.2he (c) values recorded
after 120 days of storage varied from 21.98 to 25¥Mtreated samples compared
to (c) value of 22.60 in control samples.The (Huga recorded after 120 days of
storage varied from 27.4 to 29.90 in treated sasptampared to (h) value of
29.90 in control samples. Maximum h value was olegin control samples.The
AE values recorded after 120 days of storage vémaa 0.591 to 4.733 in treated
samples compared to kalue of 0.000 in control samples.The decreaséarb*
is due to the formation of browning compounds.. Tiesults are in close
proximity with Shivareet al. (1981), Shrivastavat al. (1990), Aleksandra and
Biserka (2004), Naimet al. (2013).

5.2.1.8 Colour values (L*, a*, b*) in solar tunneldried chilli

Maximum L value of 31.56 was recorded in samplexrpated with T

solution at (0) days of storage. The L values r@edrafter 120 days of storage



varied from 27.51 to 30.20 in treated samples coetpto L value of 27.03 in
control samples. The untreated samples had a* valu22.81 at (0) days of
storage whereas treated samples have a* value8.@f 20 25.23.The untreated
samples had b* value of 12.50, whereas treated Isanave b* values of 12.62
to 13.44. Maximum b* value of 13.44 was recordedamples pretreated withy T
solution at (0) days of storage.The c values resmbrafter 120 days of storage
varied from 23.63 to 23.67 in treated samples coetpso c value of 23.30 in
control samples.The untreated samples had h val28.60 which is found at par
with samples pretreated withy Solution, whereas treated samples have h values
of 28.00 to 28.70. Maximum h value of 30.10 wasrded in control at 120 days
of storage.The\E values recorded after 120 days of storage védirged 0.606 to
4.748 in treated samples compared to L value o0®. control samples.

MaximumAE value was observed in samples pretreated wigolltion.

Similar results are observed by Zhan (1996), Sktaxaet al. (1990),
Hossain and Bala (2002) and Weeraahai. (2002).

5.3 Experiment No. 2: Effect of pre-treatments, mechanical drying
temperatures and storage period on quality of
chillies (Kashmir Long-1)

5.3.1 Physico-chemical characteristics of dried chi
5.3.1.1 Moisture content (%)

At the completion of drying process, the moisturatent of chilli samples
dried at 45°C at 0 days of storage was signifigahifjher than samples dried at
55° and 65 °C in all treatments. The moisture auntecorded in chilli samples
dried at 45°C without any pre-treatment was maxiniLini0% db where as the
moisture content of pre-treated samples varied frodl5 to 10.94% db.
Minimum moisture content (10.15% db) was recordedamples dried by using
T, as pre-treatment solution followed by 10.27% dlkamples pretreated withy T
solution.The moisture content of chilli samplesra completion of mechanical

drying at 55°C was maximum (10.22% db) in contarhples and a lower values
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of 9.09 to 10.06% db was recorded in pre-treatedpsss. Minimum moisture
(9.09% db) was recorded in samples which were dafer using ¥ as pre-

treatment followed by 9.27% db in samples driech@isis as pretreatment.The
moisture content of chilli samples at completiondofing at 65°C (at O days of
storage) was maximum (9.87% db) in control samatet a lower value of 8.72
to 9.70% db was recorded in pre-treated samplesinMim moisture (8.72% db)
was recorded in samples which were dried after gusin as pre-treatment
followed by 8.90% db in samples pretreated wigsdlution.Wiriyaet al. (2009)

reported the higher drying temperatures for longogeresulted in a rapid loss of
moisture. Therefore higher temperature recorde@tonoisture and vice-versa.

The mean moisture content of chilli samples dried5aC after 30, 60, 90
and 120 days of storage were 11.15, 11.45, 11.587% db compared to the
lower values of 10.33, 10.58, 10.78, 10.87% disamples dried at 55°C and
further lower values of 9.93, 10.17, 10.36, 10.4886in samples dried at 65°C,
irrespective of pretreatments.Higher mean moisttoetent values during 120
days of storage were observed in chilli samplegddat 45°C (11.29% db)
compared to chilli dried at 55°C (10.44% db) anddo values in chilli samples
dried at 65°C (10.04% db), respectively. Duringage progression the moisture
increases because dried chilli absorbs moistura &w. The results are in close
proximity with Joyet al. (2001), Mangaragt al. (2001), Weerachaat al. (2002),
Lee et al. (2004), Sadhna and Bharti (2005) and SatyanaragadaVengaih
(2010).

5.3.1.2 Ascorbic acid (mg/100g db)

During mechanical drying operation there was rédacin ascorbic acid
of chilli samples which was influenced significan{p< 0.05) by pre-treatments,
methods of drying and storage. The ascorbic acmdetd of pre treated samples
varied from 53.21 to 55.51 mg/100g db at (0) dafystorage. However control
samples recorded the minimum ascorbic acid comeh8.20 mg/100 g db. The

maximum ascorbic acid content of 55.51 mg/100g dis wecorded in chilli



samples dried at 45°C using pre-treatment féllowed 55.21 mg/100g db in
samples pretreated withg $olution. The pretreated chilli samples had ascorbi
acid content in range of 49.12 to 50.87 mg/100@uuith control samples recorded
49.07 mg/100g db ascorbic acid. The chilli samplésd at 55°C at (0) days of
storage using pre-treatment fiad a maximum ascorbic acid content of 51.12
mg/100g db followed by 50.87 mg/100g db in sampbestreated with ¢
solution.The ascorbic acid content of pretreatedpses dried at 6% ranged from
40.95 to 42.44 mg/100g db and control samples decbrd0.95 mg/100g db
ascorbic acid at (0) days storage. The chilli samglried at 65°C at 0 days of
storage using pre-treatment lad a maximum ascorbic acid of 42.65 mg/100g
db followed by F (42.44 mg/100g db).Veget al. (2008) reported that the air
drying method had a detrimental effect on the tatarof the ascorbic acid. This
was because heated air inherently exposes the giramloxidation thus reducing
their ascorbic acid content.

The ascorbic acid content of chilli samples desedasignificantly during
storage in all samples. The mean ascorbic acidhitf dried at 45°, 55° and 65°C
at 30, 60, 90 and 120 days of storage was 53.534582.20, 51.81 mg/100g db
compared to the lower values of 49.41, 49.10, 4847892 mg/100g db and
41.21, 40.95, 40.26, 39.96 mg/100g db, irrespeativeeatments. Higher mean
ascorbic acid values at all sampling dates wererobd in chilli samples dried at
45°C (52.91 mg/100g db) compared to chilli driedb&tC (48.87 mg/100g db)
and chilli samples dried at 65°C (40.76 mg/100g,digspectively.During storage
ascorbic acid oxidizes into L-dehydroascorbic aedd due to light and
temperature (BeMiller and Whistler, 1996).

The results are in close proximity with Ahmad &fdvare (2001), Jasim
and Shivare (2001), Eleyinnat al. (2002), Guptaet al. (2002), Kumariet al.
(2003), Wiriyaet al. (2009) and Satyanarayana and Vengaih (2010).
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5.3.1.3 Capsaicin (%)

Capsaicin content of the fruit is an importaanstituent determining the
pungency of chillies. Pungency of chilli is an innfamt quality parameter which is
due to the mixture of 7 homologous branched chikyl &anillyl amides namely
capsiacinoids (Hoffmaet al.,1883). The capsaicin content of pre-treated samples
dried at 45°C varied from 0.954 to 1.094% db atd@s of storage. The control
samples recorded the capsaicin content of 0.922%Ttb capsaicin content
recorded in chilli samples dried at 45°C using fpe&tment ¥ was maximum
1.094% db followed 1.082% (db) in samples preteatith Tg solution. The
pretreated chilli samples dried at 55°C had capsaiantent in range of 0.724 to
0.775% db at (0) days of storage and control sasnpéeorded 0.716% db
capsaicin content. The chilli samples dried at 5&© days of storage using pre-
treatment 7 had a maximum capsaicin content of 0.775% dbo¥adld by
0.766% db in samples pretreated with sblution. The capsaicin content of
pretreated samples dried at 65°C ranged from 628716% db at (0) days of
storage and control samples recorded 0.615% dbaicapscontent. The chilli
samples dried at 65°C at 0 days of storage usimgtreatment T had a
maximum capsaicin content of 0.716% db followed78% db in samples

pretreated with gsolution.

. The capsaicin content of chilli samples decreasgdificantly during
storage in all treatments. The mean capsaicin nbratechilli samples dried at
45°, 55° and 65°C at 30, 60, 90 and 120 days ohgowere 0.976, 0.931, 0.898,
0.873% db compared to the lower values of 0.70867Q 0.634, 0.573% db and
0.621, 0.587, 0.557, 0.538% db, respectively, jreetive of treatments.Higher
mean capsaicin content values at all sampling datm® observed in chilli
samples dried at 45°C (0.940% db) compared toi chikd at 55°C (0.665% db)
and chilli dried at 65°C (0.592% db) , respectively



Loss of capsaicin and dihydro-capsaicin is a probie preparation and
storage of dehydrated pepper. Low storage temperatoproved retention of
capsiacinoids (Wanget al.,2009). Similar results were observed by Peiral.
(2001), Eleyinmiet al. (2002), Ayharet al. (2009), Wiriyaet al. (2009), Manjula
et al. (2011) and Kwanhathat al. (2012).

5.3.1.4 Capsanthin (ASTA Units)

The capsanthin content of pre treated samples dti@®’C varied from
126.93 to 127.52 ASTA units at (0) days of storagewever control samples
recorded the capsanthin content of 126.73 ASTAsurlihe capsanthin content
recorded in chilli samples dried at 45°C using fpe&tment ¥ was maximum
127.72 ASTA units at (0) days of storage followed 127.52 ASTA units in
samples pretreated withs $olution. The pretreated chilli samples dried atCs55
had capsanthin content in range of 126.75 to Z2ASTAunits at (0) days of
storage whereas, control samples recorded capsacwhient of 126.57 ASTA
units at 0 days of storage.The chilli samples dee®&5°C at 0 days of storage
using pre-treatment;Thad a maximum capsanthin content of 127.57 ASiiésu
followed by127.32 ASTA units inglpretreated samples. The capsanthin content
of pretreated chilli samples dried at 65°C ranfjedh 126.52 to 127.44 ASTA
units at (O)days of storage whereas, control sessn@eorded capsanthin content
of 126.32 ASTA units. The chilli samples dried &® using pre-treatment; T
had a maximum capsanthin content of 127.44 ASTiéswat (0) days of storage
followed by samples pretreated withy 3olution as 127.21ASTA units.lt was
observed by Kimet al. (2004) that ASTA colour values were found better in
modified method (mechanical) of drying as compacethe conventional method

(sun and solar) of drying.

The capsanthin content of chilli samples decreasgudificantly during
storage in all samples. The mean capsanthin coafetftilli samples dried at 45°,
55° and 65°C irrespective of pretreatments at 80,96 and 120 days of storage
were 127.17, 126.60, 126.06, 125.13 ASTA units caneqb to the lower values
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of 126.97, 126.38, 125.84, 124.79 ASTA units and.72, 126.19, 125.54,
1224.50 ASTA units, irrespective of treatments.kigimean capsanthin content
values at all sampling dates were observed iniagthples dried at 45°C (126.44
ASTA units) compared to chilli dried at 55°C (126.ASTA units) and chilli
dried at 65°C (125.97 ASTA units), respectivelymiar decline in ASTA in
dried chilli was observed by Jasim and Shivare 120Rimet al. (2004), Sunaet

al. (2006), Ljubo et al. (2007) and Sankrit and Nantawan (2009). The
pretreatment combinations recorded maximum ASTAabse of protecting the
samples against oxidation and other chemical m@axtiforming browning

compounds.
5.3.1.5 Reducing sugar (%)

The reducing sugar content of pre treated sampied €t 45C at (0) days
of storage varied from 0.599 to 0.614%. Howevertmyrsamples recorded the
reducing sugar content of 0.594% db. The reducimgais content recorded in
chilli samples dried at 45°C using pre-treatmepwas maximum 0.614% db at
par with samples pretreated with Jolution at (0) days of storage. The pretreated
chilli samples dried at 5& at (0) days of storage had reducing sugar colirtent
the range of 0.541 to 0.543% db and control sampesrded 0.541% db
reducing sugar content. The chilli samples dried®IC at 0 days of storage
using pre-treatment;Thad a maximum reducing sugar content of 0.543%tdb
par with Ts pretreated samples. The reducing sugar contgmietrfeated samples
dried at 68C at (0) days of storage ranges from 0.511 to @&H® whereas,
control samples recorded reducing sugar contert50%. The chilli samples
dried at 68C at O days of storage using pre-treatmenth@d a maximum

reducing sugar content of 0.513% db at par witlpiietreated samples.

Remarkable difference in reducing sugar depictel@@easing trend of
reducing sugar (%) during storage progression. rEaeicing sugar content of
chilli samples decreased significantly during sgeran all samples. The mean
reducing sugar content of chilli dried at 45°, 3d 65°C at 30, 60, 90 and 120
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days of storage was 0.566, 0.538, 0.480, 0.434%odipared to the lower values
of 0.507, 0.481, 0.430, 0.389% db and 0.478, 0.45406, 0.367% db,
respectively, irrespective of treatments.This daseeis attributed to formation of
browning compounds due to the non-enzymatic brogvmeaction known as
Malliard reaction.Higher mean reducing sugar convatues at all sampling dates
were observed in chilli samples dried a®@50.525% db) compared to chilli
dried at 58C (0.470%db) and chilli dried at 85 (0.444% db) , respectively,

irrespective of pretreatments and storage periods.

The findings are in close proximity to that obsery Ramakrishnan and
Francis (1973), Ljubat al. (2007), Wiriyaet al. (2009) and Ajaykumaet al.
(2012).

5.3.1.6 Non-Enzymatic Browning (OD at 420nm)

The non-enzymatic browning values recorded in ickdimpes dried at
45°C without any pre-treatment was maximum 0.24&netas the non-enzymatic
browning values of pre-treated samples varied ffbfll to 0.239. Minimum
non-enzymatic browning value of 0.111 was recontleslamples dried by using
T, as pre-treatment solution followed by 0.120 in gla® pretreated with gT
solution. The non-enzymatic browning value of ctslhmples at the completion
of drying at 55°C was maximum (0.344) in contraingdes and a lower value of
0.298 to 0.343 was recorded in pre-treated samalef)) days of storage.
Minimum non-enzymatic browning value (0.298) wasoreled in samples which
were dried after using ;7Tsolutionas pre-treatment followed by 0.299 i@ T
pretreated samplesThe non-enzymatic browning of chilli samples at the
completion of drying at 65°C was maximum (0.504)cimtrol samples and a
lower value of 0.374 to 0.502 was recorded in peated samples at (0) days of
storage. Minimum non-enzymatic browning (0.374) wasorded in samples
which were dried after using-;Tas pre-treatment followed by 0.461 iy T
pretreated samples.The non-enzymatic browning sakagied significantly with

different treatment combinations.Non-enzymatic tieas increase in rate at



higher temperatures and at intermediate moisturelde This reaction is a
diffusion controlled binary reaction between amexmd and reducing sugar. It
produces colour important for flavour but in drielilli it's a negative attribute

because it decreases colour (Ljuwbal.,2007).

The non-enzymatic browning of chilli samples ine®@ during storage
significantly in all samples. The mean non-enzymatiowning values of chilli
samples dried at 45, 55 and 65°C at 30, 60, 9012@ddays of storage were
0.275, 0.295, 0.394, 0.437compared to the lowanesl of 0.358, 0.419, 0.485,
0.564 and 0.484, 0.519, 0.573, 0.655, irrespedativeeatments.The mean non-
enzymatic browning values during 120 days of steragre observed in chilli
samples dried at 45°C (0.319) compared to highleresan chilli samples dried at
55°C (0.428) and chilli samples dried at 65°C (@)54respectively, irrespective
of pretreatments and storage days.

Similar results were reported by Hayaeh al. (1997), Howardet al.
(1994), Fairfieldet al. (2002), Sunat al. (2006) and Vegat al. (2008),

5.3.1.7 Colour values (L*, a*, b*) in chilli dried at 45°C

Maximum L value of 31.81 was recorded in sampledrpated with T
solution at (0) days of storage. The untreated $&ssnpad a* value of 23.46,
whereas treated samples have a* values of 23.8%.85. Maximum a* value of
25.95 was recorded in samples pretreated withsdlution at (0) days of
storage.The untreated samples had b* value of 13/hB8&reas treated samples
have b* values of 13.68 to 14.57. Maximum b* vabfel4.57 was recorded in
samples pretreated with; Bolution at (0) days of storage.The untreated $ssnp
had c value of 27.09, whereas treated samples tiaadues of 27.34 to 29.76.
Maximum c value of 29.76 was recorded in samplegr@ated with T solution at
(0) days of storage.The untreated samples hadue \dl30.00 which is found at
par with samples pretreated with $olution, whereas treated samples have h

values of 29.30 to 30.00. Maximum h value of 30w recorded in control at



120 days of storage.TheE values recorded after 120 days of storage véiroed
0.620 to 4.919 in treated samples compared\Eovalue of 0.000 in control
samples. MaximumAE value was observed in samples pretreated with T

solution.

With storage the decrease in La*b* is attributedtie formation of
browning compounds. The results are in close prixiwith Park and Lee
(1975), Minguezet al. (1994), Ibrahim and Mehmet (2002), Ljulebal. (2007)
and Kwanhathagt al. (2012).

5.3.1.8 Colour values (L*, a*, b*) in chilli dried at 55°C

The L* values recorded after 120 days of storageedafrom 27.05 to
29.96 in treated samples compared to L* value ab&6n control samples.
Maximum L* value was observed in samples pretreatétl T, solution. The
untreated samples had a* value of 21.14, whereasett samples have a* values
of 21.33 to 23.38. Maximum a* value of 23.38 wasoreed in samples pretreated
with T solution at (0) days of storage.The untreated $smpad b* value of
11.67, whereas treated samples have b* values.@B1b 12.42. Maximum b*
value of 12.42 was recorded in samples pretreatddw solution at (0) days of
storage.The untreated samples had c value of 24Héreas treated samples have
c values of 24.37 to 26.47. Maximum c value of Z6whas recorded in samples
pretreated with T solution at (0) days of storage.The untreated $smpad h
value of 28.90 which is found at par with samplestireated with T solution,
whereas treated samples have h values of 28.08.86).2Maximum h value of
29.90 was recorded in control which is found at\wih samples pretreated with
T, solution at 120 days of storage.Th& values recorded after 120 days of
storage varied from 1.361 to 5.100 in treated sampbmpared taE value of
0.000 in control samples. Maximuf\E value was observed in samples pretreated
with T solution.The results were in close proximity willose of Ramakrishnan
and Francis (1973), Park and Lee (1975), Seinal. (2006) and Ljuboet al.
(2007).
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5.3.1.9 Colour values (L*, a*, b*) in chilli dried at 65°C

The untreated samples had L* value of 26.92, wisetesated samples
have L* values of 27.95 to 29.60. Maximum L* valok29.60 was recorded in
samples pretreated with; Folution at (0) days of storage. The untreatedpsesn
had a* value of 20.33, whereas treated samples &avalues of 20.51 to 23.57.
Maximum a* value of 23.57 was recorded in samplesrgated with T solution
at (0) days of storage.The untreated samples hadahte of 12.25, whereas
treated samples have b* values of 12.30 to 13.5&iMum b* value of 13.56
was recorded in samples pretreated withsdlution at (0) days of storage.The
untreated samples had c value of 23.74, whereaettesamples have c values of
23.97 to 27.19. Maximum c value of 27.19 was reedrth samples pretreated
with T7 solution at (0) days of storage. The untreatedpsesnhad h value of
31.10, whereas treated samples have h values 60 26. 31.00. Maximum h
value of 31.10 was recorded in control at 120 dafystorage.TheAE values
recorded after 120 days of storage varied from31675.592 in treated samples
compared toAE value of 0.000 in control samples. Maximukik value was
observed in samples pretreated withsblution.Similar results are observed by
Ibrahim and Mehmet (2002), Ljuleb al. (2007) and Kwanhathat al. (2012).

5.4  Experiment No. 3: Effect of packaging materialand storage period
on quality attributes of chilli powder

The best pre-treatment, [25 g Potassium Carbonate + 10 ml ground nut
oil + 1 g gum acacia + 0.01 g BHA per litre for (fbn.) dip time the samples
were samples were dried under sun, solat tunnet dti45°C powder was made
from samples and stored in three packaging matemals carried over for

experiment No. 3. No other pre-treatment was stufligher.



5.4.1 Physico-chemical characteristics of dried chipowder
5.4.1.1 Moisture content (%)

The moisture content of chilli powder prepared frohilli dried under
sun, solar tunnel drier and mechanical drier aC4®@as 9.19, 9.14 and 9.10%
(db) respectively at 0 days of storage. During agjer of 120 days there was
significant increase in moisture content in alllicipowder samples due to drying
method, packaging material and storage period. DPEE pouches maximum
mean moisture content of 9.29% (db) was recordethiih powder prepared from
sun dried chillies during 120 days of storage,oiwkd by 9.23% (db) in chilli
powder prepared from solar tunnel dried chilliesevdas, minimum moisture
content 9.21% (db) was observed in chilli powdapared from mechanical dried
chillies. An increase in moisture content durind lI#ays of storage was also
observed in chilli powder samples when packed irPMiouches. The maximum
mean moisture content of 9.27% db was recordech@ur?0 days of storage in
chilli powder prepared from sun drying, followed 8y2% (db) in chilli powder
samples prepared from solar tunnel dried chillied minimum moisture content
of 9.16% (db) in chilli powder samples preparedrfrmmechanical dried chillies.
Among the packages used for storage studies df pbivder samples, vacuum
packaged MLP pouches indicated lowest increaseaistare content throughout
120 days of storage. The mean moisture content.2f%(db) was recorded
during 120 days of storage in chilli powder prepgafeom sun dried chillies
followed by 9.16% (db) in chilli powder samples paeed from solar tunnel dried
chillies and minimum moisture content of 9.12% (db)hilli powder prepared
from mechanical dried chillies.Irrespective of nuth of drying of chillies the
mean moisture content during 120 days of storagereeorded in chilli powder
packed in LDPE pouches was 9.24%(db) followed.Bg% (db) in chilli powder
samples packed in MLP pouches. The minimum moistorgent of 9.16%db
was recorded in vacuum packaged MLP pouches samiples observed that,

there was a difference in the moisture contentdl owder obtained from three
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drying methods. This difference is attributed to@mtion of high temperature
during grinding of chillies (Mallappet al. 2015)

Since chilli powder is highly hygroscopic in nauand can cause
moisture gain from air and result in quality logsdaed powder during storage
progression. Vacuum packaging prevents the aiats& moisture gain hence acts
as the best packaging material for storing chdlivder (Hayamet al.,1997).

Similar results were reported by Thompson (1994):field et al. (2002),
Howardet al. (2000) and Owt al. (2002).

5.4.1.2 Ascorbic acid (mg/100g db)

Ascorbic acid is degraded by higher temperaturas$ the degradation
product (L dehydroascorbic acid, DHAA) could papdate in Strecker
degradation with amino acid, producing a browningent. Not only does the
high temperature of drying air affect the loss et@bic acid, but a long period of
drying time can also introduce a significant lo$sgcorbic acid(Mallappat al.
2015 ; Kwanhathagt al. 2012)

During storage of 120 days there was significamtese in ascorbic acid
(mg/100g db) of all chilli powder samples due totmoel of drying, packaging
material and storage. The maximum mean ascorbiccritent of 45.79mg/100g
(db) during 120 days of storage was recorded inhaxa@cal dried chilli powder
samples packed in LDPE pouches followed by 31.92.6fiy (db) in solar tunnel
dried chilli powder samples whereas, minimum ascoabid 31.23 mg/100g (db)
was observed in chilli powder prepared from sunmdyypacked in LDPE pouches.
A decrease in ascorbic acid during 120 days ohgmas also observed in chilli

powder packed in MLP pouches.

The maximum mean ascorbic acid 46.12mg/100g dbre@sded during
120 days of storage in chilli powder prepared fno@chanical drying, followed
by 32.33 mg/100g db in chilli powder samples predairom solar tunnel dried

chillies and minimum ascorbic acid of 31.40mg/10@gsun dried samples.



Among the packages used for storage studies df pbivder samples, vacuum
packaging indicated lowest decrease in ascorbid #uioughout 120 days of
storage. The maximum mean ascorbic acid of 46.§A00g (db) was recorded
during 120 days of storage in chilli powder prepafeom mechanically dried

chillies, followed by 32.59 mg/100g (db) in chilowder samples prepared from
solar tunnel dried chillies and minimum ascorbiedaaf 32.07 mg/100g db in

chilli powder prepared from sun dried chillies.ekpective of methods of drying
of chillies the minimum mean ascorbic acid during0ldays of storage was
recorded in LDPE packed samples was as 36.31 mg/(f)followed by 36.62

mg/100g (db) in chilli powder samples packed in Mhduches. The maximum
ascorbic acid content of 37.19 mg/100g (db) wasrded in vacuum packaged

samples.

The air drying temperature and oxygen had a dentahesffect on the
retention of ascorbic acid and heated air and axygderently exposes the
products to oxidation, reducing their ascorbic amdtent (Howardet al., 2000).
Similar results have been reported by Raliral. (2001), Ouet al. (2002), Marinet
al. (2004), Sidoniat al. (2005) and Sunet al. (2006).

5.4.1.3 Capsaicin (%db)

The capsaicin content of chilli powder preparedrirchillies dried under
sun, solar tunnel drier and mechanical drier aC4&as 0.70, 0.74, 0.90% (db)
respectively at 0 days of storage. During stordgE26 days there was significant
decrease in capsaicin content of all chilli pows@mples. In LDPE pouches the
maximummean capsaicin content of 0.82%(db) duridg days of storage was
recorded in mechanically dried samples followedOb§0%(db) in solar tunnel
dried chilli powder samples, whereas, minimum cegusacontent of 0.65%(db)
was observed in chilli powder prepared from sunmdyypacked in LDPE pouches.
A decrease in capsaicin content during 120 daystarhge was also observed in
chilli powder samples when packed in MLP poucheBe Tmhaximum mean

capsaicin content of 0.83% (db)was recorded duti2z@ days of storage in chilli
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powder prepared from mechanically dried chilliesljofved by 0.71% (db) in
chilli powder samples prepared from solar tunneédirchillies and minimum
capsaicin content of 0.64% (db) in sun dried samplmong the packages used
for storage studies of chilli powder samples, vacipackaging indicated lowest
decrease in capsaicin content throughout 120 dystovage. The maximum
mean capsaicin content of 0.85%(db) was recordeagld20 days of storage in
chilli powder prepared from mechanical drier, fated by 0.72% (db) in chilli
powder samples prepared from solar tunnel drielfiehiand minimum capsaicin
content of 0.66%db in sun dried samples.Irrespecti¥ methods of drying of
chillies, the minimum mean capsaicin content durki2§ days of storage was
recorded in LDPE packed samples as 0.72% (db)wellbby 0.73% (db)in chilli
powder samples packed in MLP pouches. The maximapsaicin content of
0.74% (db) was recorded in vacuum packaged sarSple® results have been
observed Purat al. (2001), Kirschbaum-Titzet al. (2002a), Ouet al. (2002),
Marin et al. (2004), Sidoniat al. (2005) and Sunet al. (2006).

5.4.1.4 Capsanthin (ASTA Units)

The ASTA colour value is mainly attributable to tterotenoids (Kimet
al.,2004), the colour loss may be related to functibbrowning compounds since
red pepper contains considerable amounts of regusilgars and amino acids.
Gopalakrishna and Babylatha (2000) showed that jarncalour change in red
pepper during drying was due to the large increagbe brown pigments. The
capsanthin content of chilli powder prepared framilies dried under sun, solar
tunnel drier and mechanical drier at 45°C was 14£1122.58, 132.03 ASTA units
respectively at 0 days of storage. During storddE20 days there was significant
decrease in capsanthin content of all chilli powsenples. In LDPE pouches the
maximummean capsanthin content of 130.90 ASTA uditsng 120 days of
storage was recorded in powder prepared from mexdbn dried chillies
followed by 121.14 ASTA units in solar tunnel drietiilli powder samples,
whereas, minimum capsanthin content of 120.05 ASIAs was observed in



chilli powder prepared from sun drying and packetdDPE pouches. A decrease
in capsanthin content during 120 days of storage alao observed in chilli
powder samples packed in MLP pouches. The maximeannsapsanthin content
129.93 ASTA units was recorded during 120 daystofage in chilli powder
prepared from mechanically dried chillies, followbg 119.36 ASTA units in
chilli powder samples prepared from solar tunneédirchillies and minimum
capsanthin content of 118.75 ASTA unitsin powdegepared from sun dried
chillies.Among the packages used for storage ssudiechilli powder samples,
vacuum packaging indicated lowest decrease in a#psacontent throughout
120 days of storage. The maximum mean capsantiitenipl132.38 ASTA units
was recorded during 120 days of storage in chibwger prepared from
mechanically dried chillies, followed by 123.69 A&Tunits in chilli powder
samples prepared from solar tunnel dried chilliegl aninimum capsanthin
content of 121.41 ASTA units in chilli powder prepd from sun dried
chillies.Irrespective of methods of drying of ci@l, the minimum mean
capsanthin content during 120 days of storage waerded in LDPE packed
samples was as 124.03 ASTA unitsfollowed by122.68BTA unitsin chilli
powder samples packed in MLP. The maximum capsartbntent of 125.83

ASTA units was recorded in vacuum packaged samples.

This loss in the colour was also observed by Kiasharthy and Natarajan
(1973), Mahadevaia#t al. (1976), Pureet al. (2001), Marinet al. (2004), Reilly
et al. (2005) and Sidoniet al. (2005).

5.4.1.5 Non-Enzymatic Browning

The non-enzymatic browning values of chilli powgeepared from chilli
dried under sun, solar tunnel drier and mechanical at 45°C was 0.092, 0.088,
0.060 respectively at 0 days of storage. Durirayagfe of 120 days there was
significant increase in non-enzymatic browning esluof all chilli powder
samples. In LDPE pouches the maximummean non-erigybv@wning value of

0.205 during 120 days of storage was recordedilh pbwder prepared from sun
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dried samples followed by 0.123 in chilli powderepared from solar tunnel
dried chillies whereas, minimum non-enzymatic brmgnvalue of 0.103 was

observed in chilli powder prepared from mechanycdtied chillies.

An increase in non-enzymatic browning during 12(ydof storage was
also observed in chilli powder samples obtainedhfisun, solar tunnel drier and
mechanical drier when packed in MLP pouches. Thimmam mean non-
enzymatic browning value of 0.172 was recordedndui20 days of storage in
chilli powder prepared from sun dried chillies,léaved by 0.105 in chilli powder
samples prepared from solar tunnel dried chillied eninimum non-enzymatic
browning value of 0.093 in chilli prepared from rhaaical dried chillies.Among
the packages used for storage studies of chilliqenvgsamples, vacuum packaging
indicated lowest increase in non-enzymatic brownirajuesthroughout 120 days
of storage. The mean non-enzymatic browning valti®.%34 was recorded
during 120 days of storage in chilli powder prepladrem sun drying, followed by
0.091 in chilli powder samples prepared from sdtarnel dried chillies and
minimum non-enzymatic browning value of 0.079 inilleds prepared from
mechanically dried chillies.Irrespective of methoodf drying of chillies the
maximum mean non-enzymatic browning values dutid@ days of storage was
recorded in LDPE packed samples as 0.144 followe@®.b23 in chilli powder
samples packed in MLP. The minimum non-enzymatiowing value of

0.101was recorded in vacuum packaged samples.

Lee et al. (2004) suggested that using high temperatures rfgng air
results in the dark colour due to non-enzymaticwiiag reactions. At low
temperature of drying without excessive heatingi@aarly on product surface
prevents forming dark brown colour. Therefore &vaer drying air temperatures
a better quality powder can be produced.

The findings are in close proximity to that obsehy Jasim and Shivare
(2001), Kirret al. (2004), Sunat al. (2006) and Sankrit and Nantawan (2009).
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5.4.1.6 L* a* b*c, h andAE

Undesirable changes in the colour may lead to dseren quality and
marketing value of chilli powder. Therefore, thefaoe colour of the pepper is an
important criterion. Loss of red colour is causgdahto oxidation of carotenoids.
The stability of the carotenoids during storage hasn shown to depend on
drying conditions with the rate of deteriorationcri@asing as the drying
temperature increases (Figen and Mustafa, 2001k Ppbwder prepared
mechnanically at 45°C had highest L*, a*, b*, oydiues followed by solar tunnel
dried samples and sun dried samples.At (0) dagsondge maximum L*, a*, b*,
c, h values recorded in mechanically dried chithvyoler were 32.19, 32.62, 39.01,
50.85, 50.10 followed by 31.82, 31.71, 38.81, 508270 in solar tunnel dried
samples, and minimum 30.17, 30.10, 37.02, 47.71906 sun dried samples.
The L value after 120 days of storage varied frah®8 to 32.05. During 120
days of storage the maximum mean L*, a*, b*c, kd Ak values recorded in
mechnanically dried, vacuum packaged chilli powsmples were 32.05,32.26,
38.83, 50.37, 50.34, 0.59 followed by 30.96, 323872, 50.32,50.30, 0.61 in
mechanically dried, chilli powder packed in MLP pbas. The mean minimum
L*, a*, b*,c, h andAE values recorded were 31.90, 32.07, 38.06, 49982,
1.01 chilli powder packed in LDPE pouches .

The maximum mean L*, a*, b*,c, h amtE values during 120 days of
storage recorded in solar tunnel dried, vacuum ggett chilli powder samples
were 31.23,31.07, 49.22, 50.84, 1.28 followed by13]130.98, 37.96, 48.99,
50.78, 1.32 in solar tunnel dried chilli powder ked in MLP pouches. The
minimum mean L*, a*, b*,c, h andE values recorded were 31.04, 30.86, 37.83,
48.82, 50.78, 1.17 in chilli powder packed in LDp&tiches. The maximum mean
L*, a*, b*c, h andAE values during 120 days of storage recorded indsiad,
vacuum packaged chilli powder samples were 29.96/% 37.07, 47.55, 51.22,
0.76 followed by sun dried chilli powder packedMiLP pouches as 29.67, 29.67,
36.89, 47.34, 51.08, 0.67 and the minimum meanat},b*c, h andAE values



recorded were 29.63, 29.60, 36.48,46.85, 51.34) @I8lli powder packed in
LDPE pouches.

The results are in close proximity with those ofybia et al. (1997),
Kaleemullah and Kailappan (2004), Swstal. (2006), Palet al. (2008) Vegaet
al. (2008)and Mallappat al. (2015).

5.4.1.7Moisture sorption isotherms

The moisture sorption isotherms describe relatigndbetween water
activity and the equilibrium moisture content forf@od product at constant
pressure and temperature. These help in the optilmiz of process such as
design, packaging and processing problems for nmagleloisture changes which
occur during drying, it also help in predicting Bhife stability (Figen and
Mustafa, 2001).

The sun dried powder had an initial moisture contér9.14 percent and
aw of 0.16 which increased during 120 days of g@ralrhe mean values of
moisture content and aw recorded after 120 daysonhge were maximum (9.34
percent and 0.534) in chilli powder samples pacdkddPE pouches followed by
9.25 percent and 0.511 in chilli samples packeMifd pouches and minimum
moisture content 9.23 percent and 0.405 recordedaouum packaged chilli
powder samples. The solar tunnel dried chilli powdamples had an initial
moisture content of 9.19 per cent and aw 0.14 kvimncreased during 120 days of
storage. The maximum moisture content and aw valeesrded were 9.36
percent and 0.513 in samples packed in LDPE poudtesved by 9.23 percent
and 0.491 in samples packed in MLP pouches andymimi moisture content of
9.21 percent and 0.389 in vacuum packaged samiiesmechanical dried chilli
powder samples had an initial moisture content .40 Qer cent and aw 0.13
which increased during 120 days of storage. Theimman moisture content and
aw values recorded were 9.33 percent and 0.49&nmples packed in LDPE
pouches followed by 9.16 percent and 0.475 in sasnphcked in MLP pouches



and minimum moisture content of 9.13 percent al®¥®.in vacuum packaged
samples.

Among the packaging materials used, minimum charigesoisture
content and water activity were observed in vacypewkaged chilli powder
samples followed by MLP and LDPE packaged sam@asilar results have
been observed by Hayaghal. (1997), Kaleemullah and Kailappan (2004), Ljubo
et al. (2007), Pakt al. (2008) and Vegat al. (2008).

5.5 Drying studies
5.5.1 Sun and solar tunnel drying

Pre treatments had exercised profound influencenah moisture content
of chilli samples. At the end of 84 hour of sunidgyun treated samples had
maximum moisture content of 14.45% db compareawet moisture content of
10.94 to 13.65% db in treated samples. Sampletrgaeed with § solution had
10.43% db moisture at the end of 83 hour followgdlb.94% and 11.43% db
recorded after 84 hour in samples pre treated Wthnd T solution respectively.
Un-treated samples in solar tunnel dryer possessasture content of 13.43% db
after 60 hours of drying compared to 10.19 to 1%78b moisture content
recorded in pre treated chillies witly © T; solution. Minimum moisture content

of 9.85% db after 8 hours was recorded in sampiesrpated with Tsolution.
5.5.2 Mechanical drying

At 45 °C un treated samples took 36 hours to reach td fivgsture
content of 11.10% db where as treated samples 2683 to 34 hours to dry to
10.15 to 10.94%db. Chillies pre treated withsblution took 26.33 hours at 46
to attain a moisture content of 10.15% db folloviegdsamples pre treated witly T
solution which attained a moisture content of 1&2db after28 hours of drying
at 45°C. Un treated chilli samples dried at %5took 19 hours to attain a moisture
content of 10.22%db , where as, pre treated sanipdésl6 to 18 hours to attain

a moisture content of 9.09 to 10.06% db. Minimtime of 16 hours was
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required to dry pre treated chillies at %5 for attaining minimum moisture
content of 9.09% db followed by chilli samples meated with Fsolution which

took 16.16 hours to attain final moisture contei®.@7% db. At 65C un treated

chilli samples took 10 hours to attain moistureteah of 9.87% db where as it
took 7 to 9 hours for pre treated samplesto attagisture content of 8.72 to
9.70% db. Chilli samples pre treated with T7 soluttook 7 hours to dry to a
moisture content of 8.72% db followed by 8.90% @gorded in T6 treated

samples after 7.66 hours.
5.6 Drying kinetics

Fig. 1 to 4 show the variation in drying behaviair chillies at three
different temperatures and sun and solar dryinguRe from Fig. 2 shows that
upto 0.1 moisture decreases linearly and afterwdradecreases in non-linear
fashion. Khazaeet al. (2008) reported the dependence of drying kinetitsio
temperature, air velocity, material size, dryingdietc. the data clearly shows the
dependence of drying time on temperature. Sampled dt higher temperatures
ha shorter drying times because of higher dryingcdoand vice-versa
(Leeratanaraket al.,2006 and Doymaz, 2011) increased temperaturesasese
the amount of water content removed thus decreabmdime required to draw
out moisture from sample. Internal moisture mignatis increased by increasing
heat flux. Hassinét al. (2002) has figured the effect of increasing temjpgeaon
the activity of water along with the influence omnetmoisture diffusion co-

efficient and the enthalpy of vaporization of threguict.

The decrease in moisture content may be attribtdaethe availability,
orientation and bonding of water molecules in feadhple. Initially heat is taken
by the sample to heat it and evaporate only somigopoof the free moisture, in
the beginning heat provided by the source takesnthisture out from the surface
and as the drying advances the moisture moves wudliffusion. The heat
penetrates inside and knocks the moisture outrgaai product with decreased

moisture content. In the beginning drying rate éases owing to the availability



of free moisture. With increasing drying temperatuthe amount of moisture
removed from the samples increased and the timatidarrequired to achieve

drying decreased. As the water content decreasedadevaporation, more and
more moisture moves out to the surface by diffuseord thereby further

decreasing the amount of water to b evaporatedewhb#ds to decline in the
drying rate. At last the water molecules which ateongly bound, are to be
removed by the heat supplied. At this point, kinetergy of molecules increases
due to which temperature of air substance equaishndtecrease the drying rate

and finally brings it to an end.

Similar findings have also been reported by Kaldé&huand Kailappan
(2004), Vegat al. (2007).

5.6.1 Kinetic modeling

Three models namely Page Model, Newton Model, Hsond’abis
Model were used to evaluate our data. The obseata& was fitted in the given
models equations. The drying constants were esthatsing these model
equations. The drying constants were estimatedgugiese model equations.
Drying constants ranged widely in 3 models. The ieca) drying constants fro
chillies and co-efficient of determination {YRat each temperature are given in
Table 26. The selection of the best model to desctihe drying behaviour of
chillies is based on the highest co-efficient ofedmination () and lowest Chi-
square f°) and Root Mean Square Error (RMSE). The page mskeived the
highest R values ranging from 0.989 to 0.993. HigheétvRlues of Page model
imply that this equation fits the data best. Thé-&juare ¢°) and RMSE in pages
model showed a range of 0.00024 to 0.00149 and20-010372. The
observations clearly show that page model fitsdai@ best. In other words page
model describes best the drying characteristichilies.

Similar findings have also been reported by Ibrakiral. (1997), Ibrahim
and Mehmet (2002), Vega al. (2008).
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5.6.2 Drying Characteristics of sun, solar tunnel @md mechanical drying at
(45, 55 and 65C)

The characteristics of dried chillies (Kashmir Lehgshowed in Table
28(a,b,c,d,e) depicted that best pretreated calfhples dried under sun , solar
and mechanically dried, the sun dried sample hathlirweight of the chilli
sample was 500 gm which was reduced to 118.34 ¢en & hours of drying.
The average moisture content decreased from 44th465.27% db. At the
beginning the drying rate and MR was 0 and 1, tiyend rate varied from 1.685
to 5.014 and MR decreased from 1 to 0.0676. How#wercompletion of solar
tunnel drying took 48 hours which showed a decreaseeight from 500 to
133.33 gm. The initial average moisture contenbmeded was 436.86% db which
was reduced to 39.72% db after 48 hours of dryiing. drying rate varied from O
to 1.8395 and MR decreased from 1 to 0.1042. Time tiaken by the chilli
samples to dry at mechanical dying of chillies iearout at 45, 55 and 65°C was
1680 minutes (28 hours ), 900 minutes (15 hours) 420 minutes (7 hours)
respectively. The decrease in weight of chillieedirat 45°C was from 1500 to
402 gm. However in chillies dried at 55 and 65°€ tlecrease in weight ranged
from 500 to 141.67 gm and 350 to 128.34 gm respagti The average moisture
content decrease from 441.45 to 23.91% db ; 424.%B.52% db and 410.85 to
77.29% db respectively in chilli dried at temparas of 45, 55 and 65°C. The
drying rate varied from 0 to 0.00088 and MR deadasom 1 to 0.10589 at
45°C. In 55 and 65°C the drying rate varied fromo 0.01616 and 0 to 0.0611 and
MR decreased from 1 to 0.1246 at 55°C and 1 to63.22 65°C.



Chapter — 6

SUMMARY AND CONCLUSION

The present investigation entitled, “Effect of dnyi methods and

packaging materials on storage stability and qualitchillies” was carried out in

the Food Processing Laboratory of Division of Pé#rvest Technology,
SKUAST (K) Shalimar to study the effect of variopse-treatments, drying
methods and storage on quality of dried chilli Kashmir Long 1. Dried chilli

powder produced by using the best pre-treatmentogw@ton was stored under
ambient conditions in metallised laminated polysteiches (MLP), low density
polyethylene pouches (LDPE) and vacuum packaged ptuRhes. Thephysico-
chemical analysis of chilli samples was recorded,aB0, 60, 90, 120days of

storage. The drying models were fitted to data waater activity studies carried

out. The results are summarized as under:

1.

Physical parameters recorded revealed that frésriyested red chilli had
an average length of 11.21 cm, average breadth5@fdm, average fruit
weight of 9.060 g, while as seed content was 34ceet. It contained
ascorbic acid of 49.4 mg/100g, per cent reducinggaBu
r (0.64%) , moisture (80.68%) , 0.38 per cent Capsand 98.37 ASTA
units capsanthin. The fresh chillies had L* a* w&lues of 32.666,
20.913, 35.805 respectively

Statistically significant effect of pre-treatmerasd drying methods was
observed on moisture content (%)dbin dried chdinples. The moisture
content recorded in open sun dried samples withoytpre-treatment was
maximum 14.45% dbwhereas the moisture content@treated samples
varied from 10.43 to 13.65% db. Minimum moisturetemt (10.43% db)
was recorded in samples dried by using a6 pre-treatment solution
followed by 10.94% db in samples pre-treated withsdlution. The

moisture content of chilli samples at the completd solar tunnel drying
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was maximum (13.43% db) in control samples andweeittoralue of 9.85
to 12.75% db was recorded in pre-treated samplessplective of drying
methods, pre-treatedchillis with; Band T solution recorded minimum
moisture content of 10.83 and 11.58% respectiveignd 120 days of

storage compared to maximum value of 14.78% inrobeamples.

Thepre treatments, drying methods and storage Isighdicant influence

on retention of ascorbic acid content of dried lckmples. The ascorbic
acid content of pre treated sundried samples vdrad 38.70 to 39.98
mg/100g db at (0) days of storage and control sasnpécorded the
ascorbic acid content of 38.52 mg/100 g db. Maximascorbic acid

content of 39.98 mg/100g was recorded in sun dseuples pretreated
with T7 solution. The ascorbic acid content of pretreat@dr tunnel dried

samples at (0) days of storage ranged from 39.84 @8 mg/100g db and
control samples recorded 39.47 mg/100g db ascadt

Pretreatmets and methods of drying had signifiedféct on capsaicin
content (%) of whole dried chilli samples durin@rsige.Irrespective of
drying methods, maximum capsaicin content of 0.94086 and 0.926%
db respectively was recorded during 120 days afg®in chilli samples
pre-treated with Tand T solution compared to lower values of 0.847%db
in untreated samples. Maximum mean capsaicin confeéh938% db was
recorded during storage in solar tunnel dried ickdimples compared to
lower value of 0.840%db in sundried chilli samples.

Pretreatments, drying methods and storage perituwkented significantly
the capsanthin content of dried chilli samplesdpective of methods of
drying the maximum mean capsanthin content of 1%96d 119.40
ASTA units was observed in chilli samples pretrdatath T, and Ts
solution respectively compared to 113.61 ASTA umtsontrol samples.
Solar tunnel dried samples had maximum capsantbiment in all

sampling dates compared to sundried samples. Tleealbwcapsanthin



content of 120.69 ASTA units was recorded in salanel dried samples
compared to 118.55 ASTA units in sun dried samples.

The pre-treatments, drying methods and storageogarifluenced the
reducing sugar content of chilli samples. Irrespecbf drying methods
maximum reducing sugar content 0.518 to 0.526% alb necorded in pre-
treated samples compared to 0.516% db in controlog the drying
methods, chilli samples dried under solar tunnétrdpossessed higher
mean value reducing sugar of 0.536%db compared5b6@edb in sun

dried samples.

The pre-treatments and storage influenced the nayreatic browning of
chilli samples significantly, whereas method ofidgydid not influence
the NEB values significantly. Irrespective of metbaf drying OD values
for NEB were maximum 0.153 for control samples whals pre-treated
samples with Fsolution has OD values of 0.149.

The L*, a* b* c values were significantly influeed by the pre-
treatments and storage in sun dried chilli samdging 120 days of
storage minimum lvalue was recorded in control samples as 26.84
whereas pre-treated samples exhibited higher vadfi€d7.26 to 29.84.
Maximum L values of 29.84 and 29.23 were recorded in sammies
treated with 7 and Ts solution respectively. The a* values recordedun s
dried control samples was 20.45 and the pre-treatathples possessed
maximum a* values in range of 20.74 to 23.39. Thedlues recorded in
sun dried control samples during 120 days of sworags 11.36 compared
to higher values of 11.4 to 12.16 recorded in samplkied by using pre-
treatment’s. The c values of sun dried chilli sasplvere minimum
23.504 during 120 days of storagewhere as highealges 23.586 to

26.364 were recorded in pre-treated samples.

The L, a*, b*, c values were significantly influenced lize pre-
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treatments and storage in solar tunnel dried chdinples. During 120
days of storage minimum Lvalue was recorded in control samples as
27.86 whereas pre-treated samples exhibited highealues of 28.28 to
30.87. Maximum L values of 30.87 and 30.26 were recorded in samples
pre-treated with T7and Ts solution respectively. The a* values recorded in
solartunnel dried control samples was 21.47 andpteetreated samples
possessed maximum a* values in range of 21.76 #12&he b* values
recorded in solartunnel dried control samples dufif0 days of storage
was 12.09 compared to higher values of 12.16 t®2l2ecorded in
samples dried by using preteatments. The c valbe®slar tunnel dried
chilli samples were minimum 24.66 in untreated daspuring 120 days
of storage where as higher c values 24.92 to 2%€2 recorded in pre-

treated samples.

The pre-treatments, drying temperatures and stoiafjaenced the
moisture content of mechanically dried chilli saegplsignificantly. The
mean maximum moisture content (11.05%db) durin@ d&ys of storage
irrespective of drying temperatures was recordedntreated samples,
whereas, lower moisture content values 10.16 t®QPG. db, were
recorded in pre-treated samples. Minimum moistargent values 10.16
and 10.32% db respectively were recorded in sampiesreated with 7
and T solution. Irrespective of pre-treatments samplasddat higher
drying temperatures i.e. $%nd 55°C had lower moisture content of
10.04and 10.44%db respectively, compared to thieehignoisture content
of 11.29%db recorded in samples dried at 45 °C.

The pre treatments, drying temperatures and stohage a significant
influence on retention of ascorbic acid contentlieéd chilli samples. The
mean maximum ascorbic acid content (46.91 to 4&@#41.00g db) was
recorded in pretreated samples and minimum ascatit content of

46.88 mg/100g db were recorded in untreated samiglasimumascorbic
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acid content of 48.94 and 48.66 mg/100g respegtivedre recorded in
samples pre-treated withy @nd Tg solution. Irrespective of pre-treatments
dried samples at higher drying temperatures i.eart® 55°C had lower
mean ascorbic acid content of 40.76 and 48.87 rg/l@spectively,
compared to the higher ascorbic acidcontent of 54§/100g recorded in
samples dried at 45 °C.

The pre-treatments, drying temperatures and stolegk a significant
influence on capsaicin content% db of dried chsimples. The mean
maximum capsaicin content (0.688 to 0.786% db)nduril20 days of
storage irrespective of drying temperatures wasroed in pretreated
samples. Whereas, lower capsaicin content valu&l®6b, was recorded
in untreated samples. Maximum capsaicincontent egl®.786 and
0.774%db respectively were recorded in sampledrpegded with 7 and
Te solution. Irrespective of pre-treatments dried glas at higher drying
temperatures i.e. 65 and 55°C had lower capsaistanb of 0.592 and
0.665%db respectively, compared to the higher cajpsaontent of
0.940%db recorded in samples dried at 45°C.

The pre-treatments and storage had a significdhteimce on capsanthin
content ASTA units of dried chilli samples. The meaaximum

capsanthin content (125.82 to 126.83 ASTA unitsjindu 120 days of
storage irrespective of drying temperatures wasrded in pre-treated
samples, whereas, lower capsanthin content valaég1ASTA units, was
recorded in untreated samples. Maximum capsaiaiteod values 126.83
and 126.61 ASTA units respectively were recordedamples pre-treated
with T; and T solution. Irrespective of pre-treatments dried glas at

higher drying temperatures i.e. 65 and 55°C hadetavapsanthin content
of 125.97 and 126.21 ASTA units respectively, coragato the higher
capsanthin content of 126.44 ASTA units recordedsamples dried at
45°C.
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The pre-treatments and drying temperatures hagréfisant influence on
reducing sugar content% db of dried chilli samplEse mean maximum
reducing sugar content (0.476 to 0.484%db) durid@ days of storage
irrespective of drying temperatures was recordadpre-treated samples,
whereas, lower reducing sugar content value 0.413%@as recorded in
untreated samples. Maximum reducing sugar contehie.484%db
respectively were recorded in samples pre-treatddWwwhich was found
at par with § solution. Irrespective of pre-treatments dried glas at
higher drying temperatures i.e. 65 and 55°C hadetoreducing sugar
content of 0.444 and 0.470%db respectively, contpdee the higher
reducing sugar content of 0.525%db recorded in &sswpied at 45°C.

The pre-treatments and drying temperatures hagréfisant influence on
non-enzymatic browning values of dried chilli saegl The mean
maximum non enzymatic browning value (0.469) duritZ) days of
storage irrespective of drying temperatures wa®rdad in untreated
samples, whereas, lower non enzymatic browningesau362 to 0.465,
were recorded in pre-treated samples. Minimum rmymatic browning
values 0.362 and 0.390 respectively were recordeshmples pre-treated
with Tz and T solution. Irrespective of pre-treatments dried gias at
higher drying temperatures i.e. 65 and 55°C hadhdrigion enzymatic
browning values of 0.541 and 0.428 respectivelyngared to the higher
non enzymatic browning value of 0.319 recordedamles dried at 45
°C.

The L, a*, b*, c values were significantly influeett by the pre-treatments
and storage in chilli samples dried at 45 °C. Dyirir20 days of storage
minimum L value was recorded in control sample2&€98 whereas pre-
treated samples exhibited higher values of 28.581td2. Maximum L
values of 31.12 and 30.50 were recorded in sanpiedreated with 7

and T solution respectively. The a* values recordecchilli samples
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dried at 45 °C control samples was 22.39 and tleetrpated samples
possessed maximum a* values in range of 22.69 #6239 he b* values
recorded in untreated chilli samples dried at 45di€ing 120 days of
storage was 13.11 compared to higher values 0918.14.01 recorded in
samples dried by using preteatments. The (c) vabfiesintreated chilli

samples dried at 45 *Cwere minimum 25.94 during da¢gs of storage
where as higher ¢ values 26.23 to 29.05 were redoid pretreaed

samples.

The L* a* b* c values were significantly influeed by the pre-
treatments and storage in chilli samples driedbat® During 120 days of
storage minimum L value was recorded in control samples as 27.07
whereas pre-treated samples exhibited higher vabfiex7.47 to 30.27.
Maximum L values of 30.27 and 29.40 were recorded in sammles
treated with 7 and T solution respectively. The a* values recorded in
untreated chilli samples dried at 55 °C control gla® was 20.17 and the
pre-treated samples possessed maximum a* valuesnge of 20.44 to
22.97. The b* values recorded in untreated chilnples dried at 55 °C
during 120 days of storage was 11.40 compareddioehivalues of 11.51
to 12.37 recorded in samples dried by using preteats. The (c) values
of untreated chilli samples dried at 55 °C wereimirm 23.17 during 120
days of storage where as higher (c) values 23.86 85 were recorded in
pretreated samples.

The L*, a* b* c values were significantly influeed by the pre-
treatments and storage in chilli samples driedbat® During 120 days of
storage minimum L value was recorded in control samples as 26.13
whereas pre-treated samples exhibited higher vadfi€.52 to 28.96.
Maximum L values of 28.96 and 28.38 were recorded in sammies
treated with § and T solution respectively. The a* values recorded in

untreated chilli samples dried at 65 °C was 19.46 the pre-treated
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samples possessed maximum a* values in range 66 19.23.12. The b*
values recorded in untreated chilli samples drieé5a’C during 120 days
of storage was 13.14 compared to higher value8.@?21to 14.42 recorded
in samples dried by using preteatments. The (a)esbf untreated chilli
samples dried at 65 °C were minimum 23.44 during days of storage
where as higher (c) values 23.71 to 27.26 wererdecbin pretreated

samples.

The packaging material, drying method and storagiuenced the
moisture content of dried chilli powdersamples Bigantly. The mean
maximum moisture content (9.24%db) during 120 daysstorage
irrespective of drying methods was recorded irlichowder samples
packed in LDPE pouches, whereas, lower moisturéecdivalues 9.16 to
9.22%db, were recorded in chilli powder sampleskpdcin vacuum
packaged MLP pouches and MLP pouches. Irrespedivpackaging
materials dried chilli powder samples by drying e i.e. sundried
chilli, solar tunnel dried chilli had higher mois¢éucontent of 9.26 and
9.21% db respectively, compared to the lower maoastaontent of
9.16%db recorded in samples dried at 45 °C.

The packaging material, drying method and storagiuenced the
ascorbic acid content of dried chilli powder samsptegnificantly. The
mean maximum ascorbic acid content (37.19 mg/1d0ghg 120 days
of storage irrespective of drying methods was néed in chilli powder
samples vacuum packaged in MLP pouches, whereasr scorbic acid
content values 36.62and 36.31gm/100g, were recoirdezhilli powder
samples packed in MLP pouches and LDPE pouchesspiective of
packaging materials sundried chilli powder and stlanel dried chilli
powder had lower ascorbic acid content of 31.57 a8hd’2 mg/100g

respectively, compared to the higher ascorbic eaident 0f46.28
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mg/100g recorded in chilli powder from mechanicalhjed samples at 45
°C.

The packaging material and drying method influented capsaicin
content of dried chilli powder samples significgnfThe mean maximum
capsaicin content (0.74%db) during 120 days ofag@rirrespective of
drying methods was recorded in chilli powder samplacuum packaged
in MLP pouches, whereas, lower capsaicin conteltega0.73 and 0.72%
db, were recorded in chilli powder samples packe®LP pouches and
LDPE pouches. Irrespective of packaging materiaisddchilli powder

samples prepared from sundried chilli and solanélirdried chilli had

lower capsaicin content of 0.65and 0.71%db resypalgticompared to the
higher capsaicin content of 0.83% db recorded inwdsw from

mechanically dried chillies at 45 °C.

The packaging material and storage influenced #psanthin content of
dried chilli powder samples significantly. The maaaximum capsanthin
content (125.83 ASTA units) during 120 days of atyr irrespective of
drying methods was recorded in chilli powder saaplacuum packaged
in MLP pouches, whereas, lower capsanthin contahieg 122.68 and
124.03 ASTA units, were recorded in chilli powdemgples packed in
MLP pouches and LDPE pouches. Irrespective of pgngamaterials
dried chilli powder samples prepared from sunddleili and solar tunnel
dried chilli had lower capsanthin content of 12047 121.40 ASTA
units respectively, compared to the higher capsartbntent of 131.07

ASTA units recorded in mechanically dried powdamgles at 45 °C.

The packaging material, drying method and storafje@aenced the non-
enzymatic browning values OD at 420 nm of driedlichowder samples
significantly. The mean maximum non-enzymatic brmgrvalues (0.144)
during 120 days of storage irrespective of dryingthods was recorded

in chilli powder samples packed in LDPE pouchesenghs, lower non-
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enzymatic browning values 0.101 and 0.123, wererdsd in chilli
powder samples packed in vacuum packaged MLP psuahd MLP
pouches respectively. Irrespective of packagingenwds dried chilli
powder prepared from sundried chilli or solar turdreed chilli had higher
non-enzymatic browning values of 0.170 and 0.1068peetively,
compared to the lower non-enzymatic browning vakfe8.092 recorded

in samples dried at 45 °C.

The powder prepared mechanically at 45 °C. habdsigL*, a*, b*, c, h
values followed by solar tunnel dried samples ama dried samples.At
(0) days of storage maximum L* a* b* c, h valuescorded in
mechanically dried chilli powder was 32.19, 32.82,01, 50.85, 50.10
followed by 31.82, 31.71, 38.81, 50.12, 50.70 ilastunnel dried samples
and minimum 30.17, 30.10, 37.02, 47.71, 50.90 in dued samples.
During 120 days of storage the maximum mean L* [&*¢c, h andAE
values recorded in mechanically dried (45°C) vacupackaged chilli
powder samples were 32.05,32.26, 38.83, 50.3745n8 0.59 followed
by 30.96, 32.13, 38.72, 50.32,50.30 and 0.61 inhaweically dried chilli
powder packed in MLP pouches. The mean minimumak¥,b*,c, h and
AE values recorded were 31.90, 32.07, 38.06, 49982 and 1.01 in
chilli powder packed in LDPE pouches .

The sun dried chilli powder before packing in diffiet packaging
materials at (0) days of storage had an initial stuve content of 9.14
percent and aw of 0.16 which increased during 13@sdof storage
depending on packaging material used. The meanevatd moisture
content and aw recorded after 120 days of storagre waximum (9.34
percent and 0.534) in chilli powder samples packed DPE pouches
followed by 9.25 percent and 0.511 in chilli saegplpacked in MLP
pouches and minimum moisture content 9.23 peroatt0a405 recorded

in vacuum packaged chilli powder samples. The silanel dried chilli
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powder samples had an initial moisture content.&® $er cent and aw
0.14 which increased during 120 days of storage. Maximum moisture
content and aw values recorded were 9.36 percehD&13 in samples
packed in LDPE pouches followed by 9.23 percent @d®1 packed in
MLP pouches and minimum moisture content of 9.2te¢m and 0.389 in
vacuum packaged samples. The mechanical dried pbitder samples
had an initial moisture content of 9.10 per cent aw 0.13 which

increased during 120 days of storage.

At the end of 84 hour of sun drying un treated dammad maximum
moisture content of 14.45% db compared to lowerstnoe content of
10.94 to 13.65% db in treated samples. Samplestrpegded with F
solution had 10.43% db moisture at the end of 88rHollowed by
10.94% and 11.43% db recorded after 84 hour in kmnpe treated with
Te and T solution respectively. Un-treated samples in stlanel dryer
possessed moisture content of 13.43% db after @@rshof drying
compared to 10.19 to 12.75% db moisture conterdrded in pre treated
chillies with Tg to T; solution. Minimum moisture content of 9.85% db

after 8 hours was recorded in samples pre treaitddTwsolution.

At 45 °C un treated samples took 36 hours to reach td fimgsture
content of 11.10% db where as treated samples26d3 to 34 hours to
dry to 10.15 to 10.94%db. Chillies pre treated witrsolution took 26.33
hours at 45°C to attain a moisture content of 10.15% db folldwsy
samples pre treated withs $olution which attained a moisture content of
10.27% db after28 hours of drying at%s Un treated chilli samples dried
at 55°C took 19 hours to attain a moisture content 022@db , where as,
pre treated samples took 16 to 18 hours to attamoisture content of
9.09 to 10.06% db. Minimum time of 16 hours waguieed to dry pre
treated chillies at 5%C for attaining minimum moisture content of 9.09%

db followed by chilli samples pre treated witly Jolution which took
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16.16 hours to attain final moisture content of79@2db. At 65°C un
treated chilli samples took 10 hours to attain muvescontent of 9.87% db
where as it took 7 to 9 hours for pre treated sampb attain moisture
content of 8.72 to 9.70% db.

The selection of the best model to describe thandgryehaviour of chillies
is based on the highest co-efficient of determama(i¥) and lowest Chi-
square °) and Root Mean Square Error (RMSE). The page mshmied
the highest Rvalues ranging from 0.989 to 0.993. Highe$tvRlues of
Page model imply that this equation fits the dastbThe Chi-squara?)

and RMSE in pages model showed a range of 0.0002100149 and
0.0127 - 0.0372. The observations clearly show fizafe model fits the
data best. In other words page model describes Hest drying

characteristics of chillies.

The average moisture content decreased from 444.2456.27% db. At the
beginning the drying rate and MR was 0 and 1, tlyend rate varied from
1.685 to 5.014 and MR decreased from 1 to 0.0676weder the
completion of solar tunnel drying took 48 hours efthshowed a decrease
in weight from 500 to 133.33 gram. The initial aa@e moisture content
recorded was 436.86% db which was reduced to 39dt2%ifter 48 hours
of drying. The drying rate varied from O to 1.8388d MR decreased
from 1 to 0.1042. The time taken by the chilli sdspto dry at
mechanical dying of chillies carried out at 45, &&d 65°C was 1680
minutes (28 hours ), 900 minutes (15 hours) and mitutes (7 hours)
respectively. The decrease in weight of chillieedirat 45°C was from
1500 to 402 gram.

Form the present studies it is concluded that riddittonal method of sun

drying chillies is unhygienic and is subjected tasid dirt and microbial

contamination, rains during drying period which m&poil the whole lot. The

drying time is long and quality of dried productniet superior with respect to



appearance and colour of pods.

The present investigation indicated that pre drytrggatment of chillies
with T; (2.5% Potassium Carbonate + 1% ground nut oil£%0gum acacia
+0.001% BHA per litre (15 min.), ¢l (7.5% Potassium Carbonate + 2% ethyl
oleate (5 min.) compared to control helped to redtize drying time and
maintained the quality parameters of whole chilzegl chilli powder upto 120
days. Sun dried pre-treated chillies took 72 haardry to a moisture content of
10.43 to 13.65 percent compared to 84 hours takercdntrol samples. Solar
tunnel drier provided a low cost drying alternatifge drying chillies under
hygienic conditions. The drier helped to reducedhgng time in comparison to
sundried samples. Solar tunnel dried pre-treatedpks took 48 hours to 60

hours to dry to moisture content of 9.85 to 13éBent.

Pretreated chilli samples dried mechanically at 38, 65°C indicated
that drying time was reduced at &5 from 7 to 10 hours to a moisture content of
8.72 to 9.87 percent and at 85it took 16 to 19 hours to reach a moisture canten
of 9.09 to 10.22 percent compared to 26.33 to I8@urs to reach a moisture
content of 10.15 to 11.10 percent. The quality yisalduring storage upto 120
days indicated retention of best quality parametesamples at 4%C.

The pre-treated chilli powder packed in vacuum paftkr 120 adys of
storage had a moisture content of 9.15 percengrliscacid content (47.09%),
capsaicin (0.7%), capsanthin (131.55 ASTA unitNEB (0.093), L*, a*, b*, c,
h, AE (31.84, 31.77, 38.56, 49.96, 50.50, 1.17 ), aatémactivity of 0.62.

Based on various model fitting criterion, the metgbal drying behaviour
of whole chillies at 45, 55 and &5 was found to comply page model, Newton

model, Henderson-Pabis model.
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APPENDIX |

Standard weekly meteorological data during 2012

Standard Temperature (°C) Relative humidity (%)
meteorological ~TTTTTTTT T T e S
week Maximum Minimum Maximum Minimum
18 21.07 6.30 79.14 52.00
19 23.14 9.61 83.57 62.43
20 22.36 8.93 79.86 58.71
21 21.57 9.51 83.86 62.57
22 29.93 9.64 70.57 47.57
23 23.93 10.83 81.29 59.86
24 27.21 11.60 80.14 46.29
25 30.29 14.79 77.57 41.71
26 28.64 14.07 79.00 47.57
27 32.79 17.53 75.00 42.71
28 28.36 16.21 82.43 62.57
29 30.86 15.64 82.29 47.86
30 32.43 17.14 82.86 43.29
31 30.21 18.93 83.71 55.14
32 29.36 16.47 83.43 55.86
33 29.29 18.37 85.43 55.57
34 32.07 19.30 82.29 47.57
35 31.64 16.47 77.43 49.86
36 24.57 16.87 89.86 68.00
37 26.71 16.13 93.14 72.29
38 25.14 11.11 88.71 64.29

39 26.64 8.57 90.00 56.43




Standard weekly meteorological data during 2013

Standard Temperature (°C) Relative humidity (%)
meteorological T T T T T T e e
week Maximum Minimum Maximum Minimum
18 21.00 7.14 80.14 51.43
19 21.79 9.50 88.29 57.14
20 26.21 8.86 76.00 41.00
21 27.14 12.07 76.57 49.43
22 26.57 8.69 77.00 41.29
23 31.86 14.10 73.00 46.71
24 25.21 15.61 91.00 66.71
25 31.14 14.50 72.00 40.00
26 29.10 17.61 81.00 52.14
27 31.23 17.40 78.57 45.86
28 29.00 16.43 81.57 51.43
29 31.14 18.31 74.29 48.57
30 32.71 18.47 71.86 44.14
31 30.50 19.27 79.71 56.29
32 32.07 19.13 77.14 47.00
33 21.74 16.86 90.14 84.00
34 30.36 17.07 75.29 62.57
35 28.64 15.97 83.86 60.57
36 29.57 13.39 79.57 51.71
37 23.79 13.57 86.86 67.29
38 28.93 9.04 81.00 48.00

39 28.21 11.67 85.29 63.43
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