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ABSTRACT

Escalation in the shelf life of guava fruit was investigatedraaponse to pogtarvest
treatments and modified atmosphere storage conditiGusva was dipped in chemical
solutions of calcium chloride and calcium lactate @ 1, 2 and 3% for 5 minutes at room
temperature. The treated fruits from each treatment werdedivinto three lots. One lot of
treated guava fruit was kept in chamber with normal air composition (Phase 1), while the
second and third lots were kept in modified chamber with 5% and 10e@€) (Phase, II),
respectively. The temperature E10C) and kimidity (80%) were kept same in all storage
conditions. The guava fruit was evaluated for change in quality parameters like TSS (°Brix),
pH, Acidity, weight loss%, firmness (Kg force), respiration rate. CO.Kgthr?), ethylene

gas production(LKgthr?), sugars (glucose, fructose, sucrose) g/100g, organic acids (citric
acid, ascorbic acid, malic acid, tartaric acid) mg/100g, antioxidant activity (umoITE/qg), total
phenolic content (mgGAE/100g) and at last sensory evaluation was carried out. It was
obviousfrom the results that the chemical treatments had significant effect on the quality
parameters and with the progression in stothgeguality of fruits declined, however the rate

of change in quality parameters was higher in control samples than chgrtrieated fruits.

The TSS, glucose, fructose, sucrose, respiration rate and ethylene gas production change rate
showed a climacteric pattern, they increased from 9.77 to 10.82, 2.73 to 3.15, 3.31 to
1.67 to 1.99, 9.67 to 35 and 2.33 to 15 in contewhgles that kept at 0% G@evel at 12

day of storage whichfterwards decreased 10.49,3.00, 3.34, 1.84, 46.33 and 10.33 at"38

day of storagerespectively. While the changes in the above parameters ket €0 level

were 9.8 to 10.9, 2.71 to 3.28, 3.31 to 3.66, 1.66 to 2.08, 9.67 to 39.67 and 2.33 to'23 at 18
day of storage which further changed to 10.57, 3.22, 3.61, 2.04, 34 and 16.33 at the
termination of storage, respectively. Similarly, at 10%,@%vel the changes in the quality
parameters were 9.8 to 10.80, 2.71 to 3.27, 3.31 to 3.64, 1.66 to 2.04, 9.67 to 35.33 and 2.33
to 16.67 from initial to termination of storage, correspondingly. The pH, weight loss, malic
acid, tartaric acid increased from 3.864t89, 1.19 to 2.73, 106 to 166, and 0.786 to 0.898
from O to 18" days of storage in sample kept at 0%,Q€&vel. Similarly, the change at 5%

and 10% CQlevel from start to 2% days were 3.86 to 4.23, 1.04 to 2.53, 106 t0143.67 and
0.787 to 0.875 and .86 to 4.12, 0.92 to 2.21,106 to 136.33 and 0.787 and 0.861,
respectively. The acidity, firmness, citric acid, ascorbic acid, total phenolic content and
antioxidant activity of guava fruit kept at 0% ¢@ecreased to 0.51 to 0.27, 8.424 to 2.977,
374 to 29.33, 176.77 to 91.33, 131.67 to 82.67and 34 to 2.33, respectively. Likewise, the
decrease in said parameters at 5% (@@el were 0.51 to 0.36, 8.423 to 4.748, 374 to 318.67,
178 t0 111.67, 131.67 to 98.67 and 34 to 3.33 and at 1094e@€) the changesave 0.51 to

0.40, 8.423 to 5.303, 374 to 328.67, 178 to 120.67, 131.67 to 104.67 and 34 to 7.33,
respectively The calcium dip treatments also affected sensory attributes and retained the
firmness of guava fruit and ultimately reduce the weight loss ofrthe Among the post
harvest dip treatments, 3% calcium chloride was found to be most effective pretreatment in
maintaining the posdtarvest quality attributes and extending the shelf life of the guava
followed by 3% calciurdactate andhe use of 10%carbon dioxide gave better results than
5% carbon dioxide level. The shelf life of the guava fruits treated with calcium salts and
stored under different levels of Gvas extended up to 24 days but the chemically treated
fruits that were stored in normatmosphere were spoiled after 18 days of storage.
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CHAPTER 1

INTRODUCTION

Fruits play an important role in human diet because theg@meentratedourceof
minerals, vitamins and dietary fiber. They are rich sources of iron, phosphorous, calcium, and
magnesium and corilute 90% of dietarywitamin C. Yellow and green fruits are rich in
vitamin A (b-carotene)folic acid, niacin and thiamine which are vital for nofrfumctioning
of the human body (Limat al., 2002)

Guava(Psidium guajava l) is a perennial tree of tropics and subtropiesving great
economic value (Usmaet al, 2013). Guava is native to tropical America and belongs
family Myrtaceae Worldwide -cultivation areas of guava are Mexico, Brazil, Central
America South AmericaPeru and Colombiavore than 3800 guavspecies and 133 geer
are found in the worldGuavais cultivated over an areaf 62.3 thousand hectar&gth
annual production 0512.3 thousand tonsndyield of 8.2 tonsper hectareyield in world
(FAO, 2011) Guava is main fruit crop of Indiaadluvial plains. In Pakistan guava 4&' most
produced frit crop. Guava production ifPakistan increased from D®0 tons to 552,000
tons fron1958 to 2008 wittannual growth ratef 6.%6 (GOP, 2009).

In Pakistan, total area under guava cultivation is @Rd@isand hectares, which
includes 48.7 in Punjab, 9.5 in Sindh, 3.4 in NWFP and 0.6 thousand hectares in Balochistan.
Guava ranks third in area after citrus and mango and occupies 48.7 thousand hectare with
annual production of 395.5 thousand tons in Punjdne Pajab is contributing about 77.2%
to the total guava production of Pakistahhe cities like Lahore, Faisalabad, Qasur,
Haiderabad, Larkana, Kohat, Haripur, Mardan, Charsadda and Swabi are very eminent for
the production of high quality guava8pproximately 3040% of fresh guava produce is
spoiled annually in Pakistan duettee use of inadequate traditional methodstigalarly at
postharvest level thdieads to a significant loss in country econof@pP, 2009)

Guava is an imperative fruitrgwn in tropical and sutropical regions of the globe
and one of the most important fruit crops of Pakistan grown thhout the country,
produced with marginal inputs as compared to other fruits. It is an excellent source of various
micronutrients espeally vitamin C. Its soft character, limited pdsarvest life, and

vulnerability to chilling injury, confines it for commercializatioBuava is highlyperishable
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fruit thatripens quickly in a few days after harvesting at room temperatatavacannot be

stored for longer period of timaue to its delicate natu@ashiret al, 2003) The surplus
guantity of the fruit remains unsold and goes to waste during peak harvest season. Extension
in postharvest shelf life and preservation of guava tfris the prerequisite for the
economical and efficient utilization of this important fre@mmodity in Pakistan.

In Pakistan commercial cultivarsf guavainclude Safeda (Gal and Surahi) and
seedless while otherarieties like Apple color, Allahabad,afela and Red fleshed are less
frequently cultivated. Two seasons of growth of gyaviater and summer exist in Pakistan
Winter season begins in November and remains up to March. Summer season begins in April
and remains up to August. Winter crop is mooemercially beneficial. The summer crop is
severely attacked by fruit fly infestation which adversely affects the quality and results in a
significant loss to most of the guava growers (Kbaal.,2003).

Guava has googotential for marketng becausef its good taste, appealing odor,
deliciousflavor and very fine ratio opectin sugar andrganicacids. Guava is considered
very nutritious remuneratre and delicate cropt is enriched in phosphoropgectin vitamin
C, calciumandiron. High gradeantioxidantscarotenoidspolyphenols and lycopene present
in guava are epitome chemicals that can decrease the cbhnwny diseasedike cancer
arteriosclerosidheart diseasediabetes arthritiandinflammation. It is very useful in diarrhea
and gastrenteritis. It is also agood sourceof dietary fiber. Guava seeds have excellent
laxativespropertes. Guava fruit are enricheslith vitamin C and iron which reduces cold
and viral infection chances.ddsted ripe guava is alssedas medicine for extreme cases of
cough, cold and congestiom some parts of the worldsuava also reduces blood cholesterol
and blood thickening problem. The guava fruit contagasotenoids( {fzarotene) and
flavonoids (anthocyanins) such adycopene, zeaxanthin and luteimaving antioxidant
functions in lipidic phasesThey block the free radicals that damage the lipoprotein
membranes (Shamind Moreira2004).

Guava fruit is round and about 3 to 10 cm in diameter. The qudet of guava is
yellow or pinkat maturity in different species. The weight of guava fruit ranges from 100 to
250 g.Guava fruit contain83 % moisture, 2.58 % protein, 0.6 % fat, 15 % carbohydrate, 10
% TSS, 06 % salt, 0.53 % ast280 IU100gof vitamin A, 266 mg/100g vitamin C, 0.09
mg/100g iron, 42 mg/100g phosphorus and 23 mg/100g calcium (é&tyab,2005). Guava
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is a rich source of vitamin C and contaf times more content of vitamiC than oranges
(Conway and Bter, 2001). Manganese in combipatwith oxalic and malic acids is also
present in the guava (Nadkarni and Nadkarni, 1999).

Being a climacteric fruit guava exhibit a rapid rise in rate of respiration and
production of ethylene during ripening (Merca8iva et al., 1998). Guava fruit &elf life
rangedrom 2 to 4 days at ambient temperature (Basstad, 2005). Numerous postharvest
handling methods including controlled/ modiy
recommended to extend the storage life and maintain quality of guavaltsudelicate
nature, short pogtarvest life, and susceptibilityo chilling injury and diseases, limits the
potential for export of guava fruit.

Marketing of guava in Pakistan is usually done at ambient temperature without cold
chain. Guava is a highly perishable fruit so its life is shortened by the rapid softeffiiag of
thatoccuss after harvesting of fruits. So it is need of the day to extend the shelf life of guava
to expand its commercializatiobecausethe distribution of fruits with continual eating
quality is currently a major issubat must be subjected tonsiderable research (Goldieg
al., 2005).

Calcium isconsideredto play a special role in maintaining cell wall structure in fruits
by interacting with pectic acith the cellwall to form calcium pectateand also facilitating
the crosslinkage ofpectic polymersCalcium chloride has been widely used as preservative
and firming agent in the fruits and vegetables industry for whole and-dgstommodities.

Akhtar et al (2010) describedthat the loquat fruits treated witGaCk showed greater
firmness and shelf life than the untreated friManganarietal. (2007) suggested 62.5mM
CaCb immersion treatment for increasing the tissiwemness of whole peachesAnother
work done by Manganaret al. (2005)showedthat calcium treated fruit showegh.2-44.7%
greaterfirmnesswhencompared to thaon-treatedfruits.

Numer ous postharvest handling methods 1in
and cold storage have been recommended to extend the storage life and maintain quality of
guava fruit.Its delicate nature, short pekarvest life, and susceptibility to chilling injury and
diseases, limits the potential fexport of guava fruit. Modifieditmospheres (MA) storage
can extend the storage life of many tropical and subtropical f(Mihia, 1998;Kader,

2003. An inappropriate storage atmosphere may result in accumulation of fermentative
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metabolites resulting in development of severe-flaffors, thus rendering the fruit
unacceptable to the consumer (&eal, 1991; Beaudryl999). The increase in demand of
tropical fruit inthe world and changing technological capabilities in developing countries
may open new avenues for adoption of MA storage technology. During food vargser
and processing, the color, texture, flavard nutritional qualites of the food undergo
changes.

Storage of fruits in controlled atmospheres, whbeigher CO;, level is used had
proved useful in retarding the rate of softening of nectarines and peaches (Olsen and
Schomer, 1975) and many other frullowever, the tolerance of different fruit to
modification of Q and CQ in the storage atmosphere varies considerably. The storage of
guava fruit in high C@levels did not influence #respiration rates, but reduethylene
production during ripning (P&and Buescher, 1993).

Consumer demand for more natural, minimally processed and fresh foods is
increasing. Modified atmosphere storage is a-yweven technology for preserving natural
quality of food products in addition to extending the storage lifediied atmosphere
storage is one of the most successful preservation techniques suitable for wide varieties of
agricultural and food products. The storage life of food products is considerably extended by
modifying the atmosphere surrounding the food,clhieduces the respiration rate of food
products and activity of irxts or microorganisms in fooModified atmosphere storage in
combination with pretreatments will not only help to minimize the48% postharvest loss
of guava fruit which will ultimatly benefits the guava producer by reducing the wastage of
guava fruit.

Previously mostly guavas were grown for processed guava products like juices and
nectars, jam and jellies, fruit paste, canned whole and halves in syrup. However, international
market or fresh guavas is small. But nayeod international market potential exists for fresh
guavas due to more consumerds awareness rega
this fresh fruit.

During the peak season of production lavg&ime offruits was wasted iabsence of
processing techniques amdoper storageconditions There is a need for establishment of
processing @chniques to avoid these lossésle to delicate nature of guaitacannot be

stored forlonger period of time. The sur@wuantity of the fruit remains unsold and goes to
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waste during peak harvest seasbhe studywas carried out with the objective to increase

sheltlife of fruit leading to an inease in processing and export.
Objectives of Investigation

» Improve thestorability of guava by pretreatments undeod¥fied Atmosphere

» To assess the changes in phystbemical characteristics during storage
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CHAPTER 2

REVIEW OF LITRATURE

The guavas are very delicious fruit and usually picked fresh from the tree when ripe
or mature Guava fruits are used fdresh consumption and processed in the form of drink,
nectar, jam and jellylt is alsoused in sauce and chutney, or cooked as a vegetable when
green.Moreover,guavas aralso processed into a variety of products sasloffee, canned
fruits, wine, squash, cheese, dried fruits, as well as flavoring for other fGausva is
becoming more populasver other fruittreesdue to itshigh adaptability, productivity and
vitamin C content. Guava has high nutritive value aw®hr heavy crop every yeadn
contrary to other major fruits, guava requiliiée agriculture inpus and give good economic
returns Brief review abouthemical composition, postarvest treatments, storagalslities
fruit ripening and sensory quality attributeguava fruithave been reviewed and presented
here in.
2.1.0rigin and Morphology of Guava Fruit

Guava Psidium guajava 1) is exotic fruit member of Myrtacea family. It is also
known as 0 apcpsloe doubwortdgdmmmal andstapor. Its place of origin is quite
uncertain, extending in an area from southern Mexico through Central and South America.
Currently, its cultivation has been extended to many subtropical and tropical parts of the
world, where it also thrives well in the wilénvironment(Morton, 1987; Yadava, 1996;
Mitra, 1997).

Guava tree is very hard with characteristic pale, smooth spotted bark ¢habfian
skinny flakes and usuallgrow to about B8 metershigh. According to their cultivars fruits
are different in size, flavor and shape. The sweet varieties are better while others may be
astringent. Guava shape rangesnirround, ovoid, to pesshapedand with an average
diameter of 4-10cm and weight ranggn from 100400g (Mitra, 1997). Guava fruit is
composed of fleshy mesocarp of varying thickness and a softer endocarp with numerous
small, hard yellowisftream seeds (Malo and Campbell, 1994; Marcelinal, 1993).
Exterior skin color ranges from light gre to yellow when ripe and its pulp may be white,
yellow, pink, or light red. Unripe guava fruit are astringent, hard in texture, acidic in taste

and starchy due to its low sugar and high polyphenol content. When it ripens, the fruit
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becomes very sweet, fsoits skin becomes thin and edible and +andic (Malo and
Campbell, 1994Mitra, 1997). Many guava cultivaesxist today,broadly classified as pink
or white. Seedless cultivars are growm many countries, which have a great potential to
become populain the future (Yadava, 1996).

2.2.Nutritional Profile of Guava Fruit

The guava fruit contains 787% moisture0.8i 1.5% protein0.4i 0.7% fat, 0.5/ 1%
ash,5% dietary fiberand 12 26% dry matte(Chin and Yong, 1980). It is rich in ascorbic
acid (vitaminC) 1663375mg/100g, at higdr levels tharother fruits. Minerals are present in
guava fruit in higher quantities likealcium(14-30 mg/100g)phosphorg23-37 mg/100g),
iron (0.51.3 mg/100g) and vitamins like1BB>, B3z, Bs and vitaminA are also present in
appreciable amount (Bos# al., 1999) Guava fruit consists of about 20¥%eel, 50% of
fleshy portion and 30% seed core.

Carbohydrates are the principal and the main component of gaadlatheir
compositionis dependent on theariety. Sugars contribute aboutld % of the fresh weight
of guava. Of the total carbohydrates content, about 60% are sugars, with a predominance of
fructose (about 59%), followed by 35% glucose and 5% sucrose (Yusof, 2003). The dry
matter is made of mostly strtural and nonstructural carbohydrates. The fimabars
contents vary in different varieties gfiava glucose fructose and sucrose were in the range
of 1.9% to 18.1%5.6% to 7.7%and 6.2% to 7.8%respectivelyEl-Buluk et al, 1996).

Guava fruit isalso main sourceof pectin which rangefrom 0.4% to 1.9% and is
affected by several factors such as variety, crop season and stage of maturity. The quality of
pectin is determined by its capacity to make a gel and isumed in terms of jelly unitdt is
reported that irwinter seasorguavafruits contain higher amounts of pectin with more jelly
units than the rainy season crop (Dhingtaal, 1983). Unripe guava fruits gave pectin
having kss jelly units then halipe ones. On hydrolysis, guava pectelds 72% D
galacturonic acid, 12% {galactose, and 4%-arabinose (Chanet al, 1971).

Dietary fiber in fruits and vegetables has been associated with a reduction in colon
and other cancer risks. Soluble fiber content is generally associated withcadesk of
cardiovascular disease. study carried on various tropical fruits showed that guava has
highest content of total and soluble dietary fibershwialues of 5.60 and 2.70g/100g,

respectively (Gorinstein et al, 1999). Soluble and total fibecontent of guava are
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extraordinarily high incomparison tall fruits and vegetables. It is found that ingestion of
high fiber food to decreasesugar levein diabetes patient. It has aacterialproperty that
protectsfrom microbial activiy by cleaninghe intestine andlso improves digestion. Thus it
strengthens thdigestion system which inhibits constipation and diarrhea. Fiben guava
pulp and peelas tested for antioxidant properties and found to be a potent source of-radical
scavenging compauds, presumably from the high content of -wedll bound polyphenolics
(2.627.79% w/w basis) present in each fiber isal®eth guava peel and pulp contained
high content of dietary fiberanging from48.55 to 49.42% (Jimendzscriget al, 2001).
Dietary fiberdecreasesotal cholesterol anthad cholesterol ilody and have other helpful
effects indiabeticpatients (Vinik and Jenkins, 1998).

2.3.Health Benefitsof Guava

Guava fruit containg sufficient amount obenzophenone glycosides in ripe edible
fruits and can inhibit accumulation triglyceridesin body(Shuet al, 2009) Ascorbic acid,
gallic acid, ethyl benzoate anddaryophyllene are major componeidentifiedin white and
red guavas. The guava pulpgantioxidant properties that can be asatmd with anticancer
effects.Studies on humans have found that the utilization of guava for a period of 12 weeks
reduced total cholesterol levels by 9%, blood pressure by 8%, triacylglycerides an8%,
with increase in the levels of good cholestenplto 8%(Singhetal., 1992). Farinazzet al
(2012) showed that animafed onguava pulp juice had lesser body weight, cholesterol,
triglycerides and glycemia levels and increased levels of good cholesteophiliged pulp
of guava induce hypoglycemic effectg diabetic ratglue to its antioxidant activity.

Guavahad been reported to lower the blood glucose level. Guava fruit extract has
been shown to significantly restore the loss of body weight and reduces the blood glucose
level in the diabetic condition. Fruit extract of guava protects the pancreatic tissugdinigcl
islet b-cells, against lipid per oxidation and thus reduces the loss of ifsoditive b-cells
and insulin secretion (Huargg al, 2011).

Guava is also riclsource of lycopene, major pigment found in guavidesh of pink
guavag(Nishino et al, 2002). Most important carotenoids which give oxidative defense are
Ucar ot €eme ot é&n e, {cryptoxaintimn. Mainfdnctiodm of carotenoids is
antioxidant activity. Carotenoids obstruct the free radicals that harm the lipoprotein

membranes (Shamand Moreira, 2004). Besides the antioxidant activity carotenoids are
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anticarcinogenic, immunogenic and protect the body against cardiovascular diseases and
diabetes (Riclet al, 2003).Rahmatet al (2006)identified the effect ofuavaconsumptions

on artioxidant and lipid stateL(ow density lipoprotein (LDLandHigh density Lipoprotein

(HDL) in young men. Theyound a distinct increase iliDL and antioxidant profileluring

the treatment phase for four weeks. Increaseldl was associated with reducireart
diseases.

Ageing is the most common probleim todays modern life Ageing is generally
caused by natat factor like increase in agé early age due to pollution, smoke and UV
radiation ageing process has been stimulaedit is faster than natural. High oxidative
stress in our bod producs free radicas that are main cause of ageingHowever,
antioxidants have proven to destroy these free radataislow downthe ageing process. So
guavais consideredbest food to slowdownthe ageing process due to geodantioxidant
properties.

White guava Psidium guajava L), as one ofraditional Chinesemedicinesjs widely
cultivated and mostly consumed fresh. In folk mediayuavaleaves, fruit and stem bark
were also used as a hypoglycemic agent. Hypoglycemic activity of guava leaves has been
well-documented (Sheet al, 2008; Chengt al, 2009), but not for guava fruit. Cheng and
Yang (1983) has reported that guava jueehibited hypoglycemic effects in mice by
examining blood glucose leveRishika and Sharmg012) reported thatugva leaf extrads
used for achne vulgrass chronic inflammatory disease, caused by propinobacterium acne. It
is also effective for dental carriasd dental plaque. They also demonstrated guava stem, leaf
and bark extract was used for the antigiardiasic activity.
2.4.Postharvest Changesin Guava

The ripening of the fruits corresponds to a seé physiological, biochemicand
structural factos andvariationssuch as changes in color, firmness, production of volatile
compounds, accumulation cfugars, organic acid oxidatioand decrease of alkaloids
(Rhodes, 1980Firmnesss the most important attribute defining the quality of the fruit for
consumption and processing, it also contributes to postharvest life of the fruit by offering
protection during transportation and resistance to microorganism attack. The decrease in

firmness during ripening has been attributed to modifications and degradation of the
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comporents of the cell wall (Carvalh@001)as well as to the decreasktioe fruit integrity
(Chitarra and Chitarr&2005).

Mowlah and Itoo (1982) determined that distinetichangesccurredin reducing
sugars in pink and white guava affelient stages of ripening. They found that reducing
sugars increase during ripening up to the fully ripe stage. During ripening TSS increases and
titratable acidity reducewith ripening & reported by Yamdagret al (1987). During
different stages of guava fruit ripeninghanges in cheroal properties occur. Sweetness
flesh, softness, and skin color differs between different stages among differesttesari
Variation inthe rate of gftening process in guava fruit depended upon the loss of pectin
content in different varietie¢Chin et al, 1994). During maturation process structure of
cellulose and hemicelluloses also change. Actions of the softening enzymes like
galactosidase, peatsterase (PE) and cellulase enhances with ripening proceBsl(El et
al., 1995).

Two forms of cellwall tissues make guava pulp, stone cells and parenchyma cells.
Stone cells are more tough woody material responsible for a sandy sense in th@mdouth
these cells were not broken by enzyndeg to their nature. Stone cells are responsible for
73% of the mesocarp tissue, while the endocarp is rich in parenchyma cells, which give it a
softer feel (Marcelinet al, 1998B). The texture firmness of guava fruéndsto decline
progressively during ripening (Bashat al, 2003). The firmness of fruit wadropped by
eighttimes from the hard mature green stage to the final soft ripe stage. The decrease in the
flesh firmness tookplace during the first 10 day®Vhen fruit ripens, outer color of skin
changes from light green to yellow and its pulp may be white, pink, yellow, or light red.
Unripe fruit is firm in touch, starchy, sour in taste and dry due to its low sugar and high
polyphenol contents. Once the fruipens, it becomes soft, sweet, racidic and its skin
becomes thin and edible (Malo and CampHld&€R4).

Guava fruit had & days of shelf life due to fast rate of ripening. TVeiety,
harvesting time, and environmental conditiadso effect on theate of ripening of fruit
(Reyes and Paull, 1995). In guava respiration and ethylene production rate increases after the
first day of harvest. Climacteric peak of guava reaches betwéeb days afterharvest and
then declines (Bashir and Alfeioukh 2002) Moisture losses in guava in hot climates results

in weight loss up t@5%thateffected on thgostharvest quality ancbnsumeiacceptability
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(Mitra, 1997). In guava highest amount of vitamin C is present at thpeamreen phase and
it reduces as th&uit ripens. During ripening in guava total fiber contedecrease dueto
the actions of certain enzymes {&bghbi, 1994).

Rodriguezet al (1971) observed a gradual increase in total sugars and TSS during
guava fruit ripeningTotal sugars and TSS inease within the duration of fruit ripening to
hydrolysis of starch to sugars. More increase in total sugars in pulp and peel was observed
after fruit firmness reachetb 1.21 kg/cm, which coincided with the climacteric peak of
respiration. Thesignificant increase in total sugars otvsal after the climacteric peakay
be attributed to the increase in activity of enzymes responsible for decline in the ratarof sug
breakdown by respiration aridr starch hydrolysis. The pulpf guava, havéesstotal sugars
than the peels because the peel has less moisture content as campalzd

Medlicott and Jege1987) did research on two different varieties of guandit was
found that in both guava varietieggH steadily enhanced during different onaty phases
while acidity higher in the green and intermediary stage of maturatiooh reducedwith
the attainment omaturity. During maturation increase in both parameters indicate formation
of organic acids. Increases in both pH and acidity arerai&ged with greater amounts of-un
dissociated organic acids, that ssored in the vacuole and fruits utilize theseids as
respiratory substrate due to whiditratable acidity decrease during ripening of guava.
Results shoed that rate of changes inratable acidityvary in different cultivars of guava.
Proportion of titratable acidity decreased with maturation process of guava and reached
minimum at the last stage. Yamdagtial. (1987) observethat titratable acidity decreased
with ripening of gusa in cultivars of Allabad safeda, Baranasi Sukhra and Sardar. Agarwal
et al (2002) have stated that the acidity decreased from 0-72%5% during ripening.
Changetal. (1971)found thatmalic, citric,tartaric andglycolic acids contribute toward the
total acidity of guava. Thditratableacidity increases up to the climagtepeak and then
declines. The ascorbic acabntent are in maximum conceaion when the fruit is mature
greenand then its concentrationnds to drop rapidlyas the fruit ripens (Bashatal., 2003).
Bashir et al (2003 described that in white and pink guava pulp acidity incredsad
0.15% to 0.20% up to the ripening process stadted talecreaseafter ripening

The CQ producton rate, during ripening ofjuava(both types, white flesh angink

flesh) showed a climacteric array of respiration, which is maximum during ripening at 1.21
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Kg/cny flesh firmness. The rate of respiration were high in giakh guavas than the white
ones (Eashiret al, 2003).The maximum production of ethylene took plabten the fruit is
half rippedusuallyat the fourth day oharvest (Broughton and Leong, 1979).
2.5.Antioxidant Activity

Fruits are an important part of our daily diet as they not onlyigeomutrition but
also have beneficial health effects because they are rich saminghenols and antioxidast
Antioxidants are the chemicals that provide immunity against certain degenerative disease
like cancer, inflammation, brain dysfunction, hearsedse, arthritis, arteriosclerosis and
accelerate the ageing process (Feskaeidl., 2000; Gordon, 1996; Halliwell, 1996). In the
human body by normal metabolic action free radicals and active oxygen, such as superoxide
anion (Q-), hydroxyl radical (®) and hydrogen peroxide ¢B,) are constantly formed.
Their action is opposed by antioxidant defense system in the body, including antioxidant
compounds and enzymes but if the system is disturbed, it causes oxidative stress which can
lead to cell injury ad death (Halliwell and Gutteridge, 1999). Therefore, much attention has
been given on the utilization of antioxidants, especially natural antioxidants, to defend
against the damage of free radicals or to prehgick peroxidation (Vendemialet al, 1999).
DPPH scavenging activityof guava extract was found at different maturity stages. It was
found that at umipe stage guava showed maximum DPPH scavenging capacitg¢5%),
while the minimum value (38%) was observed at the foibtured phase. Lirat al (2006)
foundthat more DPPH activity at the green phase of development of fruit may be associated
to its greater levels of total phenolic contents. Free radicals play main functions in different
types of permanent diseases such hasart diseases andancer (Valko et al, 2004;
Nakabepptet al, 2006). A compound which has radical reducing power acts as antioxidant
and it decreases the chances of dangerous diseases by finishing free radicalst (&han
2006). The quantities of DPPH activity of gaafruit extract increases when amount of
guava extract increases. When concentration of antioxidants increase then this increase in
concentration is associated with increasing the activity of DPPH and this indicates more
antioxidants capacity (Gordon, 189

Declining of scavenging activity during development of fruit may be due to lowest
amount of phenolic components, anthocyanins, physical and chemical changes during fruit

ripening. Connoet al (2002) reported that in blueberry fruit antioxidant concdian were
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different that were harvested from variotegions in different gars. These differences
attributed to the agrolimatic conditions and differences in cultural practices, temperature,
type of soils, and type of area. All these parameters affemt nutritional profile and
antioxidant activities of the fruit.

2.6.Guava Polyphenols

Polyphenolsare e most abundant phytochemicasd fruits are ma source of
these biochemical(JimenezEscrig et al, 2001). Currently, limited studies exist ohe
identification and quantifiation of guava polyphenolic&uava are somewhat unusual in
their flavonoid polyphenolic content asell, with significant levelsof myricetin (55
mg/100g) and apigenin (58 mg/100g) present in edible tissues, but do raindbet more
commonly found flavonoidguercetin and kaempferol (Mieamd Mohamed, 2001) that are
abundant in other fruits and vegetablesocyanidingcondensed tannipgn both white and
pink cultivars, concentrated in the skin and seeds, but very little in the pulp. Also, free ellagic
acid was isolated in both varieties (0.2 mg/100g in pink, 0.05 mg/100g in white). In the
whole guava, total phenolics are concemttdabnthe peel, followed by thpulp (Bashir and
Abu-Goukh, 2002).

Polyphenolic compounds gradually decrease in pulp and skin of guava when firmness
of flesh was decreased. Mowlah and Itoo (198Byscribedthe stability of polyphenol
components in white and ginguava They identifiedthat there were more polyphenol
components during unripe stage of guava. When guavas attained maturity their polyphenol
contents were decreasedecreasinglevels of polyphenolic compounds were also
determined in mango (AbGoukh and Abu-Sarra, 1993andbanana (Ibrahinet al, 1994)

Gorinsteinet al. (1999)found that guava isaturally enriched with gallic acid, total
phenolics andsoluble dietary fiber of the fruitsBashir and AbeGoukh, (2002 found
condensedannins likeprocyanidins in white and pink varietiebhey found that condensed
tannins concentrated in the skin and seeds but very little in the pulpetlado(1987)found
that unripe guava contains about 66% condensed tannins of its total polyphenols which
decrase & the fruit grows and develop®eel shows prominent levels of phenolics
components than pulp. This may play an important role in protecting plants from diseases
and give defense to the fruit against different ailments and insect pests. During guava

ripening a decrease in astringency occurs due to increase in condensed tannins to form an
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insoluble polymer and drolysis of a solublarabinose ester of hexahydroxydiphenic acid, a
precursor of ellagic ad. Quantity of polyphenols in fruit alseffectedby the degree of
maturity as reported by Kondakoeaal.(2009).

Phenolic compounds in peel and pulp of both guava types gradually decreased with
decrease in flesh firmness. In the white and pink types total phenolics dected@send 3
fold in the pulp respectively. Hydrolysis of the astringent arabinose ester of
hexahydrodiphenic acid and the increased polymerization of leucoanthocyanieieiated
with decrease in astringency in guava ripening

Rop et al. (2011) reportedduring ripening process from wmipe to ripeningstage,
reduction inphenolic contentef guavawas observedAccording to their observations this
process may be due to increased polyphenol oxidase actions inauhwde to théoss in
astringency. Reduction in astringacy is related with increased polymerization of
leucoanthocyanidins and breakdown of astringent compounds. Dugaging period in
high bush blukerries phenomena of reducing of phenolic compouradsalreadyeported
by Kaltet al (2003).

Flavonoids ad Anthocyanins are compounds that belong to the group of compounds
responsible for the coloration that ranges from dark red to violet and from white to light
yellow. Flavonoids are diverse group of polyphenolics which can polymerize to form strong
tannins. Major flavonoids classes include flavones, anthocyanidins, flavanones, and
flavonols. Significant amounts of the flavonoids apigenin and gatiri have been found in
guava(Arima and Danno, 2002).

The flavonoidscontentsn guavapulp are higher in green immature stage than semi
ripe or fully matured stageFlavonoids contents were lower in sempe or fully matured
fruit. Maximum concentration of flavonoids in green stage guava fruit was explained by
scientists that at the matustage of fruit different acids of phenols aggregate to form more
complex compounds of phenol like tannins and lignin @dmedet al, 2009). Therefore,
due to variations in quantity of phenolic compounds in fruit with maturation, fully matured
fruit has lesser quantities of flavonoids compounds than that-ipenand semripe fruits.
Variations in quantities of flavonoids contents in guava fruit at various plsgening can

be due tahe presence of flavonoidghichis affected by genetic makewp variety, growing

27



conditions, cultivar, conditions of soils, presence of different nutrients at harvesting stage
(Jafferyet al., 2003).
2.7.Ascorbic Acid

Guavas are considered an outstanding source of ascorbic acid 3A8)6 times
higher than the content of an orange and after acerola cherries it has the second highest
concentration among all fruits. Guava fruits ripened during winter season (Nowember
December) containedhore ascorbic acid (325mg/100than those pened dumg rainy
season (JulyAugust) (140mg/100g Enhancement of ascorbic acid in guava was determined
by MercadeSilva et al. (1998) that ascorbic acid increased with the maturation of guava and
fruit that were obtained during the winteeason had more amouot ascorbic acid than
those that were obtained during the summer sedsmnascorbic acid content is higher in the
skin and declines towards the middle portion. Mitra (1997) meatiohat AA content is
more influenced by t hadpenfng stdge @#nd stovage dorglitiopns. t h a n
Within the fruit, AA is concentrated in the skin, followed by the mesocarp and the endocarp
(Malo and Campbell, 1994).

At the mature green stage the ascorbic acid content in guava is at maximum level and
starts to de@ase rapidly as the fruit ripens. At the finege (flesh firmness 0.3kg/cn) the
guantity of ascorbic acid was 85.6#the peeland 86.3% in the pulpf the whitefleshed
guava fruits compared to 7186 and 76.6% of the peel andlp of the pinkfleshal guavas,
respectively.lt was observed that peel of guava frhés more ascorbic acid then pulp
(Bashiret al, 2003).

Maximum level of vitamin C is present in guava at greemip@ stage and when fruit
ripens its level starts to decline. Differ@ssearch reports are present about the concentration
of vitamin C in white and pink guavas.-Ebaki and Saeed (1975) identified greater level in
white pulp guava, while other researcher répandicate reverse conditiondaximum
vitamin C is present ingel of guava fruit as compared to pulp fauit (Wilson, 1980).
Maximum/level of vitamin C in the skin of guava due to intervening ofnaie components
with the dye 26 dichlorophenol indophenols used to analyze it. Minimum levels of vitamin
C were detemined in skin of mango than flesh of fruit in three varieties of mango cultivar by
(Abu-Goukh and AbtSarra, 1993).
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The white guava fruits had 19.2% and 22.3% more ascorbic acid than the pink ones,
in pulp and peel, respectivelDifferent reports areavalable regarding the quantitpf
ascorbic acid in the pink and white guava typeds-&kiand Saeed (1975) reported thdtite
guava have higher values AA, while otherscientistgeported the revers®odrigueset al,

(1971) also reported that concextion of ascorbic acid was enhancedidg ripening period

of fruit. Mitra (1997) determined that ascorbic acid contents are more influenced by the
fruitdos variety t han rdomcondtigndMthinghe fruit,ragcorEct a g e
acid is moran the skin, then in the mesocarp and the endocarp (Malo and Campbell, 1994).
As a watersoluble vitamin, ascorbic acid is extremely vulnerable to oxidation due to its
unstable nature and is considered as a standard for stability of other nutrients during
processing.

Lim et al (206) found that seeded guava hasre ascorbic acid contents as
compared to that of seedless guava. Variations in ascorbic acid concentration occur due to
presence of multiple factors like type of variety, cultivar, practicesnducultivation and

situations during harvesting. The ethchanges like heat, photosynthesis, humidityg

presence of pollutants are major factors that cause changes in concentration of ascorbic acid.

Vitamin C concentration varies in different fruit withfferent manners during ripening
stages. During ripening of fruit ascorbic acid concentration may increase, decrease or can
remain constant (Cordenuredial, 2002).

Soareset al. (2007) conducted study on increasing style in amount of ascorbic acid
during maturation. It was seen in their research that concentration of ascorbic acid in green
stage fruit was75mg per 100 g of sample. After that quantity of ascorbic acid increased fro
126 to 170 mg/100g at mature and fully ripe stage of sample. This increase in ascorbic acid
guantity in fruit may be due to degradation of starch or carbohydrate to glucose that enhances
the synthesis of vitamin C. Lirat al. (2006) reported increased aniity of ascorbic acid
from 30mg to 145mg/100g in mature frudomez and Lajolo (2008) found 55% increase in
vitamin C concentration in guava at maturity stage, but in mango fruit 35% concentration of
ascorbic acid reduced during ripening period.
2.8.Storage Environment

The escalation in plea of tropical fruit in npnoducing countries and changing

technological skills in developing countries open new horizons for adoption of controlled
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atmosphere technology. Even though much research has been dbndiranthe optimal
conditions for controlled atmosphestoragefor most of horticultural freights, guava is one
of those commodities whicthave received less attention, in spite of its commercial
significance.

Guava is a highly perigible fruitwhich ripens rapidly and has a shelf life »fto 3
days at room temperature (Bassetoal, 2005). Guavawas stored at low temperatures
extend the shelf life by inhibitingnzymatic activityTo increase the shelf life of guava usage
of low temperatures is one of the most common practices. Guava fruit transpiration and its
weight loss is reduced commonly by using of high relative humidity and low temperatures,
which are closely associated to frdeterioration and senescence (Sigrni&88). Reduction
in weight not only leads to quantitatiiesses but also to deterioratee texture(softening,
loss d juiciness, and freshness) anke appearance (wrinkling and shrinkag#) fruit
(Kader, 2002)Guava being highlghill sensitive cannot be stored at low temperatures such
as 0 °C.

Modified atmospheres storage can prolong the shelf life of subtropical andatrop
fruit (Kader, 2003). Ifstorage atmosphere is not suitable, fermentative metabolégsbe
producedn fruits that resulting in development of severe-fidivors, thus the fruit become
unacceptable tohe consumer (Beaudry, 1999). In maroducing countriesjncrease in
demand of tropical fruit and changing technological skills in deretpcountries may open
new horizons for adoption of modified atmospheres storage technology. Kad200Q)
recommended controlled atmosphere storage of guavalat@ 01% CQ and 25% .
Storage of fruits in modified atmosphere or coating with waxes was found to prolong the
shelf life of guava (Kadegt al, 1989).

Modified atmosphergrolong the shelf life ofuavafruits (Kaderetal., 1989) .The
fruits stored under modified atmosphdradless weight loss, more percentage of pulp and
ascorbic acid high organoleptic score ahdré were no adverse changedowever, like
most tropica fruits, it must be considered that guava,highly chill sensitive. Numerous
researchers have observed that guava i preserved for-8 weeks by storing them at
85%95% of relative humidity at 5 to 10°C temperat@onzagaNetoetal., 1999; Barkai
Golan, 2001). However, thepening degreeand variety of guava influenced thecise
temperature range for storage (Gonzalgo et al., 1999; Silhu, 2006; Kader, 2009). Fully
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ripe fruit are les<hill sensitive as compared toaturegreen guavasMature greerguava
should be stored & to 10°C,while fully ripe may be kept at 5°C up to a week without
showing signs of chilling injury (Kader, 2009).

The controlled atmospheres, mainly high in £®as proved useful in delaying the
rate of sétening ofpeaches , pipfruithectarines@Isen and Schomer, 1975), and many other
fruit. GonzalezAguilar et al, (2004) defined that storage of guava below10°C may rasult
severe chilling injury signs in the form of
thereforecontrolled mo d i y eptherea (CAVNIA) storage can prolong the life of several
subtropical and tropical fruits (Yahia, 1998; Kader, 200Bhe effects of controlled
atmospheres (CA) onrespiratiq yr mnes s, e { weight less, ehillipg iudyy ct i o n
guality, and decay indence of three varigs of guava fruit were studied by the Singh and
Pal (2007) during storage in atmospheres containing 2.5, 5, 8 and 10, kifth @.5, 5 and
10 kPa CQ@at 8°C, atemperature normally inducing chilling injury. Mature light green fruit
of cultivasa%sqg, dgipdkerdw and 6 Averk stdned bbra3@ dagsa f e d a
either in CA or transferred to ambient citons (6070% R.H and 228°C) and normal air,
for ripening. Respiratory and ethylene peaks of guava fruits dupeging weresuppressed
and retardedy usage of CA storage. It was observedt fruit stored in low @( O5 k Pa)
atmospheres hageater retardation of ethylerproduction and respiration thaéhose stored
in CA containing 8 or 10 kPa Qevels. The amount adscorbic acid decres in guava if
concentration ofCO, was high (>5 kPa). Modified atmosphere storage was effective in
retaining fruit yrmness and reducing t he we
soluble solids content (SSC), totdhgnols and ascorbic acid, were suppresse€A, the
extent of which was dependent upon atmosphere composition and cwiitan fruits
stored in atmospheres containing 2.5 kP& Gigher levelsof ethanol, fermentative
metabolites and acetaldehyde wer®duced. Decayincidence and chilling injury were
greater during ripning of fruit stored in air asomparedn stored at optimal atmospherés.
conclusion, guavaarieties Al | ahabad Sa4@daéandobApprhewCol o
stored at low temperate (8C) for 30 days supplemented with 5 kPa ©2.5 kPa CQ,
5kPaQ +5kPaCQ, and 8 kPa &+ 5kPa CQ, respectively.

Similarly Kader (2003) recommended52 O, and 1% CQ for CA storage of
guava at 515°C. The short term exposure of guava fruihigh CQ: levels (10, 20 and 30%)
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reduced ethylene production during ripening but did aftect the respiration rates (Pal and
Buescher, 1993). Treating guavas with 10%+6% CQ for 24 h before storage in air for 2
weeks at 4°C decrease chilling injury and delayed color change, compared to fruit held in air
(Bautista and Silva,1997). Modified atmosphere conditions for long term storage of guava
have not yet b eabledatentmdotbrancd limies ofagwasai fruit to low O
and high CQatmospheres is erratic and indecisive.

2.9.Effect of Calcium Salts Pretreatments

Firmnessin fruits is an important quality criterion that is used to determine
storability. Firmnesss determined by cell wall composition and structure. Losriminess
guality in guava is a growing concern for the industry since daminozide use has stopped. The
texture of guava fruit tende decline progressively during ripening (Basttiral, 2003).The
hard mature green guas drop their firmness about eigbtds atthe final soft ripe stage.

The decrease in the flesh firmness took place during the first 10 days.

Calcium is said to play a distinct role in maintaining cell wall structurkeuits and
storage organsybinteracting with pectic acid in the cell wall to make calcium pedcate
alsofacilitating the crosdinkage ofpectic polymersAkhtar et al (2010) showed that the
firmness of loqut fruits treated with 2% an®@% CaC} was significantly higher than
untreatedonesor treated with 1% Cagl Manganariet al (2007)found the firmness of
whole peach fruit was increased aftemmersion in62.5mM CaCb solution Calcium treated
canned peach halveimness increased from 34.2 #4.7% than the ureated fruits
(Manganariset al, 2005) LunaGuman and Barreit2000) found that Cagland calcium
lactate gave the similar level of firmness primarily during storage, but the maintenance of
firmness tended to be higher in calcium laetaeated fresh cut cantaloupes throughout the
storage. Hernandddlunozet al. (2006) observed that the loss of firmness in untreated fruit
after 4 days decreased by 40% whereas the firmness of calcium gluconate treated fruit
decreased only by 20%. Ampa@ulieset al (2007)observed the influence of calcium salts
on the micrestructure of the parenchyma of fresh cut fuji apples and reported that the cell
walls, tonoplast and plasmalemma became more stronger, compact and thicker. Calcium
infiltration treatment at 2.5% considly increased the firmness of papaya fruits followed

by 3.5 and 1.5% respectively when compared to the control.
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Calcium dip treatment also had a significant increase in the firmness levels but was
less when compared to the calcium infiltration treatnidfghmudet al, 2008). Riccet al
(2007) observed that calcium treated carrot slices required a higher potency to be ruptured,
which means that the middle lamella was styer or cell turgor was higheKumar et al
(2005) treated different cultivars o&nola fruit with 1% solution each of Ca@Iind stored at
ambienttemperature 8+2°C). They reported that CaGlkas more suitable for improving
the fruit texture. A calciumlactate dip treatment was given 25 or 60°C resulted in
expressively firmer fraiisamples during storage.

Mature greerguava fruits of cultivar 'Allahabad Satdvere harvested. Postharvest
treatments of calcium chloride (1, 2, 3%), gibbrellic acid (25, 50, 75 ppm) were applied on
fruits. The fruit treated with calcium chloride (2%haintained higher fruit firmness
throughout the stipulated storage period of 4 weeks as compargd other treatments
(Mahajanet al, 2011).Antuneset al. (2008) reported thdteshcut melon fruits treated with
1% or 1.5% CaG| kept better their culity attributes than notreated fruitsDifferent Apple
cultivar were treated with 0 and 9 @aCb solution for the period 012 minutes and stored
for the period of 150 days at 5+1°C with-B80 % relative humidity. Samples treated with 9%
CaCb showed letter firmness resultthenthe control treatment ( Jagt al, 2013)Werneret
al. (2009) reported that guava dipped in 1% solutions of calcium chloride for 15 minute
retained their quality for 12 dayshowing thatlecreased pectin methylesterase agtiaitd
lower weight loss during storage. Refrigerated guava dipped in 0.5% and dléum
solutionsmaintained i¢ shelf lifeup to 16 day§Gonzaga\etoet al, 1999).

LunaGuzmanet al (2000) reported that 1.5 or 2.5% Ca@éeated samples of musk
melon were scored significantly more bitter and firmer then the just cut samples. Calcium
lactate treated samples were firmer but less bitter than just cut saigleisicant lower
moisture content (amount of moisture relealgdhe melon cylinder when biting on it) was
observed using 2.5% CaCll% or 2.5% calcium lactat8aftneret al (2003) observed that
the sensory evaluation of calcium chelate and calcium propionate samples were taste free and
did not give a lip feelLunaGuzman and Barrett (2000) reportdtt freshcut cantaloupe
wastreated with 2.5% calcium lactate and calcium chloride (galutions. Both calcium
salts preserved the melon firmness during cold storage. Insignificant differences were

observed in tha physiological behavior of the treated fresh compared to justut samples.
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Martin-Dianaet al (2005) found insignificant differences on sensory attrib(iés
flavours or texture) between samples treated with calcium lactate and calcium chloride.
However, when warm temperatures were used, significant improvements in sensory
attributes were observetMahajanet al (2011) found that the mean sensory quality score
was significantly highest (7.11 out of 9) in fruitsated with calcium chloride (2%)d the
control fruits recorded the lowest score (5.94 out of 9). Initially, the fruits treated with
calcium chloride were rated as desirable after four weeks of storage. Calcium application has
been reported to improve the orgéeptic quality of mango (W and Tirrnazi, 1982).

Optimally maturedguavafruits were sorted and graded for uniform size, cealod
weretreated with different levels afalciumsalts which include 3%alciumchloride, 4.5%
calcium chloride 0.4% calciumpropionate 0.8% calcium propionatand were stored dw
temperaturestorage (7+1°C, 995% RH) condition.The resultsshowed that 3%alcium
chloride and 0.8%calcium propionatewere effective in extending the shdife with
maximum retention in color, texture, titrata acidity and most other quality attributes

The percent weight loss increased with phegressionn storage period rather slowly
in the beginning but at as$ter place as the storage timereasedCalcium applications are
known to be effective in tens of membrane functionality and maintenance of integrity with
lower losses of proteinend phospholipids and decreasm leakage which could be
responsible for the lower weight loss found in calcium treated plums. (Lester and Grusak,
1999). The influene calcium additives on the weight loss is usually estimated to improve the
water vapour barrier properties by enhancing film resistance to water transmission and giving
hydrophobicity (Haret al., 2004).

Calcium infiltration treatments of papayd concentrations 2.5% and 3.58éduced
the weight losslt was also foundhat there was a difference between the weight loss of fruits
dipped in 2.5% calcium and the control in the beginning of storabih slowly reduced
during storage (Mahmuckt al, 2008). Dhruba and Gautam (2006) reported that the
cumulative weight loss of tnato when treated with (0.25% antl0%) CaCGl was
significantly lower when compared to the control. After By slof storage they determined
that thecumulative weight loss in 1.0@.75, 0.50, 0.25% calcium treated fruits was 12.14,
12.80, 14.86 and 17.02,%espectively as compared to 19.03% in controlled fruits.

34



Al Eryani rageebet al (2009) reported that the calcium infiltration treatments of
papaya fruits reduced the weigbss during storage period of 21 days when compared to the
control. Calcium treatment at 2.5% significantly reduced weight loss when stored for 7 and
14 days compared to other concentrations (1.5% and 3.5%) and control. However, after 21
days of storage, it treatment was significant as compared to the control and 1.5% but not
with 3.5% calcium treatment. Mahajan and Dhatt (2004) stated that pear fruit treated with
CaCb have reducinghte weight loss most effectives compared to nemeated fruit within
75 days ofstorage period. Akhtaet al (2010) reported thathe control and 1% Cagl|
treatment showednaximum weight loss while minimum was recorded at 3% calcium
chloride treatment for a Loquat fruit during storage at 4R@Gtuneset al. (2008)reported
that weight loss was significantly reduced by Gattistharvest applications. After 6 days at
5°C flesh melon cylinders treated with 1.5% GalGbt significantly lower weight than the
other treatments.

Ascorbic acid $ an essential nutrieaind aiality parameter andsivery sensitive to
degradationas conpared to other nutrients withifood storage and processing due to its
oxidation. Calcium is said to delay the rapid oxidation of ascorbic acid. Akhtr (2010)
reported thatoquat fruit treated with CaGl retained higheamounts of ascorbic acid. The
loss of ascorbic acid was 10.9% and 8.4# treatments havind% and 2% of CaGl
compared to contrdreatmenthaving 19% loss while in 3% the loss was only 2.5%ring
the storage period dén weeks ascorbic acid content decreased progressively. Buali
(2005) also wted that duringdfifty days storage ascorbic acid d¢ent of peaches was
maintainedwith postharvest treatmentsf 0.5% CaCJ. Al Eryani Raqueelet al (2009)
reported thathere was a very little influence of calcium salts on the retention of ascorbic
acid in papaya but Caflin combination with chitosan coatings had a significant effect.
Mahmudet al (2008) reported that the ascorbic acid level was maintainedpagtharvest
application of calcium.
2.10.Sugars in Guava Fruit

In all varieties of guava it was seen that concentration of sugar gradually increased in
the green phase of fruit. More sugar level was increased at maturity stage of fruit formation.

Mowlah and too (1982) determined in white and red guava fructose was main sweetening
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element. Fructose enhances in all stage of maturation prd2eseg ripening process of
guava reducing sugars increased and afterward start to decrease in fruit.

Agarwalet al (2002) also reported that the TSS value increased during ripening and
the highest of 12%rix was observed when the fruits were 100% yellow and the lowest of
10.50 brix was observed when tfreits were 100% green. Aftdhe climacteric pealof
ripening the significant increase the total sugars was observeday be attributed to the
increase in the activity of enzymes responsible forchtawydrolysis and for reductian the
rate of sugar breakdown by respiration.

Rodriguezet al. (1971)determined that total soluble solids and sugars increase in the
duration of fruit ripeningDuring fruit ripening increase in soluble solids and sugars in fruits
is due to breakdown of starch to sugditse reducing sugars in the peel and pulp increase up
to the climacteric peak and subsequently decrease (Betsal; 2003). The highest values
were 6 and 10 (g/1@Pfresh fruit) in the peel and 5 and 8 in the pafghe pink and white
guavas respectively. The remarkable change sugar content have be@bservedin
climacteric fruits, during fruit ripening.Starch converts into glucoskiring fruit ripening
(Wills et al,, 1981). Mowlah and Itoo (1982) revealed that fructose, glucose, and sucrose
were the important sugars in the pinkdawhite -fleshed guaas. Duringthe ripening of
guava level of fructose increased andth over ripening of fruits, it decreasgsadually.

Significant increase in total sugars examined may be attribicteithe increased
actions of enzymewhich increase hydrolysis atarch into sugatWhen hydrolysis process
of starch increases then more starch converted into sugar components. Skin of guava fruit is
reported to contain more sugar as compared to flesh. Because in skin less amount of moisture
is present as compared talp of fruit. Significant variations in sugar components at the
ripening stage are shown by climacteric fruits. Carbohydrate or starches convert into sugars
during ripening process in fruit. During ripening of fruit level of fructose increases in guava
then its level starts to decline in over ripe fruits. Same observations were also studied in
mango fruits (AbeGoukh and AbuSarra, 1993).

Guava is mainly consumed as fresh fruit. Guava fruit is delicate in nature and cannot
be stored for a long time. Its fsdexture, limited posharvest life, prone to diseases and
chilling injury restricts it for commercialization. Due to increased consumer demands of

fresh and minimally processed food products in the market, it is important to develop
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new/innovative methds to maintain the keeping and nutritional quality of fruit and to curtail

the alarming posharvest losses which spoil even up to 50% of the fresh produce. The
literature review highlighted that guava is sensitive towards low temperature and storage of
guava below 10°C results in chilling injury and discoloration of fruit. In depth analysis of
literature review reveled that very limited work has been carried out on shelf life extension of
guava fruit by using pretreatments and modified atmosphere corditoPakistanThe
summer crop mostly goes to waste because the temperature in the environment of Pakistan
especially in production area of guava fruit ranges from 35 to 40°C, which ultimately
increase the respiration rate of the fruit and reduce the BfeelfThus by maintaining
temperature at 10°C and increasing the level o} @@ing storage decrease the respiration
rate which result in escalation of shelf life of fruitifferent studiescarried outto enhance

the shelf life of fruit but theffect d pretreatment itombination with modified atmosphere
storage in Pakistan levels has not yet been expldgkpdlication of calcium chloride and
calcium lactate as pretreatments and storage of guava fruit in modified atmosphere conditions

under increased @; level wasstudied
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CHAPTER 3

MATERI AL AND METHODS

3.1.Procurement ofguava

Guavas were procured from selective growers around the Faisalabad and the fruits
were picked at their maturation stage, with the color of the peel vaimgngdark green to
light green After harvesting from selected plantdruits were brought directly to thiuit
and vegetable processitaporatory of Nationalnstitute of Food Science and Technology,
University of Agriculture Faisalabadakistan Fruits were washed ardeaned for further
processing.
3.2.Treatments

Guava fruits were dipped for 5 minutes in water solution containing Cat@ Ca
Lactate atdifferent concentrationseparately at room temperatuae mentioned below in
Table3.1 After dipping the fruits were dried with hand towel. The studgsdivided in two
phases.
3.2.1 Phase |

Effect of pretreatments with calcium salts on the storability of guava was determined
in the Phase lIn the first phasdreated guava were placed in chambeéth normal air
composition. The humidity ahtemperature of the chambesss maintained at 80% and
10+1°C. The treated guavas were analyzed for quality attributes at 0, 6, 12 and 18 days of
interval. Every analysis was carried out in triplicate.
3.2.2. Phase Il

In second phasthe combined effect of calcium salts and increased IE@I on the
storability of guava fruit were studied. Theeated guava fruistwere stored in modified
atmosphere condition where g@vel was maintained at two levels 5% and 10¥&he
humidity and temperature in botthe chamberswere maintained at 80%nd 10+1°C,
respectively The treated guavas were analyzed for quality attributes at 0, 6, 12, 18 and 24

days of intervalEvery analysis was carried out in triplicate.
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Table: 3.1. Treatment Plan

Treatment Calcium Chloride (%) | Calcium Lactate (%)
To - -
Ta 1
T2 2 -
T3 3
Ta -
Ts -
Te -

w| N B

3.3Physicalanalysis
3.3.1.Weight Loss

Fruitswere selected randomly froeachtreatment and weighed with electric balance
before and during storag€&he percent weight loss was determined by interval of 6 days. The

weight loss was determined by the following formula (AQARGG3).

Weightloss(%) = (Intial weighti Final weight) x 100
Initial weight

3.3.2Penetrationforce

Fruit texture analysis in term of penetration force was deitke texture analyzer
according to the method of Mizrach (2008he texture of the guava fruit was measured by
using the textwe measuring system fitted with needle molhe fruits were randomly
selectedfrom each treatmenand placed at the base of texture analyddod. TA-XT2,
stable micro system, Surrey, UKlhe force required to penetrate the fruit surface up to a
depth of 6mnwas recorded anexpressed in terms of the Kg.
3.4 Biochemicalanalysis
3.4.1Total phenol determination and DPPHfree radical scavenging activity
3.4.1.1. Preparation of sample

Weighed amount (200g) of samples were taken in glass bottletharbttles were
filled with the solvent hethanao) until a layer was formed above the sample. These samples

were continuously shaken for 48 hours with the 3 hour intertvambient temperaturéfter
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this samples were filtered witfilter paper and ta extract obtained was concentrated to
rotary evaporatiorfor the removal of solvent frosamples under vacuum. The distillation
was stopped when the volume of extract remaimL. The solvent was further removed
under purifiedgentle stream o> gas The sample was stored in freezer4#tC till further
analysis

3.4.1.2.Total phenolic content (TPC) determination

The total phenolic compounds were estimated by Foiatateu methodSunet al,

2006). From a known concentration of the sample solution 125 pL of sample was taken in
test tube. Then 500 pL distilled water was added in it. After that 125 uL of-Eaticalteu
reagent was added in it and gaveest for6 minutes. Then 1.25 mL of 7% sodium carbonate
was added in itFinal volumewas made3mL by adding 1mL distilled wateiThe samples
wereallowed to stayfor 90 minutesfor the completion ofthe reaction.The absorbance of

the samples in triplicateras rotedat 760 nm by using a UVIS spectrophotometer. Gallic
acid was run as a standard along with the samples and its absorbance was taken at 725 nm.
Its solution was prepared by taking 25 mg and dissolved in 25 mL distilled water.
Concentrations of galliacid ranging from 0 to 500 pg/ mL wepeeparedand its standard
curve was used for the calculation of the total phenolic contents in the samples.
3.4.1.3.Antioxidant activity of guava: (1,1-diphenyl-2-picrylhdrazyl (DPPH) scavenging
activity)

The free rdical scavenging activity of guavéuit extracts was measured by
spectrophotometer at 517 nm (Confaeti al, 2006). A methanol solution of DPPH was
prepared immediately before the assay. Various concentrations of each guava extract (40
240¢ g/ mL )ken wmedifferent ttesst tubes using duplicates and then 1mL of DPPH
solution was added in each test tube containing extract. The reaction mixtures were shaken
vigorously and allowed to sggfor 30 min at room temperature in dark place. The absorbance
of the samples was measured by a spectrophotometer at 517 nm. Trolox was used as a
standard antioxidant to validate the assay.
3.4.2.Total soluble solids(TSS)

The total soluble solids of theéhoroughly mixedguava fruit pulpwas directly

recorded by using hand refractometer (ModellB8pse3-45) at room temperature (AOAC,
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2003). A drop of fruit pulp was placed on the prisrof refractometer and reading was
observed. The results were expressed as percent soluble(&Btia}.
3.4.3.Titratable acidity

Titratable acidity of the fruit pulp was determined according to the method described
by AOAC (20®). 5gthoroughlymixed guavapulp sample was taken and dethe volume
100 mlwith distil water.Filteredthe above solution anthen 10 ml from the filtrate was
taken and 2B drops of phenolphthalein indicator was added and titrated agtamstardized
solution of 0.1N NaOH till light pink color appeared. The acidity in percentage was
calculated by following formula:

Acidity (%) = eg.wt of acidx normality of base Titre (ml) x 100
Wi. of sample Aliquot taken

3.4.4.pH

The pH ofguavawas determined with the kpeof digital pH meter (Model lo-
Lab720 Germany). The electrodes of pH meter were immersed tharmughly mixed pulp
sample so that the tips of electrodes were covered. The pH was noted directly from the screen
of pH meter (Fislet al, 2008 ).

3.4.5.Respiration rate

Rates ofrespiration were measured by theistaystem. For respiratioi guava per
treatment were weighed and sealed together in a 3 L container for 1 h. Container used for
respiration rate has an optimum size hole on lidctvhwas tightly sealed with pdlyenebag.

For CO measurement a sensor attached with §& analyzer (Model No. 8560 USA) was
used to assess the % age of:@@duced in the container with in 1 hdital and Buescher,

1993).The respiration rate was calculated using the following formula:

Respiration rate (mL CeXgthl) = %CO2.xvoid volume (mL) x 100
Sample weight (kg sealed time (h)

3.4.6.Ethylene gas production

Rate ofethylene gas production was measured by the static system. For ethylene
measurement3 three guava per treatment were weighed and sealed together in a 3 L
container for 1 h. Container used for respiration rate has an optimum size hole onchd whi
was tightly sealed with potiiene bag. For ethylene gas measurement a sensor attached with
ethylenegas analyze(Draeger CMS Part No. 6406580) was used to determine the quantity

of gas produced

41



The ethylene gas was calculated using the following formula:

UL CoHaKgtht = ppm GHa X void volume (mL) x 100
Sample weight (kgk sealed time (h)
3.4.7 .Determination of Organic acids and Sugars

3.4.7.1. Samplepreparation

The guava fruits were cleaned and seeds of the fruit were removed. Sections of fresh
weighing about 50 g with peel were cut and blended in 40 mL distill waiteg ashousehold
blender for homogenization. The homogenate was centrifugedCi@.gpm for 15 min, and
supernatant was filtered usimghatmanfilter papers. The extract was then filtered through a
0. 45 & m sfoied at48Qtill amalydis
3.4.7.2 Organic acid determination

Organic acids (ascorbic acid, citric acid, malic acid and tartaric acid) was determined
by HPLC by following the method of Akaligt al (2002).

A standard stock solution was prepared by combining acids in following portions
(2000mg/L citric acid, 2000mg/L malic acid, 700mg/L ascorbic acid and 400mg/L tartaric
acid). The stock solution and the corresponding dilutions were made in ultrapure veater an
stored in dark places between the experiments, at refrigeration temperature.

Analysis was made by HPLC with UV detector (Perkin Ehseries 200) at 214 nm
using a reverse phasel8 column (25 cm x 4.6 mm id). The operating conditions were:
mobile phas, aqueous 0.5% (wt/vol) (NHPOs (0.038 M)}0.2% (vol/vol) acetonitrile
(0.049 M), then both solution were added 50:50 % of each to make the final mobile phase,
adjusted to pH 2.24 with #PQy; flow rate 0.3mL/min and column temperatuvas ambient
The nobile phase was prepared by dissolving analytical grades)gNRQO; in water,
acetonitrile and kBPQs. HPLC-grade solvents/reagents were purchased from Sigma Chemical
Company (St. Louis, MO). Mobile phase was vacuum filtered through acOM5 me mbr a n e
filtrat i on assembly and degasses with vacuum de
HPLC for the analysis. Individual standard was run to observe the retention time of specific
organicacids. Then standard mixtures of organic acids of different concentraéoa run
and retention time and peak area of respective standards was calaslakepicted in Fig.1
Then unknown samples were run on HPLC by using same set of conditions. The spiked
samples were also run on HPLC in order to confirm the retention moh@esponse of each

organic acid.
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3.4.7.3.Sugars

The sugarsffuctose glucose andsucrosg were determined by high performance
liquid chromatography (HPLC). Analysis was made by HPLC wRthdetector (Perkin
Elmerseries 200) at 214 nm using polar bonded phasg ¢dlimn (25 cm x 4.6 mm id).

The mobile phase waacetonitrile:water (80:20) and the flow rate was 1.5 ml-iifhe

injection volume was 20ul. Identification and quantification afgas were done by
comparing retention times and peak areas of samples to peak areas of standards as peak area
was directly proportional to the concentration of the standard throughout the concentration
range used. The temperature of column during anaessmaintained at 40°C.

Standard stock solutions of sugafisi¢tose glucose anducrosg were prepared by
combining sugars in ultrapure water. The first one contained glucose 100 mg/ml, the second
one fructose 100 mg/ml, the third one is sucrose 50 mgha dilution was carried on to
make a suitable dilutiofor doing the working calibration curwehich needas depicted in
Fig. 2 The prepared standard solutions of sugars were storé@ .at 4

All the samples before injection in the HPLC sonicated for at least 15 minutes in
ultrasonic bath to remove air bubbles and passed through filtration asg@diBlyum filter
size.
3.5.Sensory evaluation
Sensory evaluation of chemically treated guawit fvas carried out by a trained taste panel
(3 members) employing 9point hedonic scale (9 = like extremely; 1 = dislike extremely)
following the guidelines of Meilgaardt al (2007) as given in Appendix Accordingly,
sensory response for variousadjty traits of guava fruit like color, flavor, texture, taste and
overall acceptability was recorded. All the evaluations were conducted by the panelists in
separate booths under clear white fluorescent light in the Sensory Evaluation Laboratory of
NIFSAT, University of Agriculture, Faisalabad. On evaluation day, guava samples were
served in respective tureens with random codes to the panelists. During the evaluation
process, they were also provided with mineral water for neutralizing and rinsing 8teir ta
receptors for rational assessment. The panelists were requested to rate the product quality by

scoring for the selected parameters.
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3.6. Statistical analysis

All determinations were conducted three timesvel of significance was determined
(ANOVA) using 2factor factorial CRD following the principles outlined by Ste¢lal
(1997) by statistical system Tukey Test was employed to determine the statistical

significance (P O O.eénejns.of differences bet we
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Fig.1 Standard chromatogram of organic acid
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Chromatogram of organic acids analyzed by HPLC with UV detector at 214 nm using a
reverse phase-C8 column (25 cm x 4.6 mm id), mobile phase ¢dHPQs : Acetonitrile
(50:50), flow rate 0.3mL/mincolumn temperature ambient
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Fig. 2 Standard Chromatogram of Sugars
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Chromatogram of sugars analyzed by HPLC with RI detector at 214 nm using polar bonded
phase NH column (25 cm x 4.6 mm id), mobile phase acetonitrile:water (80:20), the flow
rate 1.5 ml mirt, Column temperature 40°C
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CHAPTER 4
RESULTS AND DI SCUSSI ON

Guava is the most important trepl and subtropical fruit witthigh nutritive value
and can be ctivated under different soil and climatic conditions. It is one of the major fruit

of Pakistan grown throughout the country. It bears fruit twice a year but the best quality fruit

is obtained in winter. It is widely consumed in fresh state because & itspt abl e pavor

taste as well as containing various nutrit.i

fruit exhibiting respiratory and ethylene peaks during ripening. Guava is highly ge#easha
fruit that undergoes rapid posiarvest ripening irfew days under ambient conditions. At
ambient temperature its shelf life is only43days. Inadequate facilities in pdsrvest
handling, transportation, storage and marketing result in 20 to 40 percent losses of fruit.
Keeping in view the above factotBe study was carried out with the objective to increase
sheltlife of fruit leading to an increase in processing and export. Locally grown guava from
farmers were purchased and dipped in solution of calcium chloride and calcium lactate @ 1,
2 and 3% respectively The treated guava was divided in 3 parts and stored in climate
chamber with modification in COlevel of O (Phase 1), 5 and 10%Phase Il)separately

while the temperature (32°C) and humidity (80%) were same in all 3 chambers. The
changem quality parameters like TSS, pH, acidity, weight loss%, firmness, sugars (glucose,
fructose and sucrose), total phenolic content, antioxidant activity, organic acids (citric acid,
ascorbic acid malic acid and tartaric acid) respiration rate, ethylengrgdsaction and
sensory evaluation was determined by using standard procedures before and after the

application of chemicals using a 6 days interval.

RESULTS
PHASE |

4.1.Total Soluble Solids(°Brix)
It is evident from mean squares regardiotal solublesolids TSS of chemically

treated guava that significant variations were recorded for the effect of treatments and storage

period. Moreover, their interaction was also found to be momea®depicted iTable4.1
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From meanss depicted iTable4.2, it is deduced that the maximum value for TSS
in the treated guava sample was recordediiand Tz as 10.38 followed by 10.37 in>T
However, the lowest recorded valwasobserved in § as 10.35. Likewise, for sfand Ts
same value of TSS was observ&@.@6.

Over the storage, a gradual increase in the value for TSS was noticed that ranged
from 9.77 at initiationwhich progressed to 10.31, 10.77 &t &nd 12" days, respectily.
However the recorded valder the parameter as10.61 at the termination of8ldaysof
study.

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady increase in TSS value during the course of storage till 12 days and then the TSS of the
fruits started to decrease. The maximum increase in thevals® was noted for glwhich
varied from 9.77 to 10.35 and 10.82 at 0 tbahd 12" day, respectively. M@over, with
further developmerin storage, recorded values for the trait were 10.49'%Atla8. Likewise,

For T; and T, TSSvalues differed fron®.80 and 9.77 to 10.79 and Bl at O to 12" days,
respectively. Furthermore, the noted value for the parameter was then decreased to 10.59 and
10.6 at the termination of 18 days study. The least increase in the TSSwakresiced for

Tsand Ts which varied from 9.8 to 10.72 and 9.73 to 10.74 at initiation to™@&ays of
storage, respectivelylhereafter, TSS of the § and Ts decreased to 10.67 and 10.66 at the
termination of storage period.

4.2. pH

It is evident from mean squares regarding pH bémically treated guava that
significant variations were recorded for the effect of treatments and storage period.
Moreover, their interaction was also found to be momentous as depiciatle¥.3.

From means as depictedTiable4.4, it is deduced thahe maximum value for pH in
the treated guava sample was recorded ¢na3 4.12 followed by 4.10 iniTand T,
respectively. However, the lowest recorded values were observed amdl' Ts as 4.06.
Likewise, for treatments ;Tand Ts observed values for th&ait were 4.08 and 4.09,
correspondingly.

Over the storage, a gradual increase in the value for pH was noticed that ranged from
3.87 at initiation which progressed to 3.99, 4.15%na6d 12" days, respectively. However
the recorded value for the paraerewas 4.35 at the termination of 18 days study.

48



Table 4.1. ANOVA: Effect of chemical treatments on TSS of guava

Source df SS F
Treatment 6 0.0119 0.00198 2.60*
Days 3 12.0475 4.01582 5287.29**
Treatment xDays 18 0.1162 0.00646 8.50**
Error 56 0.0425 0.00076
Total 83 12.2181
* = Significant (p<0.05), ** =Highly Significant (p<0.01)
Table 4.2. Effectof chemical treatments on TSS of guava
Treatment 0 Day 6 Day 12 day 18 Day Mean
To 9.77H 10.35F 10.82 A 1049 E 10.36 AB
T1 9.8H 10.34FG 10.79 AB 10.59D 10.38 A
T2 9.80H 10.3 FG 10.76 AB 10.62 D 10.37 AB
T3 9.80H 10.26 G 10.72 BC 10.67 CD 10.36 AB
Ta 9.77TH 10.36 F 10.81 AB 10.80D 10.38 A
Ts 9.77H 10.32 FG 10.76 AB 10.62 D 10.36 AB
Ts 9.73 H 10.25 G 10.74 ABC 10.66 CD 10.35B
Mean 9.77D 1031 C 10.77 A 10.61 B

Means carrying the similar letters are statistically-sigmificant

To = Control

T1 = Calcium Chloride 1%
T, = Calcium Chloride 2%
Tz = Calcium Chloride 3%
T4= Calcium Lactate 1%
Ts= Calcium Lactate 2%
Te= Calcium Lactate 3%
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Table 4.3. ANOVA: Effect of chemical treatments on the pH of guava fruit

Source df SS MS F
Treatment 6 0.03860 0.00643 40.63*
Days 3 2.70273 0.90091 5689.95**
Treatment x Days 18 0.01636 0.00091 5.74*
Error 56 0.00887 0.00016
Total 83 2.76656
* = Significant (p<0.05), ** = Highly Significant (p<0.01)
Table 4.4. Effect of chemical treatments on the pH of guava fruit
Treatment 0 Day 6 Day 12 day 18 Day Mean
To 3.86 L 4.05H 420D 439 A 412 A
T1 3.88L 4.02 HI 4.16 DE 4.35 ABC 4.10 BC
T2 3.86 L 3.99 UK 4.14 EFG 4.35 ABC 4.08 D
T3 3.87L 3.96 K 410G 431 C 4.06 E
Ta 3.87L 4.03 HIJ 4.17 DE 4.36 AB 4.10B
Ts 3.88L 3.98 JK 4.15 EF 4.35 ABC 4.09 CD
Te 3.86 L 3.95K 411 FG 4.33 BC 4.06 E
Mean 3.87D 3.99C 4.15B 4.35A

Means carrying the similar letters are statistically-sigmificant

To = Control

T, = Calcium Chloride 1%
T, = Calcium Chloride 2%
T3 = Calcium Chloride 3%
T,= Calcium Lactate 1%
Ts= Calcium Lactate 2%
Te= Calcium Lactate 3%
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Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady increase in pH value during the course of storage. The maximum increase in the pH
value was noted for gfwhich varied from 3.86 to 4.05 and.20 at O to & and 12" day,
respectively. Moreover, with further developments in storage, recorded values for the trait
were 4.39 at 18day. Likewisefor Trand Ty variations in the values differed from 3.88 and
3.87 to 4.02 and 4.03 at 0 td @lays, respectively. Furthermore, the noted value for the
parameter was 4.35 and 4.36 attérenination of 18 days study. The least increase in the pH
values were noticed forsTand T¢ which varied from 3.87 to 4.31 and 3.86 to 4.33 at
initiation to temination, respectively.

4.3. Acidity

It is apparent from mean squares regarding the acidity of treated guava that
significant variations were recorded for the effect of treatments and storage period.
Moreover, their interaction was also found to be maimesas depicted i able4.5.

From means as depictedTable4.6, it is inferred that the maximum value for acidity
in the treated guava sample was recordedsiasi0.43 followed by 0.41 ineTHowever, the
lowest recorded values were observed inTh and T2 as 0.38, 0.39 and 0.38espectively.
Likewise, for Ts observed value for the trait was 0.©Over the storage, it can be found that a
gradual decrease in the value for acidity was noticed that ranged from 0.51 at initiation and
declined to 0.43, 37 at 8" and 12" days, respectively. However the receddvaluefor the
parameter ws0.30 at the termination of 18 days study.

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady decrease in acidity during the rseuof storage. The maximum decrease in the pH
value was noted for glwhich varied from 0.51 to 0.41 and 0.34 at O t6 &d 12" day,
respectively. Moreover, with further developments in storage, recorded values for the trait
was 0.27 at 18day. Likewise, for Tand T, variations in the values differed from 0.8nd
0.52 to 0.43 and 0.44 at 0 td @lays, respectively. Furthermore, the noted value for the
parameter was 0.28 and 0.29 at the termination of 18 days study. The least dectlease in
acidity was noticed for Jand Ts which varied from 0.52 to 0.51 and 0.34 to 0.35 at initiation

to termination, respectively.
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Table 4.5. ANOVA: Effect of chemical treatments on theacidity of guava fruit

Source df SS MS F
Treatment 6 0.02092 0.00349 52.31*
Days 3 0.49015 0.16338 2450.73**
Treatmenix Days 18 0.01110 0.00062 9.25*
Error 56 0.00373 0.00007
Total 83 0.52590

* = Significant (p<0.05), ** =Highly Significant (p<0.01)

Table 4.6. Effect of chemical treatments on thacidity of guava fruit

Treatment 0 Day 6 Day 12 day 18 Day Mean
To 0.51A 0.41CD 0.34 H 0.27J 0.38C
Ta 0.50A 0.43 BCD 0.36 GH 0.28 1J 0.39C
T2 0.52 A 0.44 BC 0.39 EF 0.291J 0.40B
T3 0.52 A 0.44B 0.40 DE 0.34H 0.43 A
Ta 0.50A 0.42 CD 0.36 GH 0.291J 0.39C
Ts 0.51A 0.43 BCD 0.38 FG 0.291 0.40B
Ts 0.51A 0.44 BC 0.40 DE 0.35H 041 A
Mean 0.51A 0.43B 0.37C 0.30D

Means carrying the similar letters are statistically-sigmificant
To = Control

T, = Calcium Chloride 1%

T, = Calcium Chloride 2%

Tz = Calcium Chloride 3%

T4,= Calcium Lactate 1%

Ts= Calcium Lactate 2%

Te= Calcium Lactate 3%
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4.4.Weight Loss%

It is evident from mean squares regarding weight loss of treated guava that significant
variations wererecorded for the effect of treatments and storage period. Moreover, their
interaction was also found to be consideradalepicted iTable4.7.

From meansas depicted iTable4.8, it is realized that the maximum value for weight
loss in the treated guawsample was recorded i &s2.01 followed by 1.95 and 1.96 T;
and T, respectively. However, the lowest recorded values were observegandTTs as
1.82 and 1.84 correspondingly. Likewise, for treatmenisamd Ts same values were
observed1.92.

Over the storage, it can be found that a gratduakasen the weight losg%) was
noticed thatvaried form1.14 % at 6" daywhich progressed t0.20 %, at 12" day. However
the recorded valumr the parameter &s2.61% at the termination of 18 daysudy.

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady decrease in weight during the course of storage. The maximum weight loss was noted
for To which varied from1.19 %to 2.13 % and 2.73 % at6" to 12" and 18" days,
respectively Likewise,for T1 and Tz, variations in the values differed froinl5and1.18to
2.66and2.66at 6" to 18" days, respectivelyTheweight loss % foiTz and Ts varied from
1.10t02.46 and 1.10 to 2.4& 6™ to 18" days respectively.

4.5. Firmness (Kg Force)

The resultsas depicted inTable 4.9, revealed that mean squares regarding the
firmness of treated guava that significant variation was recorded for the effect of treatments
and storage period. Moreover, their interaction was also significant.

From means as depicted Trable 4.10, it is inferred that the maximum value for
firmness in the treated guava sample was recorded as'b5.914 followed by 5.886 ingT
respectively. However, the lowest recorded values were observef Tn and T, as 5.254,

5.533 and 5.553, respectively. Likewise, fiirkatments Tand Ts observed value for the trait
was 5.661 and 5.671, correspondingly.

Over the storage, it can be found that a gradual decrease in firmness was noticed that
ranged from 8.426 at initiation which declined to 6.304, 4.421 "ataed 12" days,
respectively. However the recorded value for the parameter was 3.404 at the termination of

18 days study.
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Table 4.7. ANOVA: Effect of chemical treatments on the weightoss% of guava fruit

Source df SS MS F
Treatment 6 0.2515 0.0419 155.34**
Days 2 22.8130 11.4065 42271.1*
Treatmentx Days 12 0.0470 0.0039 14.53*
Error 42 0.0113 0.0003
Total 62 23.1228
* = Significant (p<0.05), ** = Highly Significant (p<0.01)
Table 4.8. Effect of chemical treatments on the weighbss% of guava fruit
Treatment 6 Day 12 day 18 Day Mean
To 119G 213D 2.73 A 201A
T1 1.15GH 2.03E 2.66 B 1.95BC
T2 1.13 HI 1.99E 2.64B 192D
T3 1.101 1.0F 246 C 182E
Ta 1.18 GH 204 E 2.66 B 1.96B
Ts 1.14 GHI 201E 2.62B 1.92CD
Te 1.101 193 F 2.48C 184 E
Mean 1.14C 2.00B 261A

Means carrying the similar letters are statistically-sigmificant

To = Control

T, = Calcium Chloride 1%
T» = Calcium Chloride 2%
Tz = Calcium Chloride 3%
T4,= Calcium Lactate 1%
Ts= Calcium Lactate 2%
Te= Calcium Lactate 3%
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Table 4.9. ANOVA: Effect of chemical treatments on the firmness of guava fruit

Source df SS MS F
Treatment 6 3.663 0.610 256.40**
Days 3 308.464 102.821 43188.7**
Treatment x Days 18 1.502 0.083 35.06*
Error 56 0.133 0.002
Total 83 313.762

* = Significant (p<0.05), ** = Significant (p<0.01)

Table 4.10. Effect of chemical treatments on the firmness of guava fruit (Kg Force)

Treatment 0 Day 6 Day 12 day 18 Day Mean
To 8.428 A 5. 715 E 3.894 H 2.977K 5.254 D
T1 8.421 A 6.077 D 4334 G 3.3J 5.533C
T2 8.425 A 6.429 C 4.458 G 3.33J 5.661 B
T3 8.415A 6.693 B 4.767 F 3.779 HI 5.914 A
Ta 8.433 A 6.086 D 4316 G 3.376 J 5.553C
Ts 8.429 A 6.439 C 4.463 G 3.352J 5.671B
Te 8.431 A 6.687 B 4714 F 3.714 1 5.886 A
Mean 8.426 A 6.304 B 4421 C 3.404 D

Means carrying the similar letters are statistically-sigmificant

To = Control

T, = Calcium Chloride %
T» = Calcium Chloride 2%
Tz = Calcium Chloride 3%
T4,= Calcium Lactate 1%
Ts= Calcium Lactate 2%
Te= Calcium Lactate 3%
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Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady decrease in firmness during the course of storage. The maximum decrease in firmness
was noted for § which varied from8.428 to 5.715 and 3.894 at 0 t& &nd 12" day,
respectively. Moreover, with further developments in storage, recorded values for the trait
was 2.977 at 18day. Likewise, for T and T, variations in the values differed from 8.421
and 8.425 to 6.07@nd 6.429 at 0 to'8days, respectively. Furthermore, the noted value for
the parametein T> was 3.® and 3.33 at the termination of 18 days study. The least decrease
in the firmness was noticed fors Bnd T which varied from 8.415 to 3.779 and 8.431 to
3.714 at initiation to termination, respectively.

4.6. Glucose (g/100g)

It is evident from mean squares regarding glucose of treated guava that significant
variations were recorded for the effect of treatments and storage period. Moreover, their
interacton was also found to be meaningful as depictéfable4.11.

From means as depicted Tiable4.12, the maximum value for glucose in the treated
guava sample was recorded ia (8.08) where aJs and T, both were having same value
3.07. However, théowest recorded values observed ig T, and Ts were 3.03, 3.05 and
3.05 correspondingly. Likewise, for1 observed value as3.06.

Over the storage, it can be found that a gradual increase in the value for glucose was
noticed that ranged from 2.73 aitiation which progressed to 323.22 at & and 12" days,
respectively. However the recorded values for the parameter were 3.08 at the termination of
18 days study.

Amongst treatments, a similar behavior was shown by all the treatments indicatiaglya ste
increase in glucose value during the course of storage till 12 days and then the giubese

fruits started to decrease. The maximum increase in the glucose value was natgdlor

and Ts which varied from 2.74 to 3.26, 2.74 to28.and 2.72 to 25 at 0 to 12 day,
respectively. Moreover, with further developments in storage (18 days), the values decreased
to 3.08, 3.15 and 3.15 imp,TTz and Ts, respectively. There was a decreasing trend of glucose

in fruits after 18 days were olrwved. Likewise, for T T4 and Ts variations in the values
differed from 2.74 to 3.22, 2.73 to 3.20 and 2.71 to 3.24 at O ‘fodk¥s, respectively.
Furthermore, the noted value for the parameter was then decreased to 3.05 and 3.04 and 3.07

in T1, T2aandTs, respectively at the termination of 18 days study.
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Table 4.11.ANOVA: Effect of chemical treatments on the glucose content of guava fruit

Source df SS MS F
Treatment 6 0.01946 0.00324 18.92*
Days 3 3.28048 1.09349 6378.71**
Treatmenix Days 18 0.07307 0.00406 23.68**
Error 56 0.00960 0.00017
Total 83 3.38261

* = Significant (p<0.05), ** = Highly Significant (p<0.01)

Table 4.12.Effect of chemical treatments on the glucose content of guava fruig/1009)

Treatment 0 Day 6 Day 12 day 18 Day Mean
To 2.73L 3.24 AD 3.15 HI 3.00K 3.03D
T1 2.74 L 3.21 BG 3.22 BF 3.05J 3.06 BC
T2 2.74L 3.20D-G 3.26 A 3.08J 3.07 AB
T3 2.74 L 3.17 Gl 3.25 AB 3.15Hi 3.08 A
Ta 2.73L 3.22 AE 3.20D-G 3.04J 3.05C
Ts 271L 3.19 EH 3.24 AC 3.07J 3.05BC
Ts 272 L 3.18 FI 3.25 AB 3.151 3.07 A
Mean 273D 3.20B 3.22 A 3.08C

Means carrying the similar letters are statistically-sigmificant

To = Control

T1 = Calcium Chloride %
T, = Calcium Chloride 2o
T3 = Calcium Chloride 3%
T,= Calcium Lactate 1%
Ts= Calcium Lactate 2%
Te= Calcium Lactate 3%
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4.7. Fructose(g/100g)

It is evident from mean squares regarding fructose of treated guava that significant
variations were recorded for the effect of treatments and storage period. Moreover, their
interactionwas also found to be meaningful as depicte@iahle4.13.

From meansas depicted irffable 4.14 it is realized that the maximum value for
fructose in the treated guava sample was recorded wa$3.49 where a3, andT: having
same values as 3.4Aowever, the lowestecorded valuebserved in §was 3.44. Likewise,
for treatmentsT, Ts and Ts observed values for the trait wesame 8.46).

Over the storage, it can be found that a gradual increase in the value for fructose was
noticed that ranged from 3.31 at initiation which progressed to 3.57, 3.56GatlgL2" days,
respectively. However the recorded value forpheameter wa8.43 at the termination of 18
days study.

Amongst treatments, a similar behavior was shown by all the treatmeidating a
steady increase ifructose value during the course of sgeatill 12 days and then the
fructose of the fruitstarted to decrease. Therease in the fructose value was notedTigr
Ts and Ts which varied from 3.31 to 3.58, 3.32 to 3.57 and 3.31 to 3.56 at 0 fodag,
respectively. Moreover, with further delepments in storag@ 8 days) recorded values for
the traits were 3.43.51and 3.5in >, Tzand T, respectivelyLikewise,for To, T1, Tsand Ts
variations in the values differed from 3.31t0@.3.30 to 3.6, 3.31 to 3.54 and 3030 3.55
at 0 to 12 days, respectively. Furthermore, the noted value for the parameter was then
decreased to 3.34, 3.38 and 3.40andi8.43, T1, Tsand Ts at the termination of 18 days
study.

4.8. Sucrose (g/1009)

The results revealed that mean squares regarding thessuof treated guava that
significant variation was recorded for the effect of treatments and storage period. Moreover,
their interaction was also significant as depicted in Table 4.15.

From means depicted in 4.16, it is inferred that the maximum vatumiéoose in the
treated guava sample was recorded sameyjiTaand Te (1.94) followed by 1.91 in g
respectively. However, the lowest recorded value observed was 1.89. Likewise, for

treatments Tand T, same values were observed (1.90).
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Table 4.13.ANOVA: Effect of chemical treatments on thefructose of guava fruit

Source df SS MS F
Treatment 6 0.01386 0.00231 9.20*
Days 3 0.95922 0.31974 1272.90**
Treatmentx Days 18 0.08638 0.00480 19.10*
Error 56 0.01407 0.00025
Total 83 1.07353

* = Significant (p<0.05), ** = Highly Significant (p<0.01)

Table 4.14.Effect of chemical treatments on thdructose of guava fruit (g/1009)

Treatment 0 Day 6 Day 12 day 18 Day Mean
To 3.311 3.62 A 3.50F 3.34 HI 344 C
T1 3.0 3.58 AC 3.60 AB 3.38GH 3.47B
T2 3.311 3.56 BE 3.58A-C 343G 3.47 AB
T3 3.32 1 3.55 BF 3.57 AD 3.51 EF 3.49 A
Ta 3.311 3.58 AC 3.54 GF 340G 3.46 BC
Ts 3.0 3.57 AD 3.55 BF 343G 3.46 B
Te 3.311 3.53 DF 3.56 BD 3.51 EF 3.46 AB
Mean 3.31C 3.57A 3.56 A 3.43B

Means carrying the similar letters are statistically-sigmificant
To = Control

T, = Calcium Chloride %

T> = Calcium Chloride 2o

Tz = Calcium Chloride 3%

T4,= Calcium Lactate 1%

Ts= Calcium Lactate 2%

Te= Calcium Lactate 3%
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Over the storage, it can be found that a gradual decrease in sucrose was noticed that
ranged from 1.67 at initiation which declined to 2.03, 2.06" e 12" days, respectively.
However the recorded value for the parameter was 1.92 at the terminati®nlays study.

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady increase isucrosevalue during the course of storage till 12 days and then the sucrose
of the fruits started to decrease. The increase in theosecvalue for 7, Tz and Ts which
varied from 1.66 to #0and 2.19, 1.68 to 1.99 a2d10 and 1.66 to D0and 2.Dat 0 to &
and 12" day, respectively. Moreover, with further developments in storage, recorded values
for the trait were 1.92,.00 and 200 in T2, Tz and T, correspondinglyat 18" day. In Ts,
variationin the valuediffered from 1.66to 2.01at 0 to 12 days. Furthermore, the noted
value for the parameter was then decreased 1.92 at the termination of 18 days study. The
increase in the swose values for of T1 and T4 which varied from 1.67 to 1.99, 1.67 to 2.04
and 1.65 to 2.01 at initiation to #2lays of storage, respectiveljhen sucrose of theoT Ty
and Tz decreased to 1.84, 1.86 and 1.88 at the termination of storage period.
4.9.Total Phenolic Content (mgGAE/100g)

It is apparent from mean squares regarding the total phenolic content (TPC) of treated
guava that significant variations were recorded for the effect of treatments and storage
period. Moreover, their interaction was alund to be momentous as depictedTiable
4.17.

From means depicted ihable 4.18, the maximum value for total phenolic content in the
treated guava sample was recordeddmid Ts as 114.58 and 11f6llowed by 110.92 in ¥,
respectively. However, th@est recorded values were observeddnTh and Tz as 104.17,
108.17 and 108.25, respectively. Likewise, forobserved value for the trait was 110.33.

Over the storage, it can be found that a gradual decrease in the value for total
phenolic content wasoticed that ranged from 132.57 at initiation which declined to 115.52,
104.48 at & and 12" days, respectively. However at the termination of 18 days study the
value for the parameter was 88.24.

Amongst treatments, a similar behavior was shown byhalltteatments indicating a
steady decrease in total phenolic content during the course of storage. The maximum
decrease in the total phenolic content was noted davhich varied from 131.67 to 107.67

and 94.67 at 0 to"6and 12" day, respectively. Morever, with further developments in
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Table 4.15.ANOVA: Effect of chemical treatments on thesucrose of guava fruit

Source df SS MS F
Treatment 6 0.03460 0.00577 2.1
Days 3 2.05245 0.68415 251.39**
Treatmentx Days 18 0.15074 0.00837 3.08**
Error 56 0.15240 0.00272
Total 83 2.39018

NS = Non Significant (p>0.05), ** = Highly Significant (p<0.01)

Table 4.16.Effect of chemical treatments on thesucrose content of guava frui{g/100g)

Treatment 0 Day 6 Day 12 day 18 Day Mean
To 1.67 GH 2.08 AC 199 BF 1.84 FG 1.89 A
T1 1.67 GH 2.04 AD 2.04 AD 1.86 EF 1.90A
T2 166 H 2.00B-E 219 A 1.92 GF 194 A
T3 1.68 GH 199 BF 2.10 AB 2.00B-F 194 A
Ta 1.65H 2.06 AC 2.01 BE 1.88 DF 1.0A
Ts 1.66 H 2.03 AD 2.02 BE 1.92 GF 191A
Te 1.66H 2.00B-E 2.10 AB 2.00B-F 194 A
Mean 1.67C 2.03A 2.06 A 192B

Means carrying the similar letters are statistically-sigmificant

To = Control

T1 = Calcium Chloride 1%
T, = Calcium Chloride 2%
Tz = Calcium Chloride 3%
T,= Calcium Lactate 1%
Ts= Calcium Lactate 2%
Te= Calcium Lactate 3%
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Table 4.17.ANOVA: Effect of chemical treatments on the total phenolic content of
guava fruit

Source df SS MS F
Treatment 6 1045.5 174.25 78.69**
Days 3 21922.1 7307.38 3300.11**
Treatment x Days 18 508.0 28.22 12.74*
Error 56 124.0 2.21
Total 83 23599.6

** = Highly Significant (p<0.01)

Table 4.18. Effect of chemical treatments on the total phenolic content of guava fruit
(mgGAE/100g)

Treatment 0 Day 6 Day 12 day 18 Day Mean
To 131.67 A 107.67 EF 94.67 H 82.67 | 104.17D
T1 133.00 A 113.00 CD 102.33 G 84.33 | 108.17 C
T2 132.33 A 116.67 BC 105.33 EFG 87.00 | 110.33B
T3 133.33 A 119.33 B 108.33 DEF 97.33 H 11458 A
Ta 133.00 A 113.00 CD 103.67 FG 83.33 | 108.25C
Ts 132.33 A 117.67 BC 107.67 EF 86.00 | 110.92 B
Ts 132.33 A 121.33 B 109.33 DE 97.00 H 115.00 A
Mean 13257 A 115.52 B 104.48 C 88.24 D

Means carrying the similar letters are statistically-sigmificant
To = Control

T1 = Calcium Chloride 1%

T, = Calcium Chloride 2%

Tz = Calcium Chloride 3%

T4,= Calcium Lactate 1%

Ts= Calcium Lactate 2%

Te= Calcium Lactate 3%
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storage, recorded values for the trait was 82.67 &tde. Likewise, for T, T. and T,
variations in the values differeiom 133.00 to 113.00, 132.33 to 116.67 and 133.00 to
113.00 at 0 to'6days, respectively. Furthermore, the noted value for the parametgriin T

and T4, was 84.33, 87.00 and 83.33 at the termination of 18 days study. The least decrease in
the total plenolic content was noticed fors,TTs and Te which varied from 133.33 to 97.33,
132.33 to 8@0and 132.33 to 97.00 at initiation to termination of storage, respectively.

4.10. Antioxidant Activity (umol TE/g)

It is apparent from mean squares regardingathtgoxidant activityvalue of treated
guava that significant variations were recorded for the effect of treatments and storage
period. Moreover, their interaction was also found to be momergsudepicted inrable
4.19

From meangs depicted iffable4.20, the maximum value faantioxidant activityin
the treated guava sample was recordedsiand Tzas17.58and17.42followed by 16.33 in
To, respectively. However, the lowest recorded values were observeg ifv &nd T as
13.83,14.67 and 15.25, respectively. Likewise, for sthe doserved value for the trait was
15.67.

Over the storage, it can be found that a gradual decrease in the vadundidardant
activity was noticed that ranged from 34.33 at initiatishich declined to 14.71, 9.76 at"6
and 12" days, respectively. Howevat the termination of 18 days stutlye value for the
parameter was 4.48

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady decrease amtioxidant activityduring the coursefcstorage. The maximum decrease
in antioxidant activity was noted foro@nd Ta which varied from 34.00 to 10.67and 8.33 and
34.33 to 13.67 and 8 at 0 to"@Gand 12" day, respectively. Moreover, with further
developments in storage, recorded values fa@ ftiait was 2.33 and 2.67 at &lay.
Likewise, for Ti, T2 and Ts variations in the values differed from 34.67 to 14.33, 34.67 to
15.33 and 34.33 to 15.00 at O t§ @ays, respectively. Furthermore, the noted value for the
parameter in T T> and Ts was 3.33, 4.67 and 4.00 at the termination of 18 days study. The
least decrease in the antioxidant activity was noticed éantl Tz which varied from 34.00

to 7.00 and 34.33 to 7.33 at initiation to termination of storage, respectively.
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Table 4.19.ANOVA: Effect of chemical treatments on theantioxidant activity of guava

fruit
Source df SS MS F
Treatment 6 138.6 23.10 23.95*
Days 3 10696.3 3565.44 3697.49**
Treatment X Days 18 65.4 3.63 3.77*
Error 56 54.0 0.96
Total 83 10954.3

* = Significant (p<0.05), ** = Highly Significant (p<0.01)

Table 4.20. Effect of chemical treatments on theantioxidant activity of guava fruit

(umol TE/Q)

Treatment 0 Day 6 Day 12 day 18 Day Mean
To 34.00A 10.67 FI 8.33 HJ 2.33 M 13.83 E
T1 34.67 A 14.33 BE 8.67 HJ 3.33 M 15.25 CD
T2 34.67 A 15.33BC 10.67 FI 4.67 KM | 16.33 BC
T3 3433 A 16.67 BC 11.33 EH 7.33JK | 17.42 AB
Ta 34.33 A 13.67 GF 8.001J 2.67M 14.67 DE
Ts 34.33 A 15.00B-D 9.33GJ 4.00LM 15.67 CD
Te 34.00A 17.33B 12.00D-G 7.00JL 1758 A

Mean 34.33 A 1471 B 9.76 C 448 D

Means carrying the similar letters are statistically-sigmificant

To = Control

T1 = Calcium Chloride 1%
T, = Calcium Chloride 2%
Tz = Calcium Chloride 3%
T4,= Calcium Lactate 1%
Ts= Calcium Lactate 2%
Te= Calcium Lactate 3%
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4.11. Citric Acid (mg/100g9)

It is apparentfrom mean squares regarding thiéric acid of treated guava that
significant variations were recorded for the effect of treatments and storage period.
Moreover, their interaction was also found to be momerdswdepicted ifable4.21

From meanslepicted inTable4.22 the maximum viae for citric acidin the treated
guava sample was recorded ig dnd Te as 342.58 and 341.92 followed by 338.67 in T
respectively. However, the lowest recorded values were observedTa dnd T, as 331.50,
33500 and 334.42respetively. Likewise,for treatmenfTls observed value for the trait was
337.17.

Over the storage, it can be found that a gradual dsereathe value for citric acid
was noticed that ranged from 373.76 at initiatignich declined to 344.76, 324.24 df 6nd
12" days, respectively. Howevert the term nation of 18 days of stuthe vdue for the
parameter ws306.52.

Amongst treatments, a similar behavior was shown by all the treatineéitating a
steady decrease in citric aailliring the course of staga. Themaximum decrease in the
citric acid was noted for gTwhich varied from 37400 to 338.67 and 3160 at O to & and
12 day, respectively. Moreover, with further developments in storage, recorded values for
the trait was 297.33 at '8lay. Likewise,for T1, T4 and Ts, variations in the values differed
from 371.33 to 343.67, 37@0to 34100 and 37300to 34300at O to &' days, respectively.
Furthermore, the noted value for the parametef,, T4 and Ts was 304.33, 303 and 307 at
the termination of 18 daysf study. Tte least decrease in tkéric acid were noticedor To,

Tz and Ts which varied from 374.00 to 307.67, 374.67 to 313.00 and 375.33 to 313.33 at
initiation to termination of storage, respectively.
4.12. Ascorbic Acid (mg/100g)

It is apparent from mean squares regarding the ascorbic acid of treated guava that
significant \ariations were recorded for the effect of treatments and storage period.
Moreover, their interaction was also found to be momentous as depicted in Table 4.23.

From means depicted in Table 4.24, the maximum valueagoprbic acidn the
treated guava sanmglwas recorded inzland Ts as 141.92 and 142.00 followed by 138.83 in

Ts, respectively. However, the lowest recorded values were observe@e1B1.83.
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Table 4.21.ANOVA: Effect of chemical treatments on the citric acid of guava fruit

Source df SS MS F
Treatment 6 1180.2 196.7 18.88*
Days 3 52561.7 17520.6 1681.97*
Treatmentx Days 18 367.1 20.4 1.96*
Error 56 583.3 10.4
Total 83 54692.3

* = Significant (p<0.05), ** = Highly Significant (p<0.01)

Table 4.22.Effect of chemical treatments on the citric acid of guava fruifmg/1009)

Treatment 0 Day 6 Day 12 day 18 Day Mean
To 37400A 338.67 GE 31600H-J | 297.33M | 331.50D
T1 371.33 A 343.67 BC | 320.67 GI | 304.33 kM | 335.00 BD
T2 37400A 347.33BC | 325.67FH | 307.67Jd. | 338.67 AB
T3 374.67 A 351008 331.67 DF | 313001-L 342.58 A
Ta 37400A 34100B-D 319.67 HI | 30300LM | 334.42 CD
Ts 37300A 34300BC 325.67 FH | 307.00JM | 337.17 BC
Te 375.33 A 348.67 BC | 330.33 EG | 313.33IK | 341.92 A
Mean 373.76 A 344.76 B 324.24C 306.52 D

Means carrying the similar letters are statistically-sigmificant

To = Control

T1 = Calcium Chloride 1%
T, = Calcium Chloride 2%
Tz = Calcium Chloride 3%
T,= Calcium Lactate 1%
Ts= Calcium Lactate 2%
Te= Calcium Lactate 3%
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Likewise, for treatments 1] T2 and T, observed value for the trait was 136.00, 138.58 and
135.58, correspondingly.

Over the storage, it can be found that a gradual decrease in the value for Ascorbic
acid was noticed that ranged frdiid7.57 at initiation declined to 152.19, 124.48 ‘atéd
12 days, respectively. Howeveat the termination of 18 days studlge value for the
parameter was 97.05.

Amongst treatments, a similar behavior was shown by all the treatmeitating a
stealy decrease iascorbicacid during the course of staga. The maximum decrease in the
ascorbic acidralue was noted forglwhich varied from 176.67 to 142.33 and 1Q@@ at O to
6" and 12" day, respectively. Moreover, with further developments in storage, mtord
valuefor the trait was 91.33 at T&lay. Likewisefor T1, T, and T, variations in the values
differed from 178.67 to 149.67, 176.67 to 1Mand 178.67 to 149.67 at O td @lays,
respectively. Furthermore, the noted value for the paraniet& and Ts was 94.33, 97.67
and 9400 at the termination of 18 days study. The ledetrease in thascorbicacid were
noticed forTs, Tsand Ts which varied from 177.670 103.67, 176.67 to 97.67 and 108to
100.67 at initiation to terminatioof storagerespectively.

4.13. Malic Acid (mg/100g)

The resuls indicatal from mean squares regarding malic a@fitreated guava that
significant variations were recorded fohet effect of treatments and storage period.
Moreover, their interaction was also found to be momeraswtepicted i able4.25

From means depicted in Table 4.26, the maximum value for malic acid in the treated
guava sample was recorded ia s 140.25 followed by 137.33 and 137.08 inahd T,
respectively. However, the lowest recorded values were observedimdTls as 132.50 and
182.08. Likewise, for treatments, &nd Ts observed values for the trait were 135.17 and
134.92, correspondithg

Over the storage, it can be found that a gradual increase in the value for malic acid
was noticed that ranged from 105.67 at initiation which progressed to 131.29, 14610 at 6
and 12" days, respectively. However at the termination of 18 days stelyalue for the
parameter was 159.43.

Amongst treatments, a similar behavior was shown by all the treatments indicating a

steady increase in malic acid value during the course of storage. The maximum increase in
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Table 4.23.ANOVA: Effect of chemical treatments on theascorbic acid of guava fruit

Source df SS MS F
Treatment 6 960.2 160.0 18.91*
Days 3 76169.8 25389.9 2999.65**
Treatmentx Days 18 392.3 21.8 2.58*
Error 56 474.0 8.5
Total 83 77996.3

* = Significant (p<0.05), ** = Highly Significan{p<0.01)

Table 4.24.Effect of chemical treatments on theascorbic acid of guava fruit(mg/100g)

Treatment 0 Day 6 Day 12 day 18 Day Mean
To 176.67 A 142.33C 117.00G 91.33J 131.83C
T1 178.67 A 149.67 BC 121.33 EG 94.33 1J 136.00B
T2 176.67 A 154.00B 126.00D-G | 97.67 HJ | 138.58 AB
T3 177.67 A 156.33 B 130.00DE 103.6/ H 141.92 A
Ta 178.67 A 149.67 BC 12000FG 94.001J 135.58 B
Ts 176.67 A 154.67 B 126.33DF | 97.67 HJ | 138.83 AB
Ts 17800A 158.67 B 130.67 D 100.67 HI | 14200A
Mean 177.57 A 152.19B 124.48 C 97.05D

Means carrying the similar letters are statistically-sigmificant

To = Control

T, = Calcium Chloride 1%
T» = Calcium Chloride 2%
Tz = Calcium Chloride 3%
T4,= Calcium Lactate 1%
Ts= Calcium Lactate 2%
Te= Calcium Lactate 3%
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Table 4.25.ANOVA: Effect of chemical treatments on the malic acid of guava fruit

Source df SS MS F
Treatment 6 593.5 98.9 24.44*
Days 3 33443.9 11148.0 2754.20**
Treatment x Days 18 277.8 154 3.81*
Error 56 226.7 4.0
Total 83 34541.8

* = Significant (p<0.05), ** = Highly Significant (p<0.01)

Table 4.26.Effect of chemical treatments on the malic acid of guava fruifmg/100g)

Treatment 0 Day 6 Day 12 day 18 Day Mean
To 106.00 J 136.33 GH 152.67 GE 166.00 A | 140.25A
T1 105.33J 133.67 H 147.67 DF | 162.67 AB| 137.33B
T2 105.00 J 131.00 HI 146.00 F 158.67 BC| 135.17B
T3 105.67 J 126.00 | 142.00 FG | 156.33 B | 132.5CD
Ta 105.33J 134.67 H 146.33 EF | 162.00 AB| 137.08 B
Ts 105.67 J 131.00 HI 146.33 EF | 156.67 BC| 134.92 BC
Ts 106.67 J 126.33 | 141.67 FG | 153.67 CD| 132.08 D
Mean 105.67 D 131.29C 146.10 B 159.43 A

Means carrying the similar letters are statistically-sigmificant

To = Control

T1 = Calcium Chloride 1%
T, = Calcium Chloride 2%
Tz = Calcium Chloride 3%
T,= Calcium Lactate 1%
Ts= Calcium Lactate 2%
Te= Calcium Lactate 3%
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the malic acidcontentwas noted for §which varied from 1080to 136.33 and 152.6&t O

to 6" and 12" day, respectively. Moreover, with further developmseim storage, recorded
value for the trait ws 166.00 at 18" day. Likewise,for T1, T2, T4 and Ts, variations in the
values differed from 105.33 to 133.6705.00 to 13100, 105.33 to 134.67 and 105.67 to
13100at O to &' days, respectively. Furthermore, the noted value for the paramefer T,

and Ts werel162.67,158.67,16200and 156.67 at the termination of 18 days study. The least
increase in the malic acid values were noticed foaAd Te which varied from 105.8 to
156.33 and 106.67 to 153.67 at initiation to terminatibstoragerespectively.

4.14. Tartaric Acid (mg/1009)

The resuls indicate mean squares regarding tartaric acid of treated guava that
significant variations were recorded for the effect of treatments and storage period.
Moreover, their interaction was also found to be momerdaswsepicted ifable4.27.

From means, themaximum value fotartaricacid in the treated guava sample was
recorded in § as 0.89 followed by 0.849 in T. However, the lowest recorded values were
observedsamein Tz and Ts as 0.844 Likewise, for treatmentszJ T4and Ts observed values
for thetrait were 0.8460.849 and 0.84&orrespondingly.

Over the storage, it can be found that a graduakase in the value for tartarecid
was noticed that ranged from 0.786 at initiatiwhich progressed to 0.838, 0.869€ 6" and
12 days, respectivgl Howeverat the termination of 18 days stuthe recorded value for
the paramterwas0.894

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady increase in tartaric acid value during the course of storage. Thaumaxicrease in
the tartaric acid was noted fop Which varied from 0.786 to 0.845 and 0.874 at 0't@fd
12" day, respectively. Moreover, with further developments in storage, recorded value for
the trait was 0.898 at 8lay. Likewise, for T T2, Tsand Ts, variations in the values differed
from 0.786 to 0.840 and 0.872, 0.785 to 0.837 and 0.869, 0.787 to 0.841 and 0.871 and 0.786
to 0.836 and 0.870 at O t§"&nd 12" days, respectively. Furthermore, the noted value for the
parameter T T2, Tsand Ts were 0.896, 0.894, 0.897 and 0.893 at the termination of 18 days
study. The least increase in the tartaric acid values were noticed ddTTs which varied
from 0.786 to 0.898 and 0.786 to 0.890 at initiati@mermination, respectively.
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Table 4.27.ANOVA: Effect of chemical treatments on thetartaric acid of guava fruit

Source df SS MS F
Treatment 6 0.00048 8.044E05 30.30*
Days 3 0.13699 0.04566 17201.1**
Treatmenix Days 18 0.00017 9.238E06 3.48**
Error 56 0.00015 2.655E06
Total 83 0.13779

* = Significant (p<0.05), ** = Highly Significant (p<0.01)

Table 4.28.Effect of chemical treatments on theartaric acid of guava fruit (mg/1009)

Treatment 0 Day 6 Day 12 day 18 Day Mean
To 0.786 | 0.845F 0.874 D 0.898 A 0.85A
T1 0.786 | 0.840 FG 0.872D 0.896 AB 0.849 B
T2 0.7851 0.837 GH 0.869 DE | 0.894 ABC| 0.846 C
T3 0.786 | 0.834 H 0.865 E 0.891BC | 0.844D
Ta 0.787 1 0.841 FG 0.871D 0.897 A | 0.849 AB
Ts 0.786 | 0.836 GH 0.870D | 0.893ABC | 0.846C
Ts 0.786 | 0.835H 0.865 E 0.89C 0.844 D

Mean 0.786 D 0.838C 0.869 B 0.894 A

Means carrying the similar letters are statistically-sigmificant
To = Control

T, = Calcium Chloride 1%

T» = Calcium Chloride 2%

Tz = Calcium Chloride 3%

T4,= Calcium Lactate 1%

Ts= Calcium Lactate 2%

Te= Calcium Lactate 3%
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4.15.Respiration Rate (mLCO 2Kgthr-1)

The result indicate mean squares regarding respiration rate of treated guava that
significant variations were recorded for the effect of treatments and storage period.
Moreover, their interaction was also found to be momerdswdepicted i able4.29

From meanglepicted inTable 4.30, the maxnum value for respiration rate the
treated guava sample was recorded ¢naJ 23.05 followed by 22.881 T4. However, the
lowest recorded values were observed i ahd Ts as 2L.75 and 2..08 respectively.
Likewise, for treatments 1] T2 and Ts observed values for the trait we?2.79 22.5 and
22.33 correspondingly.

Over the storage, it can be found that a gradual increatbe imalue for respiration
rate was noticed that ranged from 10.05 at initiatidmch progressed to 18.982.19at 6"
and 12" days, respectively. Howevat the termination of 18 days study th&ue for the
parameter ws28.16

Amongst treatments, angilar behavior was shown by all the treatmentdi¢ating a
steady increase in respiration rasdue during the course of storagéne maximum increase
in therespiration ratavas noted for gwhich varied from 9.670o 24.00 and 3500 at O to &
and 12" day, respectively. Moreover, with further developments in storage, recorded value
for the trait vas23.63at 18" day. Likewise,for T1, T2, T4 and Ts, variations in the values
differed from 10.33 to 200 and 34.33, 10 to 19.33 and 31,8D.33 to 20.8 and 3400 and
10.00to 1800and 32.67 at O to'6and 12" days, respectively. Furthermore, the noted value
for the parametef1, T2, Taand Ts was26.50, 29.00, 26.33and28.67at the termination of 18
days study. The least increase in the respiratita values were noticed foe @nd Ts which
varied from 9.67 to 32.00 and 10.33 to 31.00 at initiation to termination, respectively.

4.16. Ethylene Gas|{LKg *hr-Y)

It is evident from mean squares regarding ethylene gas of treated guava that
significant \ariations were recorded for the effect of treatments and storage period.
Moreover, their interaction was also found to be momentous as depicted in Table 4.31.

From means depicted in Table 4.32, the maximum value for ethylene gas in the
treated guava sampleas recorded in sfand Ts as 14.83 and 14.58 followed by 13.67 in T
However, the lowest recorded values were observed asT.0.35. Likewise, for treatments

T1, Taand Ts observed values for the trait were 12.50, 12.83 and 13.50, correspondingly.
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Table 4.29. ANOVA: Effect

of chemical treatments onthe respiration

rate of guava

fruit
Source df SS MS F
Treatment 6 35.29 5.88 4.70*
Days 3 6163.61 2054.54 1642.69**
Days x Treatment 18 408.93 22.72 18.16*
Error 56 70.04 1.25
Total 83 6677.86

* = Significant (p<0.05), ** = Highly Significant (p<0.01)

Table 4.30. Effect of chemical treatments on therespiration rate of guava fruit

(MLCO2Kgthrt)

Treatment 0 Day 6 Day 12 day 18 Day Mean
To 9.67 K 24.00GH 35.00A 23.63 GH 23.07 A
T1 10.33 K 20.001 34.33 AB 26.0D FG 22.79 A
T2 10.00K 19.33 1 31.67 AD 29.00DEF 22.90A
T3 9.67 K 15.67J 29.67 GF 3200A-D | 21.75 AB
Ta 10.33K 20.67 HI 34.00AB 26.33 FG 22.83 A
Ts 10.00K 18.0013 32.67 ABC | 28.67 DEF | 22.33 AB
Ts 10.33K 15.00J 28.00EF 31.00B-E 21.08 B

Mean 10.05D 18.95C 32.19A 28.16 B

Means carrying the similar letters are statistically-sigmificant

To = Control

T, = Calcium Chloride 1%
T» = Calcium Chloride 2%
Tz = Calcium Chloride 3%
T4,= Calcium Lactate 1%
Ts= Calcium Lactate 2%
Te= Calcium Lactate 3%
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Over the storage, it can be found that a gradual increase in the vaktbyfieme gas
was noticed that ranged from 2.81 at iiba which progressed to 16.38, 20.826" and
12 days, respectively. Howevat the termination of 18 days stuthe recorded values for
wasl13.86

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady increase iathylene gawalue during the course of storage till 12 days and then
ethylene ga®f the fruits started to decrease. The increase irtimndene gasvas noted for
T3 and Ts which varied from 3.33 to 13.38nd 26.33 and.80to 13.67 and 25.33 at O t§'6
and 12" day, respectively. Moreover, with further developments anasgfe, recorded values
for the trait vas same1(6.33 at 18" day. Likewise,for T,, Tsand Ts, variations in the values
differed from 2.33to 22.67, 3 to 16.67 and.(® to 19.67 at 0 to 12 days, respectively.
Furthermore, the noted value for the parameter was then decrease@d 3400 and14.33
at the termination of 18 days study. The least increase iethlyene gasalues were noticed
for To and T which varied from 2.33 to 180 and 2.67 to 180 at initiation to 12" days of
storage, respectively.hen theethylene gasf the To and T: decreased to 10.33 and 12.67 at
the termination of storage period
4.17. Sensory Evaluation

Most important factors influencing the acceptability of product are its organoleptic
properties. Product having good color, flavor, tasexture and overall acceptability is
accepted for consumption. Product quality depends upon its sensory charestérestiprice
is second factor influencing the acceptability of product.

4.17.1. Color

It is apparent from mean squares regarding the color of treated guava that significant
variations were recorded for the effect of treatments and storage period. Mord@wer
interaction was also found to be momentous as depicted in Table 4.33.

From means as shown in Fig. 3, the maximum valuedtor in the treated guava
sample was recorded ins&nd Ts as 5.25 and 5.00 followed by 4.50 is, Tespectively.
However,the lowest recorded values were observedonlTand Ts as 4.33, 4.33 and 4.33,
respectively. Likewise, for treatments, Tobserved value for the trait was 4.41,

correspondingly.
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Table 4.31. ANOVA: Effect of chemical treatments onthe production of ethylene gasn

guava fruit
Source df SS MS F
Treatment 6 85.45 14.24 12.59*
Days 3 3612.04 1204.01 1064.60**
Treatmentx Days 18 441.21 24.51 21.67*
Error 56 63.33 1.13
Total 83 4202.04

* = Significant (p<0.05), ** = Highly Significant (p<0.01)

Table 4.32. Effect of chemical treatments on theproduction of ethylene gasn guava
fruit (ULKg thr-t)

Treatment 0 Day 6 Day 12 day 18 Day Mean
To 2.33L 19.67 CD 1500F-J 10.33 K 11.83D
T1 2.67L 16.67 DH 18.00D-F 12.67 JK 12.50CD
T2 2.33L 15.67 EJ 22.67 BC 14.00G-J 13.67 ABC
Ts 3.33L 13.33 HK 26.33 A 16.33 Dl 1483 A
Ta 3.00L 18.67 DE 16.67 DH 13.001-K 12.83 CD
Ts 3.00L 17.00E-G 19.67 CD 14.33 GJ 13.30BC
Te 3.00L 13.67 GK 25.33 AB 16.33 Dl 14.58 AB

Mean 2.81D 16.38 B 20.52 A 13.86 C
To = Control

T, = Calcium Chloride 1%
T» = Calcium Chloride 2%
Tz = Calcium Chloride 3%
T4,= Calcium Lactate 1%
Ts= Calcium Lactate 2%
Te= Calcium Lactate 3%
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Over the storage, it can be found that an increase inalue for color was noticed
that ranged from 4.24 at initiation which increased to 6.62"atafy, which declined to 4.90
and 2.62 at 12and 18" day of storage, respectively.

Amongst treatments, a similar behavior was shown by treatments indicatiegdy s
increase in color value till'6day during storage then the color value start to decrease except
in Tz and T, the color value increased till #2ay and then it decreased at"@ay of
storage. The maximum increase in the color value was natic&ed at 6" day 7.67 which
further decreased 3.66 and 1.66 df 4Ad 18" day, respectively. Likewise, for;JT T2, T2 and
Ts variations in the values differed from 4.33 to 6.67, 4.00 to 6.67, 4.00 to 7.33 and 4.00 to
7.00 at O to B days, respectivelyrurthermore, the noted value for the parametei?, T4
and Ts was 2.00, 2.33, 2.33 and 2.33, respectively at the termination of 18 days study. The
color value noticed for Fand Te were 4.33 and 4.67 at initiation which increased to 7.00 and
6.33 at 19 day, which thereafter decreased to 4.00 and 3.67 @tdb§ of storage,
respectively.

4.17.2. Flavor

It is apparent from mean squares regarding the flavor of treated guava that significant
variations were recorded for the effect of treatments stochge period. Moreover, their
interaction was also found to be momentous as depicted in Table 4.34.

From means as shown in Fig. 4, the maximum valudld@or in the treated guava
sample was recorded ins&nd Ts as 4.67 and 4.75 followed by 4.16 in, Tespectively.
However, the lowest recorded values were observed,iifiland Ts as 4.08, 4.16 and 3.75,
respectively. Likewise, for treatmentss Tobserved value for the trait was 4.00,
correspondingly.

Over the storage, it can be found that an increasbke value for flavor was noticed
that ranged from 3.00 at initiation which increased to 6.42"atafy, which further declined
to 4.62 and 2.57 at ¥2and 18" day of storage, respectively.

Amongst treatments, a similar behavior was shown by treatrmehtaiting a steady
increase in flavor value till'6day during storage then the flavor value start to decrease
except in & and Ts, the flavor value increased till 2lay and then it decreased at"iy
of storage. The maximum increase in the flavalue was noticed in dTat 6" day was 7.33
which further decreased 3.67 and 1.33 dtd2d 18" day, respectively. Likewise, for:J T2,

76



Table 4.33. ANOVA: Effect of chemical treatmentson the color of guava fruit

Source df SS MS F
Treatment 6 10.07 1.68 3.92**
Days 3 172.71 57.57 134.33*
Treatment x Days 18 47.452 2.64 6.15*
Error 56 24.00 0.43
Total 83 254.238
* = Significant (p<0.05), ** = Highly Significant (p<0.01)
Fig. 3. Effect of chemical treatments orthe color of guava fruit
Color
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Table 4.34. ANOVA: Effect of chemical treatments on the flavor of guava fruit

Source df SS MS F
Treatment 6 12.57 2.095 5.50**
Days 3 193.75 64.58 169.53**
Treatment x Days 18 39.33 2.18 5.74*
Error 56 21.33 0.38
Total 83 266.988
* = Significant(p<0.05), ** = Highly Significant (p<0.01)
Fig. 4. Effect of chemical treatments on the flavor of guava fruit
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T4 and Ts variations in the values differed from 3.00 to 7.33, 3.33 to 6.67, 3.00 to 6.67 and
2.67 to 6.33 at 0 to"6days, respectively. Furérmore, the noted value for the parametgr T

T2, Taand Ts was 1.67, 2.33, 2.00 and 2.67, respectively at the termination of 18 days study.
The flavor value noticed forsTand Ts were 3.33 and 2.67 at initiation which increased to
6.00 and 6.33 at 12day, which thereafter decreased to 3.67 and 4.33"%tag of storage,
respectively.

4.17.3. Texture

It is apparent from mean squares regarding the texture of treated guava that
significant variations were recorded for the effect of treatments storhge period.
Moreover, their interaction was also found to be momentous as depicted in Table 4.35.

From means as shown in Fig. 5, the maximum valugeidurein the treated guava
sample was recorded ins&nd Ts as 4.58 and 4.67 followed by 4.17 i, Tespectively.
However, the lowest recorded values were observed,iiiiland T4 as 3.75, 4.00 and 4.00,
respectively. Likewise, for treatments; Tobserved value for the trait was 3.92,
correspondingly.

Over the storage, it can be found that an increasiee value for texture was noticed
that ranged from 2.48 at initiation which increased to 5.98"atafy, which further declined
to 5.33 and 2.86 at i2and 18' day of storage, respectively.

Amongst treatments, a similar behavior was shown by treasnedicating a steady increase

in texture value till & day during storage then the texture value start to decrease except in T
and Ts, the texture value increased till" @8ay and then it decreased at"lday of storage.

The maximum increase in thexture value was noticed inp Tt 6" day was 6.67 which
further decreased 4.67 and 1.33 df 48d 18" day, respectively. Likewise, for:J T2, Tsand

Ts variations in the values differed from 2.33 to 6.33, 2.00 to 6.33, 2.67 to 6.33 and 2.67 to
5.67 at 0 to B days, respectively. Furthermore, the noted value for the paramef€s, T4

and Ts was 2.33, 2.67, 2.33 and 3.33, respectively at the termmafid8 days study. The
texture value noticed forsland Ts were 2.67 and 2.67 at initiation which increased to 6.33
and 6.33 at 12 day, which thereafter decreased to 4.00 and 4.00 atda§ of storage,

respectively.
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Table 4.35. ANOVA: Effect of chemcal treatments on the texture of guava fruit

Source df SS MS F
Treatment 6 8.57 1.43 3.43*
Days 3 191.56 63.85 153.25**
Treatment x Days 18 23.52 131 3.14*
Error 56 23.33 0.42
Total 83 246.99
* = Significant (p<0.05), ** = Highly Significant (£0.01)
Fig. 5. Effect of chemical treatments on the texture of guava fruit
Texture
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4.17.4. Taste

It is apparent from mean squares regarding the taste of treated guava that a non
significant variation was recorded for the effect of treatments. Morest@igage days and
interaction of treatments and days were found to be momentous as depicted in Table 4.36.

From means depicted in Fig.6, the maximum valuetdstein the treated guava
sample was recorded ins&nd Ts as 4.17 and 4.42 followed by 4.17 in, Tespectively.
However, the lowest recorded values were observed,iiizland T2 as 3.75, 4.00 and 3.83,
respectively. Likewise, for treatmentss Tobserved value for the trait was 4.00,
correspondingly.

Over the storage, it can be found that an incréasbke value for taste was noticed
that ranged from 2.67 at initiation which increased to 6.14"atafy, which later declined to
5.00 and 2.38 at 12and 18 day of storage, respectively.

Amongst treatments, a similar behavior was shown by treatrmehtaiting a steady
increase in taste value tilf"glay during storage then the taste value start to decrease except
in Tz and Ts, the taste value increased till'l@ay and then it decreased at"Hy of storage.

The maximum increase in the taste value was noticed at 8" day was 7.33 which further
decreased 3.67 and 1.33 at"lahd 18 day, respectively. Likewise, for;TT,, T4 and Ts
variations in the values differed from 3.00 to 6.65,72to 6.00, 2.67 to 6.67 and 2.33 to 6.33

at 0 to &' days, respectively. Furthermore, the noted value for the paramefer, T and Ts

was 2.67, 2.67, 1.67 and 2.00, respectively at the termination of 18 days study. The taste
value noticed for and Ts were 2.67 and 2.67 at initiation which increased to 6.33 and 6.33

at 12" day, which thereafter decreased to 3.00 and 3.33"atld\8 of storage, respectively.

4.17.5. Overall Acceptability

It is apparent from mean squares regarding the overall abdéptaf treated guava
that significant variations were recorded for the effect of treatments and storage period.
Moreover, their interaction was also found to be momentous as depicted in Table 4.37.

From means depicted in Fig.7, the maximum valueofograll acceptabilityin the
treated guava sample was recorded jrafid Ts as 4.92 and 4.25 followed by 4.25 in, T
respectively. However, the lowest recorded values were observeg in and T, as 3.16,

3.91 and 3.91, respectively. Likewise, for treatmentsbBerved value for the trait was 4.25,

correspondingly.
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Table 4.36. ANOVA: Effect of chemical treatments on thetaste of guava fruit

Source df SS MS F
Treatment 6 3.64 0.61 1.70%
Days 3 209.62 69.87 195.64*
Treatment x Days 18 40.55 2.25 6.31*
Error 56 20.00 0.36
Total 83 273.81

NS=Non Significant (p>0.05}, = Significant (p<0.05), ** = Highly Significant (p<0.01)

Fig. 6. Effect of chemical treatments on thdaste of guavafruit
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Over the storage, it can be found that an increase in the valoeediall acceptability
was noticed that ranged from 3.62 at initiation which increased to 5.90daty6 which later
declined to 4.67 and 2.52 atland 18" day of storagerespectively.

Amongst treatments, a similar behavior was shown by treatments indicating a steady
increase iroverall acceptabilitywalue till 8" day during storage then tlwwerall acceptability
value start to decrease. The maximum increase in theviaste was noticed inslat 6" day
was 7.33 which further decreased 5.33 and 3.67 aahd 18 day, respectively. Likewise,
for T4, T2, Ta and Ts variations in the values differed from 3.33 to 5.67, 3.67 to 6.00, 4.00 to
5.33 and 3.67 to 5.67 at O td @lays, respectively. Furthermore, the noted value for the
parameter 1, T, T4 and Ts was 2.00, 2.67, 1.67 and 3.00, respectively at the termination of
18 days study. Theverall acceptabilityvalue noticed for § was 4.00 at initiation which
increased d 6.67 at 12 day, which thereafter decreased to 3.33 dt @8y of storage,

respectively.
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Table 4.37. ANOVA: Effect of chemical treatments on theoverall acceptability of

guava fruit
Source df SS MS F
Treatment 6 25.73 4.29 15.67**
Days 3 131.65 43.88 160.28**
Treatment x Days 18 11.59 0.64 2.35*%
Error 56 15.333 0.274
Total 83 184.32
* = Significant (p<0.05), ** = Highly Significant (p<0.01)
Fig. 7. Effect of chemical treatments on theoverall acceptability of guava fruit
Overall Acceptibility
9
8
7 5
| = T =
‘- =] Bl oo
== §—§ = 56 Day
b — J_E 8= m 18 Day
T2 T3 T5 T6
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Phase I

The treated guava fruits that were stored at 5 and 10%I8@| were evaluated for

guality parameters and the results of the findings were described here.

4.18.Total Soluble Solids(Brix°)

It is obvious from mean squares regarding TSS of treated guavai¢imaficant
variations were recorded for the effect of treatments, storage and carbon dioxide. Moreover,
their interaction was also found to be momentasislepicted iTable4.38

From meangslepicted in 4.3%ertaining to storage conducted at 5% concéntneof
COy, it is deduced that the maximum value for TSS in the treated guava sample was recorded
in To as 10.37 followed by 1072and 10.27 in Tand Ty, respectively. However, the lowest
recorded values were observed inas 10.B. Likewise, fortreatments Tand Tz observed
valuefor the trait were 10£2and 10.B, correspondingly.

Over the storage, it can be found that a gradual increase in the value for TSS was
noticed that ranged from 98&at initiation which progressed to 9.94, 10.33 df énd 12"
days, respectively. However the recorded values for the parameter were 10.65 &tdhgsl 8
of study and at 2&day it reduced to 1054

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady increase in TS@le during the course of storage. The maximum increase in the TSS
value was noted for glwhich varied from 9.8 to 10.10 and 10.47 at O to'6and 12" day,
respectively. Moreovenyith further developments istorage, recorded values for the trait
were 10.90 and at 18 day and after word it reduced to 10.57 at"2#y, respectively.
Likewise, For T and T4 variations in the values differed from 9.8 10.77and 977to 10.67
at 0 to 18 days, respectively. Furthermore, the noted value for the pteamas decreased
to 1053 and 10.60 at the termination of 24 daysdy. The increase in the TS$8lues vas
noticed for & and Ts which varied from 973 to 1030 and 9.8 to 1030 at initiation to
termination, respectively.

Likewise, for 10%concentration kept trial it was revealed that the maximum value
for TSS of treated guava was observed yna$ 10.8 followed by Tsand Ty as 10.5 and
10.18, respectively. Likewise, for sfand Tz recorded values for the parameter were 30.1

and 10.6, repectively.
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Moreover, during the storage a steady increase in the values for TSS was noticed that
ranged from 9.8 at the initiation of the trial and progressed to8%a®d 1032 at 6" and 18
day of storage respectively. However, at the end of 24 days trial noted values for the trait
were 10.G for guava kept at 10% CGoncentration.

Amongst treatments it was noticed that a systematic increase in the values for TSS
was recordedavhich ranged fom 9.8 at 0 day to 1@3 and 10.57 at 1®and 18 day for To,
which further increase to 1@&t 24" day of storage respectively. Likewise, for treatments
T1 and T variations in the values for the trait were®@ahd 977 at 0 day to 100 and 10.6
at 24" day, respectively. Similarly the variations in the TSS values fartl Ts were 977 to
10.73 and 9.8to 1070 at mentioned intervals, respectively.
4.19.pH

It is evident from mean squares regarding pH of treated guava that significant
variations were recorded for the effect of treatments, storage and carbon dioxide. Moreover,
their interaction was also found to be momentasislepicted iTable4.40,

From meansdepicted in Table 4.41 pertaining to storage conducted at 5%
concentration bCO, it is deduced that the maximum value for pH in the treated guava
sample was recordeshmein To and T4 (4.04)and4.03 inT1i.However, the lowest recorded
values were observed ins &s 4.Q. Likewise, for treatmentssland T3 observed values for
thetrait were 4.02 and @0, correspondingly.

Over the storage, it can be found that a gradual increase in the value for pH was
noticed that ranged from F8at initiation progressed to 3.92, 4.02 &t &d 12" days,
respectively. However the recorded vauder the parameter were 9.4t the termination of
24 days study.

Amongst treatmentas depicted imMable4.41, a similar behavior was shown by all
the treatments indicating a steady increase in pH value during the course of storage. The
maximum increase the pH value was noted fop Which varied from 3.86 to 3.94 and 4.04
at 0 to & and 12" day, respectively. Moreovemwith further developments istorage,
recorded values for the trait were 4.15 and 4.23 #tal@l 24" day, respectively. Likewise,

For T; and T, variations in the values differed from 3.&nd 3.8 to 4.03 and 4.04 at O to

12 days, respectively. Furthermore, thated value for the parameter was 4.22 and 4.21 at
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Table 4.38.Mean sum of square of effect of treatments and modified atmosphere storad AS) on TSS ofguava fruit

Source df MS (5 % CO2) MS (10% COz2)
Treatment 6 0.11060** 0.09194**
Days 4 2.71024** 2.50510**
Treatmenix Days 24 0.01735* 0.01321*
Error 70 0.00867 0.00533
Total 104
* = Significant (p<0.05), ** = Highly Significant (p<0.01)
Table 4.39.Effect of treatments and MAS on TSS ofguava fruit during storage
Treatment CO25% C0O210%
Storage Days Means Storage Days Means
0 6 12 18 24 0 6 12 18 24
To 9.83 | 10.10 | 1047 | 109 | 10.57 | 10.37 | 9.83 | 10.27| 10.03| 10.57 | 10.80A| 10.30A
1J G-l B-F A B-E A 1J E-G G-J A-C
T 9.8 |9.93H | 10.33 | 10.77 | 10.53 | 10.27 | 9.80 | 1000 | 10.07 | 10.33 G| 10.70 10.18 B
1J J D-G AB B-F AB 1J H-K F-I E AB
T2 9.77J/9.871J| 10.33 | 10.73 | 10.50 | 10.24 | 9.77J|/9.93} | 10.03|10.33G | 10.60 10.13
D-G AB B-F B L G-J E AB BCD
Ts 9.73J/9.901J | 10.23 | 1047 | 10.0 | 10.23 | 9.73J/9.87}F | 9.901-| 10.20E | 10.60 10.06 D
F-H B-F E-G C L L H AB
Ta 9.77J| 9.97 | 10.37 | 10.67 | 10.0 | 10.27 | 9.77J/9.93} | 10.03|10.33G | 10.73 | 10.16 BC
H-J C-G A-C A-E AB L G-J E AB
Ts 9.80 997 | 10.37 | 10.63 | 1047 | 10.25| 9.80 | 9.97 | 9.97 10.3 10.70 | 10.15BC
1J H-J C-G A-D B-F B 1J H-L H-L D-F AB
Te 9.87 198713 10.23 | 1040 | 10.30 | 10.13| 9.87 | 9.87}F 993} | 10.20E | 10.53B | 10.08 CD
1J F-H C-G E-G C 1J L L H D
Means 9.80 994D 10.33 | 10.65 | 1047 9.80 | 9.98 | 9.99 | 10.32B | 10.67 A
E C A B D C C

Means carrying the similar letters are statisticatiy-significant
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Table 4.40.Mean sum of square of effect of treatmenteind MAS on pH of guava fruit

Source df MS (5 % COy) MS (10% COy)
Treatment 6 0.00359** 0.00365**
Days 4 0.39948** 0.15626**
Treatmentx Days 24 0.00030** 0.00036**
Error 70 0.00007 0.00005
Total 104
** = Highly Significant (p<0.01)
Table 4.41.Effect of treatments and MAS on pH of guava fruit
Treatment C0O25% C0O210%
Storage Days Means Storage Days Means
0 6 12 18 24 0 6 12 18 24
To 3.86 [3.94 404 |4.15 423 | 404A |386L|392LM |3.971 404 EF | 4.12A 3.98 A
L J H DE A
T1 3.87 | 394 [403 |4.13 |4.22 |4.03BC|3.87 3.92MN | 396JK |4.03E |4.09BC |397B
KL J H EF AB KL G
T2 3.86 [ 393 401 |[4.11 419 (402D |3.86L |390MO |394KL |4.02GH|4.07CD |396C
L J HI FG BC
T3 3.87 |3.89 [3991|4.09 |4.18 |400E |3.87 3.880Q | 3.93LM |3.99HI |4.04 EF 3.94D
KL K G C KL
Ta 3.87 | 3.93 [4.04 |4.14 421 |4.04AB|3.87 392LM | 396JK |4.03FG |4.11AB |3.978B
KL J H E AB KL
Ts 3.87 | 3.93 [4.02 |4.12 |42 |4.03CD|3.87 3.91MN | 3.94KL |4.02GH|4.08BC |3.96C
KL J HI EF BC KL
Te 386 [39K |3991|4.11 418 |401E |3.86L |3.89NP |3.93LM |4.00H 405DE |3.95D
L FG C
Means |3.87 |3.92 [4.02 |4.12 |[42A 3.87E|391D 3.95C 402B |4.08A
E D C B

Means carrying the similar letters are statisticatiy-significant
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the termination of 24 days study. The least increase in the pH values were noticedridr T
Te which varied from 3.8to 4.18 and 3.% to 4.18 at initiation to termination, respectively.

Likewise, for 10% concentration getrial it was revealed that the maximum value
for pH of treated guava was observed ya® 3.98followed by Taand T, as 3.97 and 3.97,
respectively. Likewise, for Zand Tz recorded values for the parameter were 3.96 and] 3.9
respectively.

Moreover,during the storage a steady increase in the values for pH was noticed that
ranged from 3.8 at the initiation of the trial and progressed to 3.91 and 4.09 an@ 18"
day of storage respectively. However, at the end of 24 days trial noted values faaith
were 4.08 for guava kept at 10% g€dncentration.

Amongst treatments it was noticed that a systematic increase in the values for pH was
recordedwhich ranged from 3.86 at 0 day to 3.97 and 4.12 dt agd 24" day for T,
respectively. Likewisefor treatments T and T variations in the values for the trait were
3.87 and 3.86 at 0 day to 4.09 and 4.07 af Bdy, respectively. Similarly the variations in
the pH values for 7and Ts were 3. to 4.11 and &7 to 4.08 at mentioned intervals,
respetively.

4.20. Acidity

It is evident from mean squares regarding acidity of treated guava that significant
variations were recorded for the effect of treatments, storage and carbon dioxide. Moreover,
their interaction was also found to be momentasislepicted iTable4.42

From meansdepicted in Table 4.43 pertaining to storage conducted at 5%
concentration of Cg) it is deduced that the maximum value for acidity in the treated guava
sample was recorded ifp as 0.43 followed by 0.44 and 0.44 in &nd T, respectively.
However, the values observed ig d@s 0.46. Likewise, for treatments @nd Tz observed
values for the trait were 0.45 and 0.46, correspondingly.

Over the storage, it can be found that a gradual decrease in the value for acidity was
noticed that ranged from 0.51 at initiation progressed to 0.48, 0.4#% ahd 12" days,
respectively. However the recorded values for the parameter were 0.38 at the termination of
24 days study.

Amongst treatments, a similar behavior was shown byhalltteatments indicating a

steady decrease in acidity value during the course of storage. The maximum decrease in the
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acidity value was noted foFo which varied from 0.51 to 0Z4and 0.41 at 0 to'6and 12"
day, respectively. Moreovewith further developments istorage, recorded values for the
trait were 0.39 and 0.36 at®&nd 24" day, respectively. Likewise, Forn@nd Ty, variations

in the values differed from 015and 0.4 to 0.43 and 0.43 at O to ®2lays, respectively.
Furthermore, the noted value for the parameter sease(0.38) at the termination of 24 days
study. The least decrease in the acidity values were noticed &rdTTs which varied from
0.52t0 0.41 and 0.3to0 0.40 at initiation to termination, respectively.

Likewise, for 10% CQ concentration kept trial it was revealed that the maximum
value for acidityas depicted infTable 4.43 of treated guava was observed in ds 0.45
followed by Taand Ti as 0.45 and 0.46, respectively. Likewise, ferahd T; recordedvalues
for the parameter were 0.47 and 0.48, respectively.

Moreover, during the storage a steady decrease in the values for acidity was noticed
that ranged from 0.51 at the initiation of the trial and progressed to 0.48 and 0@ 4rat 6
18" day of stoage respectively. However, at the end of 24 days trial noted values for the trait
were 0.42 for guava kept at 10% £€dncentration.

Amongst treatments it was noticed that a systematic decrease in the values for acidity
was recordedvhich ranged from 0.55t 0 day to 0.45 and 0.40 at"1and 24" day for T,
respectively. Likewise, for treatments @nd T, variations in the values for the trait were
0.51 and 0.51 at O day to 0.41 and 0.42 af B4y, respectively. Similarly the variations in
the acidityvalues for T, and Ts were 0.3 to 0.41 and 0.52 to 0.42 at mentioned intervals,
respectively.

4.21. Weight Loss %

It is cleared from mean squares regarding the decrease in weight loss% of treated
guava that significant variations were recorded for the effect of treatments, storage and
carbon dioxide. Moreover, their interaction was also found to be momentous asdepict
Table4.44.

From means depicted iMable 4.45 pertaining to storage conducted at 5%
concentration of C@) it is deduced that the maximum value for weight loss% was observed
in the treated guava sample was recordethbias 1.84 followed by 1.76 and7F in T4 and
Ti, respectively. However, the values observeddsad 1.69. Likewise, for treatmentsand

Tso0bserved values for the trait were 1.72 and 1.68, correspondingly.
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Table 4.42.Mean sum of square of effect of treatment&ind MAS on acidity of guava fruit

Source df MS (5 % CO2) MS (10% COy)
Treatment 6 0.00223** 0.00164**
Days 4 0.05519** 0.03075**
Treatmentx Days 24 0.00018** 0.00013*
Error 70 0.00004 0.00005
Total 104
** Highly significant *significant
Table 4.43.Effect of treatments and MAS on acidity of guava
Treatment CO25% C0O210%
Storage Days Means Storage Days Means
0 6 12 18 24 0 6 12 18 24
To 0.51 | 047 |041 /039 |[0.36 |043D |051 048DG |045HKM 0420 |0.40S 045 E
A DE I-K L-N | O AB R
T1 0.51 | 048 | 043 (041 |0.38 |0.44C |051 048DF |046GK |0.44K |0.41RS |0.46 DE
AB C-E |HI JL NO A-C Q
T2 0.51 |0.47 |0.45 042 |0.38 |0.45BC|0.51 049CE |047F |0.4430 |0.42RR |0.47BC
A DE F-H I-K M-O AB
Ts 052 |0.50 |0.46 044 |041 |046A |052A | 049BE |048DF |046FJ [044KQ |0.48A
A A-C |E-G |GH JL
Ta 0.51 |0.47 | 043 (040 |0.38 |0.44C |051 0.48DG | 0.44KP |043N |041RS |045DE
A EF HI K-M | M-O AB R
Ts 0.52 | 048 |045 (042 |0.38 |045B |052A | 048DF |045KM |043L |042QS |0.46CD
A C-E |FH I-K M-O Q
Te 0.52 | 049 |047 043 |04 |0.46A |052A | 0.50A-D |047EH |045H |043MQ |0.47 AB
A B-D | EF H-J K-N L
Means |0.51 |0.48 [0.44 |0.41 |0.38 0.51A0488B 0.46 C 044D |042E
A B C D E

Means carrying the similar letters are statistically-sigmificant
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Over the storage, it can be found that a gradual increase in the weight lost % was noticed
that ranged from 0.96 at"6day and progressed to 1.55 and 2.06 af aAd 18" days,
respectively. However the recorded values for the parameter v at the termination of 24
days study.

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady increase in weight loss% during the course of storage. The maximum increase in weight
loss% was noted fofFo which varied from 1.04 to 1.64 and 2.17 &t ® 12" and 18" day,
respectively. Moreover, with further developments in  storage, recorded values for the trait was
2.53 at 2% day, respectively. Likewise, For,@nd Tz variations in the values differed fro0.99
and 0.98 to 1.57 and 1.58 df & 12" days, respectively. Furthermore, the noted value for the
parameter was 2.41 and 2.42 at the termination of 24 days study. The least increase in weight
loss% valuesvas noticed for & and Ts which varied from0.9 to 2.33 and 0.92 to 2.35 at
initiation to termination, respectively.

Likewise, for 10% CQ concentration kept trial it was revealed that the maximum value
for increase in weight loss% of treated guava was observeglds I.53 followed by Jand T
as 1.48 and 1.46 respectively. Likewise, forahd Tz recorded values for the parameter were
1.41 and 1.36, respectivedg depicted iTable4.45

Moreover, during the storage a steady increase in weight loss% was noticed that ranged
from 0.86 at the Bday of the trial and progressed to 1.13 and 1.64 %aabd 18 day of storage
respectively. However, at the end of 24 days trial noted values for the trait were 2.11 for guava
kept at 10% C@concentration.

Amongst treatments it was noticed that ateynatic increase in the weight loss % was
recordedwhich ranged from 0.92 at'®day to 1.23 and 2.21 at %2and 24" day for To,
respectively. Likewise, for treatments @&nd T, variations in the values for the trait were 0.88
and 0.84 at B day to 2.8 and 2.07 at 24 day, respectively. Similarly the variations in the
weight loss % for T and Ts were 0.89 t02.17 and 0.83 to 2.05 at mentioned intervals,

respectively.
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Table 4.44.Mean sum of square of effect of treatmenteand MAS onweight loss % of guava fruit

Source df MS (5 % CO2) MS (10% COy)
Treatment 6 0.03718** 0.04274*
Days 4 8.25599** 6.47229 **
Treatment XDays 24 0.0005G 0.00103
Error 70 0.00011 0.00010
Total 104
* = Significant (p<0.05), ** = Highly Significant (p<0.01)
Table 4.45.Effect of treatments and MAS onweight loss % of guava fruit
Treat CO25% C0210%
ment Storage Days Means Storage Days Means
6 12 18 24 6 12 18 24
To 1.04N |1.641 217E |253A |[184A (0920 1.23K 176 F 221 A 1.53 A
T1 0990 |1.577J 2.10F 241B 1.77B |0.88PQ |1.18L 165H 214 C 1.46 C
T2 094P |153KL |[205G |238C |1.72C |084RS |1.12M 1.621 2.07D 1.41E
Ts 090Q |1.48M | 2.00H 233D |168E |081S 1.05N 1.57J 202 E 1.36 G
Ta 0.980 |1.581J 208FG |242B 1.76 B |0.890P |1.17L 169G 217B 1.48 B
Ts 094P |155JK [205G |237C |1.73C |0850QR |1.11M 1.63 HI 211C 1.43D
Te 092PQ|15LM |201H |235CD 169D |083RS |1.05N 1.58J 205DE |1.38F
Means | 096D |155C |2.06B |240A 0.86 D 1.13C 1.64B 211 A

Means carrying the similar letters are statistically-sigmificant
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4.22. Firmness (Kg Force)

It is obvious from mean squares regarding firmness of treated guava that significant
variations were recordeir the effect of treatments, storage and carbon dioxide. Moreover,
their interaction was also found to be momentous as depicted in Table 4.46.

From means depicted iMable 4.47 pertaining to storage conducted at 5%
concentration of Cg) it is deduced that the minimum value for firmness in the treated guava
sample was recorded iy as 6.587 followed by 6.87and 6.%7 in T, and Ty, respectively.
However, the values observed ig ds6.326.Likewise, for treatments ;Tand Tz observed
values for the trait werb.734and6.30Q correspondingly.

Over the storage, it can be found that a gradual decrease in the value for firmness was
noticed that ranged from 8.@2t initiation progressed to 7.942 and 05& 6" and 12
days, respectively. However the recorded values for the parameter were 5.678 at the
termination of 24 days study.

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady decrease in firmness value during the courseraige. The maximum decrease in the
firmness value was noted fdib which varied from 8.42 to 7.348 and 6.709 at 0 td"@nd
12 day, respectively. Moreovewjith further developments istorage, recorded values for
the trait were 5.706 and 4.748 at™a&nd 24" day, respectively. Likewise, For;Bnd Ts,
variations in the values differed from 8% and 8.59 to 7244 and 7225 at 0 to 12" days,
respectively. Furthermore, the noted value for the parameter was 5.450 and 5.441 at the
termination of 24 day study. The least decrease in the firmness values were noticegl for T
and Te which varied from 8.23 to 6.30 and 8.25 to 6.326 at initiation to termination,
respectively.

Likewise, for 10% CQ concentration kept trial it was revealed that the minimum
value for firmness of treated guava was observedoiasli6.819 followed by #and T; as
7.074 and 7.@9, respectively. Likewise, for ;Tand Ts recorded values for the parameter
were 7.3B and 7.63, respectivelys depicted iTable4.47.

Moreover, during the storage a steady decrease in the values for firmness was noticed
that ranged from 8.42at the initiation of the trial and progressed to 7.989 and 6.352 at 6
and 18" day of storage respéetly. However, at the end of 24 days trial noted values for the

trait were 5.885 for guava kept at 10% £a0ncentration.
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Table 4.46.Mean sum of square of effect of treatmenteand MAS on firmness of guava fruit

Source df MS (5 % CO2) MS (10% COy)

Treatment 6 1.7100** 1.375%*

Days 4 28.7296* 25.0546*

Treatment XDays 24 0.150F* 0.165%*

Error 70 0.0195 0.0081

Total 104

** = Highly Significant (p<0.01)

Table 4.47.Effect of treatments and MAS onfirmness ofguava fruit

Treatm CO25% CO210%
ent Storage Days Means Storage Days Means
0 6 12 18 24 0 6 12 18 24

To 8.424A | 7.348 | 6.709H|5.706 |4.748 O| 6.587 D| 8.424 A| 7.581 6.833 F| 5.9531 |5.303K|6.819D
B E-G MN DE

T1 8.409A | 7.728 | 7.244 |6.007J | 5.450N | 6.967 C| 8.409 A| 7.858 7.481 E| 6.079 HI| 5.420 K| 7.049 C
B DE FG M CD

T2 8.443 |8.273 |7.732 |6.439 |5.734 |7.324B|8.443 A|8.095 7.836 |6.673F | 582713/ 7.375B
AB A-C DE H-J L-N BC CD

Ts 8.423 8353 |8.035 |6.642H|6.300 |7.551A|8.423A]8.252 8.102 | 6.803F | 6.687 F| 7.653 A
AB AB A-D H-K AB BC

Ta 8.459A | 7.80 7.225G|5.944 |5441N |6.978C|8.459A|7907C | 7471 E| 59941 |5541 |7.074C

CD K-M JK

Ts 8.420 7875 | 7691 |6.171}F 5748 |7.181B|8.42A |7.975 7.827 |6.356 5.8251J] 7.280 B
AB CD D-F L L-N BC CD GH

Te 8.425 |8.196 |8.003 |6.474 |6.326 |7.485A]|8.425A|8.256 8.065 | 6.606 6.593 | 7.589 A
AB A-C B-D HI H-K AB BC FG FG

Means | 8.429 A| 7.942B| 7.52C | 6.198 D| 5.678 E 8.429 A| 7.989B |7.659C|6.352D | 5.885 E

Means carrying the similar letters are statistically-sigmificant
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Amongst treatments it was noticed that a systematic decrease in the values for
firmness was recorded which ranged from 8.420 day to 6.833 and 5.303 atMand 24"
day for To, respectively. Likewise, for treatments dnd T, variatiors in the values for the
trait were 8.89 and 8.43 at 0 day to 5.420 and 5.827 at"a#hy, respectively. Similarly the
variations in the firmness values for @nd Ts were 8.49 to 5.541 and 820 to 5.825 at
mentioned intervals, respectively.
4.23.Glucose content (g/100g)

It is evident from mean squares regarding glucose of treated guava that significant
variations were recorded for the effect of treatments, storage and carbon dioxide. Moreover,
their interaction was also found to be significantdepicted inTable4.48.

From means depicted ihable4.49 related to storage conducted at 5% concentration
of COy, it is deduced that the maximum value for glucose rate in the treated guava sample
was recorded in gras 3.® followed by 3.04 and 3.03 insTand T, respectively. However,
the lowest recorded valugasobserved in § as 2.9. Likewise, for treatmentsland Tz
observed values for the trait wer®3and 2.9, correspondingly.

Over the storage, it can be found that a gradual increase in treefealglucose was
noticed that ranged from 27at initiation progressed to 2.86, 3.06 &t &nd 12" days,
respectively. However the recorded values for the parameter were 3.24 at the termination of
24" days study.

Amongst treatments, a similar behavieas shown by all the treatments indiogtia
steady increase in glucoskuring the course of storage. The maximum increase in the
glucose value was noted fdp which varied from 2.3 to 2.92 and 3.13 at 0 td"@Gand 12
day, respectively. Moreover, witlurther developments in storage, recorded values for the
trait were 3.28 and 3.22 at"t@&nd 24" day, respectively. Likewise, Fordnd T, variations
in the values differed from 217to 3.09 and 2.73to 3.10 at 0 to 1% days, respectively.
Furthermore the noted values for;Tand T, were 3.2 and 3.3 at the termination of 22
days study. The least increase in the glucose values were noticeghfud Ts which varied
from 2.73t0 3.22 and Z.2to 3.24 at initiation to termination, respectively.

Likewise, for 10% concentration kept trial it was revealed that the maximum value
for glucose value of treated guava was observed, iasT300 followed by Tsand T; as 2.9

and
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Table 4.48.Mean sum of square of effect of treatmentend MAS onglucose of guava fruit

Source df MS (5 % CO2) MS (10% COy)
Treatment 6 0.01304 0.01034
Days 4 1.01019* 0.98476*
Treatmentx Days 24 0.00267* 0.00107
Error 70 0.00011 0.00003
Total 104
* = Significant (p<0.05), ** =Highly Significant (p<0.01)
Table 4.49.Effect of Treatmentsand MAS on glucose content of guava fruit
Treatm C0O25% C0O210%
ent Storage Days Means Storage Days Means
0 6 12 18 24 0 6 12 18 24
To 273R | 292M | 3.13 3.28 A | 3.22 3.06A |[2.73R |285M |3.031 |3.19D |3.27A |3.01A
FG CD
T1 271R | 2.88 3.09HI |3.21D | 3.25A |3.03 271R |283NO|298J |3.13E |3.25 298 C
NO C BC AB
T2 272R | 2.85 3.04 JK| 3.16 EF| 3.27 3.00D |2.72R |2.80P 295K [3.11F |3.23C |296E
OP AB
Ts 273R |281Q |3.00L |3.11 3.22 297F |273R |276Q |291L |3.07H |3.20D |293G
GH CD
Ta 273R |2.89 3.10 3.23B | 3.24B |3.04B |2.73R | 2.84 3.00J |3.15E |3.26 2.99B
MN GH D D MN AB
Ts 2.73R | 2.87 3.071J |3.18E | 3.26 3.02C |2.73R |283M |[296K |3.11FG | 3.24 297D
NO AB O BC
Te 2.72R | 2.83 3.02 3.13 3.24B |299E |2.72R |2820 [292L |3.09G |3.23C |295F
PQ KL FG D
Means | 2.72E |2.86D |3.06C |3.19B |3.24A 272E 282D [|296C |3.12B |3.24A

Means carrying the similar letters are statistically-sigmificant
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2.98,respectively. Likewise, for and Tz recorded values for the parameter were 2.96 arg} 2.9
respectively as depicted in Table 4.49.

Moreover, during the storage a steady increase in the values for glucose was noticed that
ranged from 2.7 at the initiatio of the trial and progressed to 28nd 3.12 at8and 18"
day of storage respectively. However, at the end of 24 days trial noted values for the trait were
3.24 for guava kept at 10% G©@oncentration.

Amongst treatments it was noticed that a systematic increase in the values for glucose
values was recordeshichranged from 2.3 at 0 day to 3.8and 3.27 at 12and 24" day for T,
respectively. Likewise, for treatments dnd T variations in the vales for the trait were 21%to
3.25and 2.72 and 3.2at 0 day to at 28 day, respectively. Similarly the variations in the
glucose values for sfand Ts were 2.73 to 32 and 2.8 to 3.24 at mentioned intervals,
respectively.

4.24. Fructose (g/1009)

It is evident from mean squares regarding fructose of treated guava that significant
variations were recorded for the effect of treatments, storage and carbon dioxide. Moreover, their
interaction was also found to be significaistdepicted iffable4.50

From nmeansdepicted inTable4.51related to storage conducted at 5% concentration of
CQO, it is deduced that the maximum value for fructose in the treated guava sample was recorded
in To as 3.2 followed by 3.50 and 30in T4 and Ty, respectively. However, tHewest recorded
values were observed ins&s 3.4. Likewise, for treatments;land Ts observed values for the
trait were 3.48 and 374 correspondingly.

Over the storage, it can be found that a gradual increase in the value for fructose was
noticed thatranged from 3.31 at initiation progressed t093.3.51 at & and 12" days,
respectively. However the recorded values for the parameter w&atite termination of 22
days study.

Amongst treatments, a similar behavior was shown by all the treanmeditating a
steady increase in fructose during the course of storage. The maximum increase in the fructose
value was noted for ¢Twhich varied from 3.8 to 3.4 and 3.9 at 0 to & and 12" day,
respectively. Moreover, with further developments inager, recorded values for the trait were

3.66 and 3.8 at 18" and 24" day, respectively. Likewise, Fordnd Tz, variations in the values
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differed from 3.320 3.52and3.31 t03.53 at 0 to 12 days, respectively. Furthermore, the noted
values for T and T, were 3.8 and 3.8 at the termination of 2%days study. The least increase
in the fructose values were noticed fayrahd Ts which varied from 3.2 to 3.& and 3.2 to 3.64

at initiation to termination, respectively.

Likewise, for 10% concentrain kept trial it was revealed that the maximum value for
fructose value of treated guava was observedpiasl3.49 followed by 4and T, as 3.8 and
3.47, respectively. Likewise, forzland Tz recorded values for the parameter weré2dd 3.4,
respedwely as depicted iTable4.51

Moreover, during the storage a steady increase in the values for fructose was noticed that
ranged from 3.31 at the initiation of the trial and progressed to 3.37 an@t364 and 18" day
of storagerespectively. However, at the end of 24 days trial noted values for the trait were 3.61
for guava kept at 10% GQ@oncentration.

Amongst treatments it was noticed that a systematic increase in the values for fructose
values was recordeshichranged fron8.31 at 0 day to 3%and 3.6 at 12" and 24" day for T,
respectively. Likewise, for treatments dnd T, variations in the values for the trait were 3t82
3.62 and 3.31 and 3.68t 0 day to at 28 day, respectively. Similarly the variations in the
fructose values for sfand Ts were 3.3 to 3.64 and 3.27 to 3.61 at mentioned intervals,
respectively.

4.25. Sucrose (g/100g9)

It is evident from mean squares regarding sucrose of treated guava that significant
variations were recorded for the effecttiatments, storage and carbon dioxide. Moreover, their
interaction was also found to be significastdepicted iffable4.52

From meanslepicted inTable4.53related to storage conducted at &Xel of CO,, it is
deduced that the maximum value for @ag® in the treated guava sample was recorddd as
1.91 followed by 1.8 and 1.88 in T and T, respectively. However, the lowest recorded values
were observed inglas 1.%. Likewise, for treatments;Bnd Tz observed values for the trait were
1.86 andL.83, correspondingly.

Over the storage, wasfound that a gradual increase in the value for sucrose was noticed
that ranged from 1%at initiation progressed to 1.76, 1.87 &t &nd 12" days, respectively.

However the recorded values for the parameter were 2.04 at the terminatidhdafy24study.
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Table 4.50.Mean sum of square of effect of treatmenteand MAS on fructose content of guava fruit

Source df MS (5 % CO2) MS (10% CO2)

Treatment 6 0.00569 0.00830

Days 4 0.39750* 0.31420*

Treatmentx Days 24 0.00156* 0.0010%

Error 70 0.00018 0.00017

Total 104

* = Significant (p<0.05), ** = Highly Significant (p<0.01)

Table 4.51.Effect of treatments and MAS on fructose of guava fruit

Treatm CO25% C0O210%
ent Storage Days Means Storage Days Means
0 6 12 18 24 0 6 12 18 24

To 3.30 3.44JK| 357EF|3.66 A |3.62B |[3.52A |3.31 341N |352H |[358GCF|3.65A [3.49A
PQ D WX Q J

T1 3.32 3.41 3.52 3.62B | 3.63A |3.50 3.32 3.39RS | 346K |356E |3.62A 3478
OP KL GH D C BC VW M H C

T2 3.31 3.39 3.50 HI | 3.58 3.63 A | 3.48 3.31 336R | 344 |353GI |[36BE |345C
OP LM DE C CD VW U O

Ts 3.32 334N | 3471) |356E |3.62B |[346E |3.32U- |3.34T |3.40 350K [3.57E [3.43D
OP P G D w w OPQ G

Ta 3.31 3.40 353F |3.63A | 3.63A [350B |3.31 3400- |3483 |357D |3.64 3.48 AB
OP KL H C C VW R L F AB

Ts 3.27Q | 3.37L [3.49HI|3.60C- | 3.64 A | 3.47 327X 1338Q [345L |355F |3.61A |345C

N E C DE T N H D

Te 3.32 3.35M | 3481 |3.57EF| 3.64 3.47 332U |335S [342M [352HJ |359C |3.44CD

OP O AB DE W V P F
Means | 3.31E |3.39D |351C |[3.60B |3.63A 331E |337D |345C |[355B |361A

Means carrying the similar letters are statistically-sigmificant

100




Table 4.52.Mean sum of square of effect of treatmentand MAS onsucrose of guava fruit

Source df MS (5 % CO2) MS (10% COy)
Treatment 6 0.01072* 0.01069*
Days 4 0.55562* 0.37891*
Treatmentx Days 24 0.001406* 0.00096
Error 70 0.00008 0.00006
Total 104
* = Significant (p<0.05), ** = Highly Significant (p<0.01)
Table 4.53.Effect of treatments and MAS on sucrose of guava fruit
Treatm CO25% C0O210%
ent Storage Days Means Storage Days Means
0 6 12 18 24 0 6 12 18 24
To 1.66 P |1.79 194F |2.08A |2.04 191A |166R |1.78KL |187F [195D |2.04A |1.86A
KL BC
T1 1.63P | 1.77 1.88 2.04 2.05 1.88B |1.63R |[1.73NO|1.82HI|1.90E 202B |1.83B
LM GH CD BC
T2 1.67P |1.75 1.8413 | 200E | 2.03 186C |167R |1.710 |1.79JK|186FG|199C |1.80C
MN CD Q
Ts 1.66P (1720 |182JK|196F |199E |183E |166R |1.70Q |1.77 184GH| 195D |1.78E
LM
Ta 1.65P |1.78L |191G |2.05 2.07 1.89A |[165R | 1.75 1.84 189E |2.03 1.83B
BC AB MN GH AB
Ts 1.65P | 1.75 1.87 HI | 2.01 2.04 187C |165R |1.72N |1801J |1.87F |201B |181C
MN DE BC P
Te 1.66 P |1.74 1.82J |196F |2.03 185D |[166R |1.70PQ |1.801J |1.84GH| 1.98 1.79D
NO CD CD
Means | 1.65E |1.76 D |1.87C |2.01B |2.04A 165E 173D |181C [18B |2A

Means carryinghe similar letters are statistically nemgnificant
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Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady increase in sucrose during the course of storage. The maximum increase in the sucrose
value wasnoted for b which varied from 1.66 to 1.79 and 1.94 at 0 & &d 12" day,
respectively. Moreover, with further developments in storage, recorded values for the trait
were 2.08 and 2.04 at #&nd 24" day, respectively. Likewise, Foridnd Tz, variations in
the values differed from 136to 1.88 and 1.65 and1.91 at 0 to 12' days, respectively.
Furthermore, the noted values for and T, were 2.05 and 2.07 at the termination of'24
days study. The least increase in the sucrose values weredhfuicl; and Te which varied
from 1.63to 1.99 and 1.6to 2.03 at initiation to termination, respectively.

Likewise, for 10% concentration kept trial it was revealed that the maximum value
for sucrose value of treated guava was observed asTL.86 fdowed by Tsand T, as 1.83
and 1.83, respectively. Likewise, fop &ind Tz recorded values for the parameter were 1.80
and 1.78, respectively as depictedable4.53.

Moreover, during the storage a steady increase in the values for sucrose was noticed
that ranged from 1%at the initiation of the trial and progressed to 1.73 an8 &t&" and
18" day of storage respectively. However, at the end of 24 days trial noted values for the trait
were 2.00 for guava kept at 10% g€dncentration.

Amongst treatments it was noticed that a systematic increase in the values for sucrose
values was recordeshichranged from 1.66 at 0 day to 1.87 and 2.04 &tdrid 24" day for
To, respectively. Likewise, for treatments dnd T variations in the vales for the trait were
1.63t0 2.02and 1.65 and 2.03 from 0 day 24" day, respectively. Similarly the variations
in the sucrose values for a&nd Ts were 1.65 to 2.03 and B&o 2.01 at mentioned intervals,
respectively.

4.26. Total Phenolic Content (gGAE/100g)

It is evident from mean squares regarding Total Phenolic Confetneated guava
that significant variations were recorded for the effect of treatments and storage. The
interaction of dayand treatment was also found significant for this trait as depict€dble
4.54.

From meansdepicted inTable 4.55 pertaining to treatments conducted at 5%
concentration of C@ it is deduced that the maximutotal phenolic contenin the treated
guavasample was recorded irs &s 12200 followed by 121.13, 117.93, 117.60 115.73 and
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115.27 in &, T2, Ts, T1 and T4 respectively. However, the lowest recorded values were
observed in Tas 112.40.

Over the storage, it can be found that a gradual decreasetwtahphenolic content
was noticed that ranged from 132.&initiation decreased to 122.67, 115.33 and 110.81 at
6, 12" and 18" days, respectively. However the recorded values for #rampeter were
105.81 at the termination of 24 days study.

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady decrease itotal phenolic contenduring the course of storage. The maximum
decrease in theotal phenoliccontentwas noted for ¢ which varied from 131.67, 116.67
110.33 and 104.67at 0 to &, 12" and 18 day, respectively. Moreover, with further
developments in storage, recorded values for the trait was 28.@4" day. The least
decrease irtotal phenolic contentvas noticed for 3 which varied from 133.33, 126.33,
121.67,116.6andl12.00at 0, 8", 12", 18" and 24 days of storage, respectively.

Likewise, for 10% concentration kept trial it is deduced that the maxiruiat
phenolic contenin the treated guava sample was recorded jra§ 12527 followed by
12440, 122.93, 120.60119.40 and 118.33 inel T2, Ts, T1 and Ts respectively. However,
the lowest recorded values were observedyiasi116.93lepicted inTable4.55

Moreover, during he storage a steady decrease inttital phenolic contentvas
noticed that ranged frorh32.9) at the initiation of the trial and decreasedlf26.24, 120.86
and 115.71 at'é 12" and 18" daysof storage respectively. However, at the end of 24 days
trial noted values for the trait wetd 0.24for guava kept at 10% CG@oncentration.

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady decrease itotal phentic contentduring the course of storage. The maximum
decrease in th&otal phenolic contentvas noted for §which varied from 131.67, 122.67,
116.33and 109.33 at 0 to'® 12" and 18" day, respectively. Moreover, with further
developments in storage, recorded values for the trait were 104.67" atag4 The least
decrease irtotal phenolic contentvas noticed for T which varied from 133.33, 129.33,
124.67,123.67and 115.33 at @, 6", 12", 18" and 24 days of storage, respectively.
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Table 4.54.Mean sum of square of effect of treatmenteand MAS ontotal phenolic content of guava fruit

Source df MS (5 % CO2) MS (10% COy)
Treatment 6 169.35 149.4F
Days 4 2309.72* 1601.44*
Treatmenix Days 24 10.7C 1422
Error 70 2.57 1.83
Total 104
* = Significant (p<0.05), ** = Highly Significant (p<0.01)
Table 4.55.Effect of treatments and MAS on total phenolic content of guava fruit
Treatm CO25% C0O210%
ent Storage Days Means Storage Days Means
0 6 12 18 24 0 6 12 18 24
To 131.67 | 116.67 | 110.33 | 104.67 | 98.67 N| 112.40 | 131.67 | 122.67 |116.33 | 109.33 | 104.67 | 116.93 E
AB F-H I-K LM D A-C G-J L-N PQ R
T1 13300 |121.33 | 112.67 | 108.33 | 103.33 | 115.73 | 13300 | 12500 |11900 | 11300 |107.00 |119.9
A D-F H-J JL L-N C AB D-H JL M-P QR CD
T2 132.33 | 123.67 | 115.33 | 111.67 | 106.67 | 117.93 | 132.33 | 127.33 |123.33 | 119.33 | 112.33 | 12293 B
A C-E G-l H-K K-M B AB C-F F-J I-L N-P
T3 133.33 | 126.33 | 121.67 | 116.67 | 11200 | 12200 | 133.33 | 129.33 |124.67 | 123.67 | 115.33 | 125.27
A CD C-F F-H H-J A A A-D E-H F-l L-N A
Ta 13300 |120.33 | 11200 | 10800 | 10300 |115.27 | 13300 |124.33 |11700 | 110.67 |106.67 |118.33
A E-G H-J JIM MN C AB E-H K-M 0-Q QR DE
Ts 132.33 | 123.67 | 11500 |110.33 | 106.67 | 117.8@0 | 132.33 | 126.33 |121.33 | 112.33 | 110.67 | 120.8
A C-E HI I-K K-M B AB D-G H-K N-P 0-Q C
Te 132.33 | 126.67 | 120.33 | 11600 | 110.33 | 121.13 | 132.3 |128.67 |124.33 | 121.67 | 11500 | 124.40
A BC E-G GH I-K A AB B-E E-H H-J L-O AB
Means | 132.57 | 122.67 | 115.33 | 110.81 | 105.81 132.9 | 126.24 |120.86 | 115.71 | 110.24
A B C D E A B C D E

Means carrying the similar letters are statistically-sigmificant
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4.27. Antioxidant Activity of (LmoITE/qQ)

It is evident from mean squares regarding antioxidant activity of treatada that
significant variations were recorded for the effect of treatments tanalge. The interaction
of days andreatment was also found significant for this trait as depictddbie4.56.

From meansdepicted in Table 4.57 pertaining to treatment conducted at 5%
concentration of Cg@) it is deduced that the maximuanmtioxidant activityin the treated
guava sample was recorded inandT» as19.73 and 22.53. Iit4, Ts and Ts the observed
values were 18.87, 21.93 and 25.685pectively. However, the lowest recorded values were
observed in Tand Ty as17.13 and 19.73, respectively

Over the storage, it can be found that a gradual decrease amtibgidant activity
was noticed that ranged from 34.33imtiation progressed to 28.880.48 and 15.05 at'6
12" and 18 days, respectively. However the recorded value for the parameter was 9.71 at
the termination of 24 days study.

Amongst treatments, a similar behavior was shown by all the treatmergatingia
steady decrease antioxidant activityduring the course of storage. The maximum decrease
in theantioxidant activitywas noted for gwhich varied from 3400, 24.67, 15.6and 800 at
0 to 6" 12" and 18 day, respectively. Moreover, with finer developments in storage,
recorded value for the trait was 3.33 at"2#y. Likewise, the least decreaseaimtioxidant
activity was noticed for § which varied from 3400, 31.67, 25.33, 21.33and 0® at
initiation to termination, respectively.

Likewise, for 10% concentration, it is deduced that the maxiraotioxidant activity
in the treated guava sample was recorded;iantT, as22.73 and 25.53n T4, Ts and Tethe
observed values were 22.33, 25.07 and 2788pectively. However, the lowestcorded
values were observed in 120.47)and T; (22.73)asdepicted inTable4.57.

Over the storage, it can be found that a gradual decrease amtibgidant activity
was noticed that ranged from 34.33 rtiation progressed to 30.623.62, and 1%2 at &,

12" and 18 days, respectively. However the recorded value for the parameter was 14.33 at
the termination of 24 days study.

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady decrease antioxidantactivity during the course of storage. The maximum decrease
in theantioxidant activitywas noted for gwhich varied from34.00, 27.67, 2000and 13.33
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at 0 to &, 12" and 18" day, respectively. Moreover, with further developments in storage,
recordedvalue for the trait was 7.33 at 24lay. Likewise, the least decreaseamtioxidant
activity was noticed for § which varied from 3400, 32.67, 27.33, 24nd 18.67at initiation

to termination, respectively.

4.28.Citric Acid (mg/100g9)

It is evident fom mean squares regarding citacid content of treated guava that
significant variations were recced for the effect of treatments astbrage. The interaction
of days* treatment was also found significant for this saiepicted inTable4.58

From means depicted in Table 4.59 pertaining to storage conducted at 5%
concentration of Cg it is deduced that the maximum citrecid content (3740) in the
treated guava sample was recorded dnld, Ts, Ts and T 343.80, 351.07, 357.13, 350.93
and 355.40However, the recorded values were observed iant Taas 37100and 348.00

Over the storage, it can be found thagradual decrease in the citaicid content was
noticed that ranged from 385 at initiation decreased to 361.19, 36@.and 33671 at 6",

12" and 18 days, respectively. However the recorded values for the parameter were 329.14
at the termination of 24 days study.

Amongst treatments, a similar behavior was shown by all the treatmentdimgliaa
steady decrease in citracid content during the course of storagee Tieximum decrease in
the citricacid content was noted for Which varied from 37400to 35600 and 341.67 at O
to 6" and 12" day, respectively. Moreover, with further deyateents in storage, recorded
values for the trait were 328.67 and 318.67 df 48d 24" day, respectidg. The least
decrease in citriacid content were noticed fors Which varied from 3B5.00to 33800 at
initiation to termination, respectively.

Likewise, for 10% concentration kept trial it was revealed that the maxif@urnc
acid content of treated guava was observe,iid, Ts, Ts and Ts as350.33, 355.60, 360.07,
354.80 and 358.13gspectively. Likewise, for Ta recorded value for the parameter was
353.67which were the lowest as depictedTiable4.59.

Moreover, during the storage a steady decrease inittfieacid content was noticed
that ranged from 3785 at the initiation of the trial and decreased @838, 356.76 and
344.05 at 8 12" and 18" day of storage respectively. However, at the end of 24 days trial

noted values for the trait were 336.71 for guava kept at 10%cGazentration.
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Table 4.56.Mean sum of square of effect of treatmenteand MAS on antioxidant activity of guava fruit

Source df MS (5 % CO2) MS (10% CO2)
Treatment 6 167.8& 114.37*

Days 4 2101.23* 1384.01*
Treatmenix Days 24 13.60 10.64*

Error 70 1.17 1.15

Total 104

* = Significant (p<0.05), ** = Highly Significant (p<0.01)

Table 4.57. Effect of treatmentsand MAS on antioxidant activity of guava fruit (umolTE/qg)

Treatm CO25% C0O210%
ent Storage Days Means Storage Days Means
0 6 12 18 24 0 6 12 18 24
To 34.00A | 24.67 | 15.67J|8.00 3.33N | 17.13D| 3400 |27.67 20.00 13.33 7.330 |20.47D
EF LM AB EF JK MN
T 34.67 Al 27.67 |1800 |11.67 K| 6.67 19.73 C| 34.67 A| 29.33C | 21.67 | 16.00 1200N | 22.73 C
C-E H-J MN E H-J LM
T2 34.67 A|30BC |21.33 |16.33J|10.33 |2253B|34.67A|31.67 A |23.67 |21001J |16.67 |25.53B
F-H KL D HI K-M
Ts 34.33A| 3233 |25.67E|21.67 |15.67J|25.93A|34.33A|34AB 2800 | 25.00F- |18.67 3| 28.00A
AB FG EF H L
Ta 3433 A|26.33 | 17.0013| 1100 |5.67 18.87 C| 34.33 A| 28.67 21.001J | 15.67 1200N | 22.33 C
DE KL MN DE LM
Ts 3433 A|29.33 |20.33 |1533J|10.33 |21.93B|34.33A|30.67B |23.67 |21.67H | 1500 |25.07B
B-D G-l KL E HI J MN
Te 34.00A | 31.67 |25.33E|21.33 |16.00J | 25.67 A| 3400 |32.67 A |27.33 |24.00 18.67 3 | 27.33A
AB F-H AB C E-G GHI L
Means | 34.33 A| 28.86 B| 20.48 C| 15.05D| 9.71 E 34.33A|30.67B |23.62C|19.52D | 14.33 E

Means carrying the similar letters are statistically-sigmificant
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Table 4.58. Mean sum of square of effect of treatmentend MAS on citric acid of guava fruit

Source df MS (5 % CO2) MS (10% CO2)
Treatment 6 315.4%F 165.5%
Days 4 6903.22* 4673.93*
Treatmenix Days 24 37.87 17.78'S
Error 70 9.01 8.56
Total 104
NS = Non Significant (p>0.05), * = Significant (p<0.05), ** = Higtbygnificant (p<0.01)
Table 4.59. Effect of treatments and MAS oncitric acid of guava fruit
Treatm CO25% C0O210%
ent Storage Days Means Storage Days Means
0 6 12 18 24 0 6 12 18 24
To 37400 | 35600 | 341.67 | 328.67 | 318.67 | 343.80 | 37400 |360.67 |351.67 | 336.67 |328.67 | 350.33 E
A C-G H-J K-M N C A B-D E-H JM M
T1 374.67 | 359.67 | 351.33 | 332.33J| 322.33 | 347.93 | 374.67 | 362.67 |356.33 | 34100 |334.33 | 353.67
A B-E E-H -L MN B A BC C-F I-L K-M CD
T2 37600 |362.33 | 354.67 | 336.67J| 327.67 | 351.07 | 37600 |364.33 |358.67 | 343.67 | 337.33 | 355.60
A B-D C-G -L L-N B A BC B-E H-J JIM BC
Ts 37500 | 36600 | 359.67 | 34800 | 33800 |357.13 | 37500 |366.67 |361.33 | 353.67 |344.67 | 360.07
A AB B-E GH I-K A A AB B-D D-F G-J A
Ta 376.33 | 358.67 | 34900 | 330.33 | 32800 | 34800 |376.33 | 361.33 |352.67 | 341.33 | 332.67 | 352.40
A B-F F-H K-M L-N B A B-D D-G I-L LM DE
Ts 37500 |361.33 | 352.67 | 33400 | 332.67J| 350.93 | 37500 |362.67 |356.33 | 34400 |337.00 |354.80
A B-D D-G JL -L B A BC C-F G-J JIM CD
Te 373.67 | 364.33 | 35500 | 347.00 | 336.67J| 355.40 | 373.67 | 36600 |360.33 | 34800 |342.33 |358.13
A A-C C-G G-l -L A A AB B-E F-l I-K AB
Means | 374.95 | 361.19 | 352 C | 336.71 | 329.14 374.95 | 363.48 |356.76 | 344.05 | 336.71
A B D E A B C D E

Means carrying the similar letters are statistically-sigmificant
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Amongst treatments it was noticed that a systematic decreasecitrithacid content
was recordedvhichranged from 3740 at 0 day to 360.685167 and 33667 at 6™ 12" and
18" day to the lowest 38.67.33 at 24 days for T, respectively Likewise, the minimum
decrease for citrus acid content was observed for treatmemighTvariations in the values
for the trait were 33.00and 344.67 at 0 day to at'2day, respectively.
4.29.Ascorbic Acid (mg/100g)

It is evident from mean squareegarding acorbic acid content of treated guava that
significant variations were recorded for théeef of treatments and storagkhe interaction
of daysandtreatment was also found significant for this tesstdepicted i able4.60.

From meansdepicted in Table 4.61 pertaining to storage conducted at 5%
concentration of Cg) it is deduced that thescorbicacid content in the treated guava sample
in To, T2, T4, Ts, Tz and Ts were 141.67, 148.7344.6Q 147.80, 155.07 and 152.87,
respectivelyHowever, the recorded valueasobserved in Tas 45.67.

Over the storage, it can be found that a gradual decrease asdbebicacid content
was noticed that ranged from3.80at initiation decreased to 162.52, 146.38 and 134.10 at
6, 12" and 18" days, respectively. However the recorded values for the parameter were
119.29 at the termination of 24 days study.

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady decrease ascorbicacid content during the cae of storage. The maximum decrease
in theascorbicacid content was noted for Which varied from 14.00, 160.33and 140.64at
0 to 6" and 12" day, respectively. Moreover, with further developments in storage, recorded
values for the trait were 129.63nd 114.33at I8 and 24" day, respectively. The least
decrease irascorbicacid content was noticed forzTwhich varied from 17.33 167.33,
155.00, 145.33and 129.67 at initiation to termination, respectively.

Likewise, for 10% concentration kept triais deduced that thascorbicacid content
in the treated guava samplean To, T1 and T> were recorded 147.67, 151.00 and 154.40.
While in T3, T4 and Ts the observed values were 157.20,1 49.53 and 1582pectively.
However, the lowest recordadlues were observed ins Bs B55.67 as depicted inmable
461

Over the storage, it can be found that a gradual decrease asdbsbicacid content
was noticed that ranged from@%0 at initiation decreased to 2®0, 153.29 and 137.62 at
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6, 12" and 18" days, respectively. However the recorded values for the parameter were
128.52 at the termination of 24 days study.

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady decrease ascorbicacid content during the course of storage. The maximum decrease
in theascorbicacid content was noted for Which varied from 14.00, 164.33and 148.00 at
0 to 6" and 12" day, respectively. Moreover, with further developments in storage, recorded
values for the trait were 1333 and 12.00at 18" and 24" day, respectively. The decrease in
ascorbicacid content was noticed fors Which varied from 17.33, 169.33, 159.67, 143.67
and 135.33&t initiation to termination, respectively.
4.30.Malic Acid (mg/100g)

It is evident from mean squares regarding Malic acid content of treated guava that
significant variations were recorded for the effect of treatments, storage and carbon dioxide.
The interaction of dayandtreatment was also found significawr fthis traitas depicted in
Table4.62

From meansdepicted in Table 4.63 pertaining to storage conducted at 5%
concentration of Cg) it is deduced that the content in the treated guava sample was recorded
in T4 125.47.In Ty, Ts and Ts the observedvalues were 122.73,2B.00 and 120.13,
respectivelyHowever, theobservedralues werdlo, T1 and Tz as128.73, 125.67 and 119.00,
respectively

Over the storage, it can be found that a gradual increase matliheacid content was
noticed that ranged dm 1(.90 at initiation increased to 114.24, 129.10 and 131.14"at 6
12" and 18 days, respectively. However the recorded values for the parameter were 137.19
at the termination of 24 days study.

Amongst treatments, a similar behavior was shown bthalltreatments indicating a
steady increase imalicacid content during the course of storage. The maximum increase in
the malicacid content was noted fop Which varied from 10800, 120.67and 135at O to &
and 12" day, respectively. Moreover, with further developments in storage, recorded values
for the trait were 138.3and 143.67at 18" and 24" day, respectively. The least increase in
malic acid content was noticed for; Which varied from 1063 to 13100 at initiation to
termination, respectivel\Likewise, for 10% concentration, it is deduced that the malic acid

content in théreated guava sample was 121.13 inWhile the observed valu@s To,

110



Table 4.60. Mean sum of square of effect of treatmenteand MAS on ascorbic acid of guava fruit

Source df MS (5 % CO2) MS (10% COy)
Treatment 6 328.2 176.09
Days 4 11189.8* 8540.26*
Treatmentx Days 24 27.4 15.7F
Error 70 5.6 5.22
Total 104
* = Significant (p<0.05), ** = Highly Significant (p<0.01)
Table 4.61. Effect of treatments and MAS on ascorbic acid content of guava fruit
Treatm CO25% C0O210%
ent Storage Days Means Storage Days Means
0 6 12 18 24 0 6 12 18 24
To 178A | 15700 | 137.67 | 124.00 | 111.67 | 141.67 | 17800 | 162.33 | 145.67 | 131.67 | 120.67 | 147.67
C-E I-K MN P E A B-E G-l M-O Q E
T1 176.33 | 160.67 | 143.67 | 131.00 | 115.00 | 145.67 | 176.33 | 164.33 | 150.33 | 135.67 | 126.67 | 15100
A B-E HI K-M OP CD A B-D FG K-N 0-Q CD
T2 17500 | 162.33 | 148.00 | 134.67 | 120.67 | 148.73 | 17500 | 166.33 | 156.33 | 139.67 | 131.67 | 154.40
A B-D F-H JL NO B A BC EF I-L M-O B
T3 177.33 | 167.33 | 155.00 | 145.33 | 129.67 | 155.07 | 177.33 | 169.33 | 159.67 | 143.67 | 135.33 | 157.20
A B D-F HI LM A A B C-E G-J K-N A
Ta 17400 | 160.33 | 140.67 | 129.67 | 114.33 | 144.60 | 17400 | 164.33 | 148.00 | 133.33 | 124.00 | 149.53
A B-E H-J LM OP D A B-D GH L-O PQ DE
Ts 17700 | 163.33 | 146.00 | 133.67 | 118.00 | 147.80 | 177.00 | 16600 | 155.67 | 138.00 | 128.33 | 153.20
A BC GH JL N-P BC A BC EF JM N-P BC
Te 173.67 | 166.67 | 153.67 | 140.33 | 125.67 | 152.87 | 173.67 | 168.67 | 157.33 | 141.33 | 133.00 | 155.67
A B E-G H-J MN A A B D-F H-K L-O AB
Means | 175.90 | 162.52 | 146.38 | 134.10 | 119.29 175.90 | 165.90 | 153.29 | 137.62 | 128.52
A B C D E A B C D E

Means carrying the similar letters are statistically-sigmificant
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Table 4.62. Mean sum of square of effect of treatmentend MAS on malic acid of guava fruit

Source df MS (5 % COy) MS (10% COy)
Treatment 6 170.9F% 164.48
Days 4 3513.18* 2209.56*
Treatmentx Days 24 12.55* 12.16*
Error 70 2.35 2.55
Total 104
* = Significant (p<0.05), ** = Highly Significant (p<0.01)
Table 4.63. Effect of treatments and MAS on malic acid content of guava fruit
Treat CO25% C0O210%
ment Storage Days Means Storage Days Means
0 6 12 18 24 0 6 12 18 24
To 10600 | 120.67 | 13500 | 138.33 | 143.67 | 128.73 | 10600 | 116.33 | 125.33 | 132.67 | 136.33 | 123.33
P KL C-E B-D A A P JM E-G A-C A A
T1 104.33 | 116.67 | 131.67 | 133.67 | 140.33 | 125.67 | 104.33 | 113.33 | 121.33 | 127.67 | 133.33 | 120.33
P LM E-G D-F AB B P L-N G-J C-F AB B
T2 108.67 | 112.67 | 128 G | 129.33 | 137.67 | 122.73 | 108.67 | 110.67 | 11800 | 123.67 | 130.33 | 117.73
P M-O J F-l B-D C P N-P I-L F-H B-E C
Ts 106.33 | 109.67 | 123.67 | 124.67 | 131.00 | 11900 | 106.33 | 107.33 | 111.33 | 119.33 | 12600 | 114.00
P OP JK I-K E-H D P OP M-O H-J E-G D
Ta 106.33 | 115.33 | 13200 | 134.67 | 139.33 | 125.47 | 106.33 | 11400 | 121.67 | 129.67 | 134.33 | 121.13
P MN E-G C-E A-C B P K-N G-l B-E AB B
Ts 103.67 | 113.33 | 12800 | 130.67 | 137.00 | 123 C | 103.67 | 110.33 | 118.67 | 125.67 | 131.33 | 118.40
P M-O G-J E-H B-D P N-P H-K E-G A-D C
Te 10600 | 111.33 | 125.33 | 126.67 | 131.33 | 120.13 | 10600 | 107.67 | 118.67 | 122.33 | 126.33 | 115.13
P NO I-K H-J E-H D P OP H-K G-l D-G D
Means | 105.9 | 114.24 | 129.10 | 131.14 | 137.19 1059 |111.38 | 118.52|125.86 | 131.14
E D C B A E D C B A

Means carrying the similar letters are statistically-sigmificant
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Ts and Tswere 117.73, 118.40 aridl5.13.However, the recorded values were observed in
To, Tiand s as 21.33, 120.33 and 114.@3 depicted ifTable4.63.

Over the storage, it can be found that a gradual increase in the malic acid content was
noticed that rangettom 106.90 at initiation increased to 111.38, 118.52 and 125.86"at 6
12" and 18 days, respectively. However the recorded values for the parameter were 131.14
at the termination of 24 days study.

Amongst treatments, a similar behavior was shownlbtha treatments indicating a
steady increase imalicacid content during the course of storage. The maximum increase in
themalic acid content was noted fop Which varied from 1080, 116.33and 125.33t O to
6" and 12" day, respectively. Moreover, with further developments in storage, recorded
values for the trait were 132.68nd 136.33at 18" and 24" day, respectively. The least
increase inmalic acid content was noticed forz Which varied from 10683 to 12600 at
initiation to termination, respectively.
4.31.Tartaric Acid (mg/1009)

It is evident from mean squares regardiagaricacid content of treated guava that
significant variations were recordidor the effect of treatments amstbrage. The imtraction
of daysandtreatment was also found significant for this tesstdepicted i able4.64.

From meansdepicted in Table 4.65 pertaining to storage conducted at 5%
concentration of Cg) it is deduced that the maximutartaric acid content in the treated
guava sample waB.831 and 0.82%n T4 and Ts. In To, T2, T3 and Te the observed values
were 0.838, 0.823 and 0.819, respectivelgwever, thevalueobserved in Twas 0830.

Over the storage, it can be found that a graduakase in théartaricacid content
was noticed that ranged from 0678t initiation increased to 0.812, 0.833 and 0.840"at 6
12" and 18 days, respectively. However the recorded values for the parameter were 0.860 at
the termination of 24 days study.

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady increase in Tartaric acid content during the course of storage. The maximum increase
in thetartaricacid content was noted fdip which varied from0.787, 0.82@nd 0.847 at O to
6" and 12" day, respectively. Moreover, with further developments in storage, recorded

values for the trait were 0.8%thd 0.875at 18" and 24" day, respectively. The least increase
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in tartaricacid content was noticed for; Which varied from 0.78 to 0.848at initiation to
termination, respectively.

Likewise, for 10% concentration, it is deduced that tdm¢aric acid content in the
treated guava sample w824 and 0.81Th T4 and Ts. In To, T2, T3 and Ts the observed
values were 0.829, 0.818, 0.811 and 0.812, respectidelyever, the recorded values were
observed in Tas0.825as depicted iTable4.65

Over the storage, it can be found that a gradual increase tartagcacid content
was noticedhat ranged from 0.7Bat initiation increased to 0.807, 0.823 and Q.88 6",

12" and 18" days, respectively. However the recorded values for the parameter were 0.848 at
the termination of 24 days study.

Amongst treatments, a similar behavior was ghdny all the treatments indicating a
steady increase itartaricacid content during the course of storage. The maximum increase
in thetartaricacid content was noted fdip which varied from0.787, 0.817&nd 0.83 at O to
6" and 12" day, respectively. Moreover, with further developments in storage, recorded
values for the trait were 0.84and 0.861at 18and 24" day, respectively. The least increase
in tartaricacid content was noticed fors &nd Ts as these varied from 0.380 0837 and
0.788 to 0.834t initiation to termination, respectivel
4.32. Respiration rate of Guava Fruit mLCO2Kg*hr-1)

It is evident from mean squares regarding respiration rate of treated guava that
significant variations were recorded for the effectrehtments, storage and carbon dioxide.
Moreover, their interaction was also found to be signifieantlepicted iT able4.66.

From meanslepicted inTable4.67 related to storage conducted at 5% concentration
of COy, it is deduced that the value for pastion rate in the treated guava sample was
recorded in § as 27.47 followed by 26.93 and 26.53 ipahd T, respectively. However, the
lowest recorded values were observed ina$ 22.0. Likewise, for treatments land Tz
observed values for the travere 24.27 and 22.07, correspondingly.

Over the storage, it can be found that a gradual increase in the value for respiration
rate wanoticed that ranged from 1@t initiation progressed to 16.86, 26.81 Hiadd 12
days, respectively. However thecorded values for the parameter were 36.91 at the

termination of 24 days study.
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Table 4.64. Mean sum of square of effect of treatmentend MAS on tartaric acid content of guava fruit

Source df MS (5 % COy) MS (10% COy)
Treatment 6 0.00084* 0.00067

Days 4 0.01645* 0.01159*
Treatmenix Days 24 0.00008 0.0000%'S
Error 70 0.00002 0.000@

Total 104

NS = Non Significant (p>0.05), * = Significant (p<0.05), ** = Highly Significant (p<0.01)

Table 4.65. Effect of treatments and MAS ontartaric acid of guava fruit

Treatm CO25% C0O210%
ent Storage Days Means Storage Days Means
0 6 12 18 24 0 6 12 18 24
To 0.787S]0.826 |0.847 |0.858 |0.875A|0.838A|0.787S|0.817}F |0.833 |0.846 0.861 A| 0.829 A
K-N D-F B-D K D-F BC
T1 0.785S|0.816 |0.838 |0.844 |0.864 |0.83B |0.785S|0.813 0.830 0.837 0.857 A| 0.825B
N-P F-J E-H AB KL D-G CD
T2 0.786 S| 0.806 |0.8283|0.835 |0.857 |0.823 |0.786 S| 0.806 0.822 |0.829D | 0.846 |0.818C
P-R M G-K B-D CD LM G-J G BC
Ts 0.783 S| 0.800R | 0.822 |0.828J|0.848 |0.817E|0.783 S| 0.795 0.812 |0.824F | 0.837 |0.811D
L-O M D-F NO KL I CD
Ta 0.788S/0.819 |0.840 |0.845 |0.866 |0.831B|0.788S|0.814J |0.829 |0.835 0.854 [0.824B
M-O E-l E-G AB L D-G DE AB
Ts 0.787S|/0.812 |0.833 |0.837 |0.859 |0.825C|0.787 S| 0.806 0.819 |0.828E | 0.846 |0.817C
0-Q H-L F-K BC LM H-K H BC
Te 0.788 S| 0.804 |0.824 |0.832}F | 0.8 0.819 |0.788 S| 0.800 0.813J|0.821 G | 0.837 |0.812D
QR L-N L C-E DE MN L K CD
Means | 0.786 E| 0.812 D| 0.833 C| 0.840B | 0.8&0 A 0.786 E| 0.807 D | 0.823C | 0.831 B | 0.848 A

Means carrying the similar letters are statistically-sigmificant
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Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady increase in respiration rate during the course of staragenaximum increase in the
respiration rate was noted fop Which varied from 9.67 to 20.67 and 33.33 at 0 toahd
12 day, respectively. Moreover, with further developments in storage, recorded values for
the trait were 39.67 and 30 at 18" and 21" day, respectively. Likewise, Foridnd T,
variations in the values differed from 10.33 and 29.67 to 10.33 ad 300 to 12" days,
respectively. Furthermore, the noted values ferafid T, were 38.67 and 39.67 at the
termination of 24 days study The least increase in the respiration rate were noticedsfor T
and Ts which varied from 9.67 to 35.67 and 10.33 to.@®at initiation to termination,
respectively.

Likewise, for 10% concentration kept trial it was revealed that the maximum value
for respiration rate of treated guava was observedoiasr27.53 followed by Jand T; as
26.73 and 26.53, respectively. Likewise, for dhd Ts recorded values for the parameter
were 23.87 and 2108 respectivelydepicted inTable4.67.

Moreover, during thestorage a steady increase in the values for respiration rate was
noticed that ranged from Xib at the initiation of the trial and progressed to 16.67 andd34.1
at 6" and 18 day of storage respectively. However, at the end of 24 days trial noted values
for the trait were 36.67 for guava kept at 10%@@ncentration.

Amongst treatments it was noticed that a systematic increase in the values for
respiration rate was recordadhich ranged from 9.67 at 0 day to .88 and 35.33 at 1®and
24" day for To, respectively. Likewise, for treatments @nd T, variations in the values for
the trait were 10.33 arntD.33at 0 day tB8.67and 3600 at 24" day, respectively. Similarly
the variations in the respiration rate for dnhd Ts were 10.33 to 390 and 1000to 37.33 at
mentioned intervals, respectively.
4.33.Ethylene Gas(uLKg “thr-D

It is clear from the mean squares of ethylene gas of treated guava that significant
variations were recorded for the effect of treatments, storage and carbon dioxide. Moreover,
their interaction was also found to be significastdepicted iTable4.68

From meanslepicted inTable4.69 related to storage conducted at 5% concentration

of COy, it is inferred that the maximum value for ethylene gas in the treated guava sample
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Table 4.66. Mean sum of square of effect of treatments&ind MAS on respiration rate of guava fruit

Source df MS (5 % COy) MS (10% COy)
Treatment 6 67.75* 76.30
Days 4 2721.90* 2699.24*
Treatmentx Days 24 14.14& 13.06
Error 70 1.13 1.26
Total 104
* = Significant (p<0.05), ** = Highly Significant (p<0.01)
Table. 4.67. Effect of treatments and MAS on respiration rate of guava fruit
Treatm CO25% C0O210%
ent Storage Days Means Storage Days Means
0 6 12 18 24 0 6 12 18 24
To 9.67 O | 20.67 |33.33 |39.67 |3400 |27.47 |9.670 |19.67J |33.00 |4000A |3533 |27.53A
KL D-F A DE A EF C-E
T1 10.33 | 18.33 |29.67 |35.67 |38.67 |26.53 |10.33 |1800J |30.00F | 35.67B |38.67 |26.53A
O LM GH B-E AB A NO L E A-C
T2 10.00 |16.33 |25.33 |3300 |36.67 |24.27 |1000 |16.00 24.67 | 32.67 36.00 |23.87B
O MN 1J E-G A-D B O K-M HI EF B-E
Ts 9.67 0 | 1400 |20.67 |30.33 |35.67 |22.07 |9.670 |14.67 20.67 J| 29.67 3433 |21.80C
N KL FG B-E C LM FG DE
Ta 10.33 | 1900 |3000 |35.67 |39.67 |26.93 |10.33 | 18.67 30.00F | 35.67 B | 39.00 |26.73A
O K-M FG B-E A A NO JK E AB
Ts 10.00 |15.67 |26.33 |34.33 |37.67 |24.80 |1000 |16.00 26.33 | 3500 37.33 | 24.93B
O MN HI C-E A-C B O K-M GH DE A-D
Te 10.33 | 1400 |22.33 |30.33 |36.00 |22.60 |10.33 |13.67 21.33 | 30.00F |36.00 |22.27C
O N JK FG B-E C NO MN 1J B-E
Means | 10.05 |16.86 |26.81 |34.14 | 36.91 10.05 |16.67D |26.57 |34.10B | 36.67
E D C B A E 1C A

Means carrying the similar letters are statistically-sigmificant
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Table 4.68. Mean sum of square of effect of treatmentand MAS on production of ethylene gasn guava fruit

Source df MS (5 % CO2) MS (10% CO2)
Treatment 6 7.93* 9.04*
Days 4 1625.87* 1584.36*
Treatmenix Days 24 24.09* 23.5*
Error 70 1.25 0.86
Total 104
* = Significant (p<0.05)** = Highly Significant (p<0.01)
Table 4.69. Effect of treatments and MAS on production of ethylene gasn guava fruit
Treatm CO25% C0O210%
ent Storage Days Means Storage Days Means
0 6 12 18 24 0 6 12 18 24
To 233P | 11.67}F|20.67 |23BD |[16.33 |148A |233T |[867N |16.33}|26.67A |16.67 |14.13A
K DE GH P K H-K
T1 2.67 933K | 17FH |27 A 20DF [152A [267T |70R 13.67 |23.33B |19.67 |13.27
OP M KL D F-H AB
T2 2.33P |8L-N 13.67 |25AC (2167 |14.13 |233T |533Q |11.33 |20.33D |23 CE |12.47
H-J CD AB T L-N G BC
Ts 3.33 6 M-O |11.333|20.67 |25.33 |13.33B|3.33ST|4.33R |8.67N |17.33G | 26.67 A| 12.07C
OP L DE AB T P J
Ta 3.33 9.33K- | 18EG | 26.67 A| 17.33 1487 |3ST 8 OQ 14333 |24 AC |20EG | 1387 A
OoP M E-G A L
Ts 3.33 7.67 15GI |2433 |20.67 |14.13 |3ST 6 P-S 121LM | 21.33CG | 21.33 |12.73
OoP MN A-C DE AB F C-F BC
Te 3.33 533N | 11.67}+|21.67 |2533 |[13.4B |3ST 533Q |9.67 M | 18 Gl 26.33 | 12.47
OP P K CD AB T @] AB BC
Means | 2.81E |8.19D | 15.33C|24.05A| 20.95B 281D |6.38C |12.29B|21.57A | 21.95A

Means carrying the similar letters are statistically-sigmificant
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was recorded in Tas 15.20 followed by 14.87 and 14.80 im @&nd To, respectively.
However, the lowest mean value was observed wmab 13.33. In the same way, for
treatments Tand Ts observed values were 14.13 and 13.40, correspondingly.

Over the storage, it can be found that a gradual increase in the value for ethylene gas
was noticed that ranged from 2.81 at initiation progresse#l19, 15.33, and 24.05 at'\6
12" and 18" days, respectively. However the recorded values for the parameter were 20.95 at
the termination of 24 days study.

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady mcrease in ethylene gas production during the course of storage. The maximum
increase in the ethylene gas production was noted farhich varied from 2.67 to 9.33,
17.00 and 27.00 at 0 to &, 12" and 18 day, respectively. Moreover, with further
devebpments in storage, recorded value for the trait waB(24t 24" day. Likewise, For §
and Tz, variations in the values differed from 2.33 @00 t020.67 and 1®0at 0 to 19
days, respectively. Furthermore, the noted values §@nd T» were 16.33 and 17.33 at the
termination of 24 days study. The least increase in the ethylene gas values were noticed
samefor Tzand Te which varied from 3.33 to 25.33 at initiation to termination, respectively.

Likewise, for 10% concentration keptdtiit was conceded that the maximum mean
value for ethylene gas production of treated guava was observedcs I4.13 followed by
Tsand Tp as 13.87 and 13.27, respectively. Likewise, fer Tz, Te and Tz recorded values
for the parameter were 12.73,.42, 12.47 and 12.07 respectively as depictelkinle4.69.

Moreover, during the storage a steady increase in the values for ethylene gas
production was noticed that ranged from 2.81 at the initiation of the trial and progressed to
6.38, 12.29 and 21.53t 6", 12" and 18" day of storage respectively. However, at the end of
24 days trial noted values for the trait were 21.95 for guava kept at 13%db€entration.

Amongst treatments it was noticed that a systematic increase in the values for was
recordedwhich ranged from 2.33 at 0 day to 16.33 and 16.67 &tdid 24" day for T,
respectively.

Likewise, for treatments iTand T variations in the values for theatt were 2.67 and

2.33at 0 day tdl9.67and 2300at 24" day, respectively. Similarly the variations in the

119



ethylene gas values forsTand Ts were 3.00 to 20.00 and 3.00 to 21.33 at mentioned
intervals, respectively.
4.34.Sensory Evaluationof Guava Fruit

Most important factors influencing the acceptability of product are its organoleptic
properties. Product having good color, flavor, taste, Texture and orediptabilityis
accepted for consumption. Product quality depends upon itsrgestgracteristics then price
is second factor influencing the acceptability of product.
4.34.1Color:

It is obvious from mean squares regarding color of treated guava that significant
variations were recorded for the effect of treatments, storage anshaodidxide. Moreover,
their interaction was also found to be momentous as depicted in Table 4.70.

From means depicted in Fig. 8 pertaining to storage conducted at 5% concentration of
COy, it is deduced that the maximum value for color in the treated gsawgle was
recorded in F as 5.73 followed by 5.40 and 5.20 ia dnd T, respectively. However, the
lowest recorded values were observed yna$ 4.93. Likewise, for treatments &and Ts
observed value for the trait were 5.46 and 5.00, correspondingly.

Over the storage, it can be found that a gradual increase in the value for color was
noticed that ranged from 3.52 at initiation which progressed to 6.09, 7.93at6L2" days,
respectively. However the recorded values for the parameter were reduced to 5.76 4t the 18
days of study and at #4lay it reduced to 3.57.

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady increase in aol value during the course of storage. The increase in the color value
noted for T varied from 3.33 to 6.66 and 6.66 at 0 tH &nd 12" day, respectively.
Moreover, with further developments in storage, recorded values for the trait were 5.33 at
18" day and after word it reduced to 2.66 at™day, respectively. Likewise, Fornand T,
variations in the values differed from 3.66 to 7.00 and 4.00 to 6.66 at OMtaldy,
respectively. Furthermore, the noted values for the parameter were decre&sg8 &md
2.66 at the termination of 24 days study. The change in the color values were noticed for T
and Ts which varied from 3.66 and 3.66 at initiation which increased to 8.00 and 7.6% at 12
day which afterward decreased to 4.67 and 4.33 at the@4of storage, respectively.
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Likewise, for 10% concentration kept trial it was revealed that the maximum value
for color of treated guava was observed §a% 6.06 followed by FJand T; as 6.00 and 5.93,
respectively. Likewise, for gJand T; recorded vales for the parameter were 5.13 and 5.73,
respectively.

Moreover, during the storage a steady increase in the values for color score was
noticed that ranged from 3.47 at the initiation of the trial and progressed to 6.19 and 7.42 at
6" and 12" day of sbrage respectively. However, at the end of 24 days trial noted values for
the trait were 4.48 for guava kept at 10%@0ncentration.

Amongst treatments it was noticed that a systematic increase in the score for color was
recorded which ranged from 3.38&day to 6.33 and 6.33 at1and 18" day for To, which

further decrease to 3.66 at'2day of storage respectively. Likewise, for treatmentsiid

T, variations in the values for the trait were 3.66 and 3.33 at 0 day to 7.33 and 8.00 at 12
day, wtich afterward reduced to 4.33 and 4.66 df 8dy of storage, respectively. Similarly

the variations in the color values fog and Ts were 3.00 to 7.33 and 4.00 to 7.33 from O day

to 12" day which thereafter reduced to 3.67 and 4.67 Atd24 of storage, respectively.

4.34.2 Flavor:

It is obvious from mean squares regarding flavor of treated guava that significant
variations were recorded for the effect of treatments, storage and carbon dioxide. Moreover,
their interaction was also found be momentous as depicted in Table 4.71.

From means depicted in Fig. 9 pertaining to storage conducted at 5% concentration of
COy, it is deduced that the maximum value for flavor in the treated guava sample was
recorded in § as 5.13 followed by 4.80 antl60 in Tz and Ts, respectively. However, the
lowest recorded values were observed ta$ 3.73. Likewise, for treatments @nd T
observed value for the trait were 4.26 and 4.80, correspondingly.

Over the storage, it can be found that a gradual iseréathe value for flavor was
noticed that ranged from 3.00 at initiation which progressed to 6.33, 5.87atl6L2" days,
respectively. However the recorded values for the parameter were reduced to 4.52 4t the 18
days of study and at 24ay it reduced to 3.00.
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Table 4.70. Mean sum of square of effect of treatmentend MAS on color of guava fruit

Source df MS (5 % CO2) MS (10% CO2)
Treatment 6 1.419G 2.165F%

Days 4 56.3095* 56.1286™
Treatmenix Days 24 0.8873* 0.9508*

Error 70 0.3143 0.3048

Total 104

* = Significant (p<0.05), ** = Highly Significant (p<0.01)

Table 4.71.Mean sum of square of effect of treatmentand MAS onflavor of guava fruit

Source df MS (5 % CO2) MS (10% COz2)
Treatment 6 3.549Z 1.8413

Days 4 47.2952* 50.3667*
Treatmentx Days 24 1.1563 1.0833

Error 70 0.2857 0.3619

Total 104

* = Significant (p<0.05), ** = Highly Significant (p<0.01)
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Fig. 8. Effect of treatments on color of guava fruitduring storage
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Fig. 9. Effect of treatments on flavor of guava fruit during storage
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Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady increase in flavor value during the course of storageintrease in the flavor value
noted for T varied from 2.66 to 6.33 and 4.66 at O t§ &1d 12" day, respectively.
Moreover, with further developments in storage, recorded values for the trait were 3.33 at
18" day and after word it reduced to 1.66 at"2iy, respectively. Likewise, Fornand T,
variations in the values differed from 2.66 to 5.33 and 3.00 to 5.00 at O™Mtaldy,
respectively. Furthermore, the noted values for the parameter were decreased to 2.33 and
2.33 at the termination of 24 dagtudy. The change in the flavor values were noticedfor T
and T which varied from 2.33 and 3.66 at initiation which increased to 6.66 and 6.3% at 12
day which afterward decreased to 3.66 and 4.66 at the@gof storage, respectively.

Likewise, for 10% concentration kept trial it was revealed that the maximum value
for flavor of treated guava was observed icab 5.26 followed by Fand T, as 5.13 and
5.20, respectively. Likewise, foroTand T, recorded values for the parameter were 4.53 and
4.87, respectively.

Moreover, during the storage a steady increase in the values for flavor score was
noticed that ranged from 3.04 at the initiation of the trial and progressed to 6.62 and 6.14 at
6" and 12" day of storage respectively. However, at thd eh24 days trial noted values for
the trait were 3.61 for guava kept at 10%@0ncentration.

Amongst treatments it was noticed that a systematic increase in the score for flavor was
recorded which ranged from 3.33 at 0 day to 6.66 and 5.66 and ™" day for To, which

further decrease to 2.66 at'2day of storage respectively. Likewise, for treatmentsiid

T, variations in the values for the trait were 3.33 and 2.66 at 0 day to 5.66 and 6.33 at 12
day, which afterward reduced to 3.33 and 336@4" day of storage, respectively. Similarly

the variations in the flavor values fog @nd Ts were 2.66 to 5.33 and 3.33 to 6.00 from O day

to 12" day which thereafter reduced to 3.00 and 3.67 &il24 of storage, respectively.

4.34.3. Texture:

It is obvious from mean squares regarding texture of treated guava that significant
variations were recorded for the effect of treatments, storage and carbon dioxide. Moreover,
their interaction was also found to be momentous as depicted in Table 4.72.

Frommeans depicted in Fig. 10 pertaining to storage conducted at 5% concentration

of COy, it is deduced that the maximum value for texture in the treated guava sample was
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recorded in § as 4.73 followed by 4.73 and 4.53 ip dnd Ts, respectively. However, ¢h
lowest recorded values were observed ga$ 4.00. Likewise, for treatments &nd T
observed value for the trait were 4.40 and 4.53, correspondingly.

Over the storage, it can be found that a gradual increase in the value for texture was
noticed thatanged from 3.00 at initiation which progressed to 6.28, 6.38 ah@ 12" days,
respectively. However the recorded values for the parameter were reduced to 3.47 4t the 18
days of study and at #4lay it reduced to 2.90.

Amongst treatments, a simildehavior was shown by all the treatments indicating a
steady increase in texture value during the course of storage. The increase in the texture value
noted for T varied from 3.33 to 6.66 and 5.66 at O t§ &1d 12" day, respectively.
Moreover, with futher developments in storage, recorded values for the trait were 2.66 at
18" day and after word it reduced to 1.66 at"2iy, respectively. Likewise, Fornand T,
variations in the values differed from 3.00 to 6.33 and 2.66 to 5.33 at O'ftaldy,
respectively. Furthermore, the noted values for the parameter were decreased to 2.66 and
2.33 at the termination of 24 days study. The change in the texture values were noticed for T
and Ts which varied from 3.00 and 3.00 at initiation which increasef.38 and 7.00 at 12
day which afterward decreased to 3.66 and 3.66 at the@gof storage, respectively.

Likewise, for 10% concentration kept trial it was revealed that the maximum value
for texture of treated guava was observed ¢ra3 5.53 folloved by T and T, as 5.26 and
5.46, respectively. Likewise, forgland T; recorded values for the parameter were 4.53 and
5.20, respectively.

Moreover, during the storage a steady increase in the values for texture score was
noticed that ranged from 3.19 thte initiation of the trial and progressed to 6.95 and 6.95 at
6" and 12" day of storage respectively. However, at the end of 24 days trial noted values for
the trait were 3.90 for guava kept at 10%@0ncentration.

Amongst treatments it was noticdtht a systematic increase in the score for texture
was recorded which ranged from 3.33 at 0 day to 7.00 and 6.0Datd612" day for To,
which further decrease to 2.66 athy of storage respectively. Likewise, for treatments T
and T variations n the values for the trait were 3.33 and 3.33 at O day to 7.33 and 7.66 at
12" day, which afterward reduced to 3.66 and 4.33 &t @4y of storage, respectively.
Similarly the variations in the texture values farahd Ts were 2.66 to 6.33 and 3.33 t36
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from O day to 12 day which thereafter reduced to 3.33 and 4.00 & @y of storage,
respectively.
4.34.5.Taste

It is obvious from mean squares regarding taste of treated guava that significant
variations were recorded for the effecttafatments, storage and carbon dioxide. Moreover,
their interaction was also found to be momentous as depicted in Table 4.73.

From means depicted in Fig. 11 pertaining to storage conducted at 5% concentration
of CO,, it is deduced that the maximum value faste in the treated guava sample was
recorded in § as 6.00 followed by 6.06 and 5.66 ig dnd Ts, respectively. However, the
lowest recorded values were observed na$ 4.93. Likewise, for treatments &and T
observed value for the trait were 5388d 5.93, correspondingly.

Over the storage, it can be found that a gradual increase in the value for taste was
noticed that ranged from 3.23 at initiation which progressed to 6.33, 7.47at6L2" days,
respectively. However the recorded valuestf@ parameter were reduced to 6.00 at tHé 18
days of study and at 24lay it reduced to 5.33.

Amongst treatments, a similar behavior was shown by all the treatments indicating a
steady increase in taste value during the course of storage. The increasetdste value
noted for T varied from 3.33 to 6.67 and 6.67 at 0 t8 &nd 12" day, respectively.
Moreover, with further developments in storage, recorded values for the trait were 4.66 at
18" day and after word it reduced to 3.33 at"2iay, respctively. Likewise, For Tand T,
variations in the values differed from 3.33 to 7.33 and 3.00 to 7.66 at O'taddy,
respectively. Furthermore, the noted values for the parameter were decreased to 5.33 and
4.33 at the termination of 24 days studyeTdhange in the taste values were noticed for T
and T which varied from 3.33 and 3.33 at initiation which increased to 8.00 and 7.68 at 12
day which afterward decreased to 6.67 and 6.33 at the@gof storage, respectively.

Likewise, for 10% conadration kept trial it was revealed that the maximum value
for taste of treated guava was observeddad6.00 followed by FJand T, as 6.06 and 5.93,
respectively. Likewise, for dand T; recorded values for the parameter were 4.93 and 5.73,

respectively.
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Table 4.72. Mean sum of square of effect of treatmentend MAS on texture of guava fruit

Source df MS (5 % CO2) MS (10% CO2)
Treatment 6 1.5873F 2.3873F

Days 4 65.7762* 65.3714*
Treatment Days 24 1.3373 1.1214

Error 70 0.4095 0.3238

Total 104

* = Significant (p<0.05), ** = Highly Significant (p<0.01)

Table. 4.73.Mean sum of square of effect of treatmenteind MAS ontaste of guava fruit

Source df MS (5 % COy) MS (10% CO2)
Treatment 6 3.5492 2.3873*

Days 4 49.7476* 51.6524*
Treatment XDays 24 1.7476 1.5579

Error 70 0.3619 0.3810

Total 104

* = Significant (p<0.05), ** = HighlySignificant (p<0.01)
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Fig. 10. Effect of treatments on texture of guava fruit during storage
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Fig. 11. Effect of treatments on taste of guava fruit during storage
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Moreover, during the storage a steady increase in the values forstaste was
noticed that ranged from 3.23 at the initiation of the trial and progressed to 6.33 and 7.47 at
6" and 12" day of storage respectively. However, at the end of 24 days trial noted values for
the trait were 5.33 for guava kept at 10%@0ncentation.

Amongst treatments it was noticed that a systematic increase in the score for taste was
recorded which ranged from 3.33 at 0 day to 6.67 and 6.67 and 12" day for To, which
further decrease to 3.33 at'2day of storage respectively. Likewise, for treatmentsiid
T, variations in the values for the trait were 3.33 and 3.00 at 0 day to 7.33 and 7.66 at 12
day, which afterward reduced to 5.33 and 6.00 8ty of storage, respectively. Similarly
the \ariations in the taste values fog @nd Ts were 3.00 to 7.66 and 3.33 to 7.33 from O day
to 12" day which thereafter reduced to 4.33 and 5.33 Ail24 of storage, respectively.
4.34.6.0verall Acceptability:

It is obvious from mean squares regardawgrall acceptability of treated guava that
significant variations were recorded for the effect of treatments, storage and carbon dioxide.
Moreover, their interaction was also found to be momentous as depicted in Table 4.74.

From means depicted in Fig. p2rtaining to storage conducted at 5% concentration
of CQOp, it is deduced that the maximum value for overall acceptability in the treated guava
sample was recorded ins Bs 5.06 followed by 4.66 and 4.66 in dnd Ts, respectively.
However, the lowest recded values were observed ip ds 3.80. Likewise, for treatments
T,and T,observed value for the trait were 4.13 and 4.53, correspondingly.

Over the storage, it can be found that a gradual increase in the value for overall
acceptability was noticed thesinged from 3.23 at initiation which progressed to 6.09, 5.66 at
6" and 12" days, respectively. However the recorded values for the parameter were reduced
to 4.28 at the 18days of study and at 4lay it reduced to 2.90.

Amongst treatments, a simillehavior was shown by all the treatments indicating a
steady increase in overall acceptability value during the course of storage. The increase in the
overall acceptability value noted fop Varied from 3.33 to 6.33 and 4.66 at 0 fbahd 12
day, respectively. Moreover, with further developments in storage, recorded values for the
trait were 3.00 at 18 day and after word it reduced to 1.66 at"2day, respectively.
Likewise, For T and T4 variations in the values differed from 2.66 to 5.33 ar@b to 4.66 at

0 to 12" days, respectively. Furthermore, the noted values for the parameter were decreased
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to 2.33 and 2.33 at the termination of 24 days study. The change in the overall acceptability
values were noticed forsTand Ts which varied from 30 and 3.33 at initiation which
increased to 7.00 and 6.66 atiday which afterward decreased to 3.33 and 4.33 at the 24
day of storage, respectively.

Likewise, for 10% concentration kept trial it was revealed that the maximum value
for overall accptability of treated guava was observed y&$§ 5.40 followed by FJand T; as
4.86 and 4.86, respectively. Likewise, fog dhd T: recorded values for the parameter were
4.26 and 4.60, respectively.

Moreover, during the storage a steady increase indhees for overall acceptability
score was noticed that ranged from 3.23 at the initiation of the trial and progressed to 6.14
and 6.19 at8and 12" day of storage respectively. However, at the end of 24 days trial noted
values for the trait were 3.61rfguava kept at 10% CG{zoncentration.

Amongst treatments it was noticed that a systematic increase in the score for overall
acceptability was recorded which ranged from 3.66 at 0 day to 6.67 and 583&at @2
day for To, which further decrease to38 at 24" day of storage respectively. Likewise, for
treatments Tand T variations in the values for the trait were 3.00 and 3.00 at O day to 6.00
and 6.33 at 12 day, which afterward reduced to 3.00 and 3.67 dt @dy of storage,
respectively. Sinlarly the variations in the taste values forand Ts were 3.66 to 5.00 and
3.00 to 6.00 from O day to ¥2day which thereafter reduced to 3.33 and 4.00 #td2y of

storage, respectively.
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Table 4.74. Mean sum of square of effect of treatments an1AS on overall acceptability of guava fruit

Source df MS (5 % CO2) MS (10% CO2)
Treatment 6 2.6635 1.8190*

Days 4 42.3667* 39.8190**
Treatment x Days 24 1.5722 1.8746*

Error 70 0.2952 0.3048

Total 104

* = Significant (p<0.05), ** = Highly Significant (p<0.01)
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Fig. 12. Effect of treatments on overall acceptability of guava fruit during storage
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DISCUSSION

Total soluble solids andsugars(glucose fructose and sucroseg

The study in hand showed that the total soluble sdll&S) and sugarglucose,
fructose and sucrosecontent present in guav@limacteric fruit) fruit increased during
storage. This increase in said parameters may be due to the conversion of starch molecules
into simple sugar molecules. The water loss from the fruits during storage may also be a
reasonfor this increaseThe mentioned traits werfeund to be increased during storage but
after reaching a climacteric peak they began to drop. The rate of change in said parameters in
present study also depended upon concentration of calsalt, the high the amount of
calcium chloride or alcium lactae the lower was the rate of change. The storage condition
had also significant effect on the rate of change in the mentionesg ttat samples kept
without CQ spoiled after 18 days of storage but the samples kept at 5 and 10%veD
had shelf life nore than 24 days. TSS of the fruiends to decreasster reaching a certain
value then begato decreaseThis may be due to the complete hydrolysis of starch and no
further conversion was fourahdafterward the decline occur which may be due to tlkeeadis
sugar in the respiration of the fruits and formation of some other organic acids. The delay in
the ripening of the fras in calcium treated fruits may laie to the formation ofalcium
pectate which decreases the respiration rate of the fruits ¢reageng the ethylene gas
production. Mahajart al (2011), reported a significant role of calcium chloride in assuring
consistent behavior in TSS glavafruit during storage. Furthermar&Vills et al (1982)
stated that the increase in TSS during gjeraay possibly be due to the hydrolysis of starch
into sugar.

Bashiret al (2003) observed that total soluble solids (TSS) and total sugars increased
in guava with decrease in flesh firmness. TSS increasetblt.2n guava during ripening.
Rodriguezet al. (1971) observed a gradual increase in TSS and totarsuyring guava
fruit ripening Increasan total sugars iriruits was observed after fruit firmness reached 1.21
kg/cn?, which coincided with the climacteric peak of respiration. The remarlkatiease in
total sugars observed after the climacteric peaky be attributed to the increase in activity
of enzymes responsible for starch hydrolysis and for decline in the rate of sugar breakdown

by respiration.
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The resultf present study are in clesigreemenyith Rodriguezet al (1971) who
found that the glucosand fructose conterdf fruits increased durinthe storage and with
progressiorof storaget decreased. The increase in reducing sugar with the progression in
storage time was due toeldegradation of starches to glucose and fructose by the activities
of amylase and maltase (Wilkt al, 1981). Tanderet al (1985) mentioned that fructose
content increased during ripening. Joshi and Roy (1988) also reported that percentage of
reducingsugars increased during storage up to 25 days of cold storage in fruits and after that
it declined sharply because of the onset of senescence.

Hakim et al (2012) stated that non reducing sugar conténbanana(climacteric
fruit) was found very lowinitially. Then these increased to a peak value after 5 days of
harvesting and then again dropped drastically. Mowlah and Itoo (1982) showed that glucose,
fructose and sucrose were the main sugars in the white andigshled guavas. The level of
fructose inceased during guava fruit ripening and then decreased in theripgefruits.
Rodriguezet al. (1971) found that the sucrose content of fruits first increased during storage
and after that it started to decreabftra (1997) found that during the ripenirgj guava
fruit, TSS and sugars increase in the skin and flesh.
pH and Acidity

The pH of the guava fruit in the present study escalated during the whole storage
period but the rate of change in the pH of fruits was found to be dependent upon the storage
condition and the amount a@llcium salt treatmentThe minimum change in the pias
observed in fruit samples that were storedriadified atmosphere having0% CQ and
chemically treated with 3%alcium chloride or calcium lactate. A comparable study on
guava was made by Mahajahal (2011) who described a linear increase in theoplftuit
at the cost of decline in acidity during storage and further found higher changes in control
treatments as compared to calcium chloride trefutets. The increase in pH was mainly due
to the reduction of acidity caused by the degradation adrocgacids to sugars. Medlicott
and Jeger (1987jlescribed thatn guava fruit thepH steadily enhanced during different
maturity phases while acidity enhanced in the green and intermediary stage of maturation and
decreased in the maturity stage. Incregssboth parameters showed formation of organic

acids during maturation. Increases in both parameters are linked with greater amounts of un
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dissociated organic acids, stored in the vacuole and fruits use these acids as respiratory
substrate.

The result ofour investigation regarding the acidity of fruit indicated that the acidity
of the guava fruit decreased during the storage period in all samples but the rate of change in
the acidity depended on the treatment received by the sample and the storagenconditi
Titratable acidity decreasestil theattainmentof its climacteric peak of respiration (Mitra,
1997).The maximum decrease in acidity was observed in control samples that were stored
without CQ. The acidity of fruits decrease with storage, this was due to the use acids a
substrate for respiration process. The decrease in titratable acids during ripening and storage
may be attributed to an increase in malic enzyme and pyruvate decarboxylatiomré&aot
fruits treated with calcium chloride maintained higher acidity during storage probably due to
delay in. ripening proces$he resits of our findings are in linavith the previous findings of
Yamdagniet al (1987). They found that titratable aityddecreased with ripening in the
cultivars of Sardar, Allahabad Safeda and Baranasi Surkha.eilagi(2011)found that the
acidity decreaseds the ripening of the guava fruit progressgdanget al (1971) found that
malic, citric, tartaric and glyaic acids contribute toward the total acidity of guava. The
titratable acidity increases up to the climacteric peak and then declines. The ascorbic acid
content are in maximum concentration when the fruit is mature green and then its
concentration tendetdrop rapidly as the fruit ripens (Bashiral, 2003).Theresultsof our
studyarein corroboration with the findirgof Mahmudet al. (2008), who reported that the
decrease in the acidity @aCb treatedfruit was minimum during storage probably due to
delay in ripening process. Mahajanhal.(2011) described the linear decline in acidity during
storage and further observed higher changes in control treatments as compared.to CacCl
treatedfruits. Titratable adlity decreased thrginout the storage period whiamay be due to
the metabolic activities of the living tissues (conversion of acids to sugars) during which
depletion of organic acids take place (Bal®97;Ramanal979)as a result of decrease in
aciditythe pH of the fruit increased
Weight Loss (% ) and Firmness (Kg Force)

The result of present study showed that weight loss percentage increased with the
storage perioavhile the rate of weight loss was found slow in first days of stordgaever

on later stages the weight loss increased at higher rate. The weight loss percerdbmenm
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chloride treated fruits was concentration depended phenomenon. Loss of weight is
detrimental in fruits because it lowers the overall acceptability of fruite dffiects of
dehydration are noticeable visualkhich change the skin appearance and also toughen the
skin of the fruits. Actually the loss of weight in fruits is dependent upon the storage
conditions and the length of storage period for which thesetareds Calcium application

on the fruits caused a positive effect on the membrane functionality and integrity
maintenance which decreased the ion leakage that is responsible for the weight loss in fruits
(Lester and Grusak, 1999).

Shaaban and Fatma (2Q0fiated that dipping guava fruits in calcium chloride {0.5
2.0%) reduced weight loss and respiration rate. These data can be explained by the fact that
CaCkt is hydroscopic (absorbs moisture), which is believed to be one of the reasons for its
effectivenes in controlling weight loss. Water vapour absorbed from the storage room helps
to provide a continuous solution of CaQin the surface of the fruit throughout storage
period.The present findings are in line with the earlier work of Maha&jaal, (2011) who
reported a considerable reduction in weight loss by the application of. @aCyuava.
Furthermorethey described that the loss of weight was mainly due to the transpiration and
respiration process and calcium have been effective to reduce iagéakich could be
responsible for the lower weight loss in plum (Lester and Grusak, 1988).was mainly
due to the binding of calcium to ploygalactonic acid and also aiding the cross linkages,
thereby making the middle lamella strong and rigid, whiclghtn have delayed the
senescence and rate of respiration and transpiratigumaivafruits.

Calcium application has been reported to be effective in terms of membrane
functionality and integrity maintenance with lower losses of phospholipids and probteins a
reduced ion leakage which could be responsible for the lower weight loss in plums (Mahajan
etal, 2011).

In an other studyAzzolin et al. (2004) described th#te weight loss percentage
increased during the storage, with the highest valietectedin control samplesThis
behavior was probably due to the disruption of tissues, leading to acceleration in the aging
process, represented in this case by the high susceptibility of tissues to moistuiidnéoss
low loss of weight were observed in fruitedted with CaCl to 1%.Botelhoet al.(2002), in

a similar study with white guava Kumagai, no significant differences between treatments for
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percentage of weight loss accumulated, however, tended to lower loss for the fruits treated
with CaCb.

Mitra, (1997) described that moisture losses in guava in hot clinmaagsresults in
35% weight lossin guava highest amount of vitamin C is present at the unripe green phase
andit reduces as the fruit ripenBhrubaet al (2006) reported that the cumulativesight
loss of tonato when treated with (0.25%0%) CaCl was significantly lower when
compared to the control. After 10 days of storage they found the cumulative weight loss in
1.00, 0.75, 0.50, 0.25% calcium treated fruitsswhk2.14, 12.80, 14.86 and 02%,
respectively as compared to 19.03% in controlled fruits.

Calcium infiltration treatments of papayalimactericfruit) at concentrations 2.5%
and 3.5% decreased the weight loss progressively compared to the other treatments (1.5, 2.5,
3.5% dips and 1.5% infiltration with calcium chloride). Whereas, 2.5% calcium infiltration
treatment showed higher ability in reducing weitpss significantly when compared to other
treatments. The decline in weight loss using calcium infiltrag®8.5% might be due to the
factthat higher concentration caused hydration more than that for 2.5%. It was also observed
that there was a diffenee between the weight loss of fruits dipped in 2.5% calcium and the
control in the beginning of storage, but the difference was slowly reduced during storage
(Mahmudet al, 2008).

In the present study firmness of the fruits showed a declining trendgdstonage.
The softening of fruits is due the hydrolysis of starch or tduhe breakdown of insoluble
protopectins. The fruits treated with 3% calcium chloride showed a higle@edifirmness
as compared to% CaCy treated fruits. The sustaining of frdirmness was due to the
binding ofcalciumwith free carboxyl group of polygalacturonate polymer, which strengthen
and stabilize the cell wall. Akhteet al (2010) showed that the firmness of loq@abr
climacteric fruit) fruits treated with 2% an®% CaC} wassignificantly higher than the
ones which wasuntreatedor treated with 1% Cagl Bashiret al (2003) found that the
firmness of guava fruit tend to decline progressively during ripening. The drop in firmness of
fruit was eightfold from the hard mature green stage to the final soft ripe sjadguring
maturation process structure of cellulose and hemicelluloses also change. Actions of the
softening enzymes like galactosidase, pectinesterase (PE) and cellulase enhances with

ripening proces (EFBuluk et al, 1995).The decrease in firmness of frmtay bedue to the
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softening of the untreated fruits resulting from the breakdown of pectin molecules by the
pectic enzymes.

Calcium is saido play a special role in maintaining cell wattucture in fruits and
other storage organs by interacting with peetd in the cell wall to forntalcium pectate
and also facilitating the crosmkage of pectic polymersThe desired effect of calcium on
maintaining fruit firmness may be due to tbalcium binding to free carboxyl groups of
polygalacturonate polymer, stabilizing and strengthening the cell wall The maintenance of
higher firmness as a result of calcium chloride may be due to their ability to prevent the
physiological weight loss duringtorage and to inhibit/delay ethylene production and/or

action in different fruits.

Natural process of ripening, cause loss of firmness in the fruits after harvesting. This
CaCkb has the role of linking the pectic cell wall components, mainly in the Imiddnella
(LunaGuzmanet al, 1999), favoring the maintenance of firmnddswever, the increase in
the concentration of Cagdlid not result in retention of firmness, confirming the hypothesis
Conwayet al. (1995), cited by Botelhet al (2002), whichsuggests that the cell walls have
limited binding sites, where higher concentrations of Ga&Clsolution result in their

saturation, causing injuries to the fruit, as well as phytotoxicity.

Akhtaret al (2010) showed that the firmness of loquat frtriésited with 2% and 3%
CaCb was significantly higher than untreated or treated with 1% £a@dnganariset al
(2007) found that the dip treatment with2.5mM CaCl increased the tissurmnessof
whole peachesManganariset al. (2005)described thatalcium treated canned pealalves
firmness increase84.2-44.7% as compared to th@on treated fruits. Kumaet al (2005)
treated different cultivars of canola fruit with 1% solution of Ga&d stored at ambient
temperature (18°C). They reported thaCaCh was more suitable for improving the fruit
texture. A calcium lactate dip applied at either 25 or 60°C resulted in significantly firmer
fruit samples during storage.
Total Phenolic content and Antioxidant Activity

The total phenolic content and antioxidant activity of present study decreased
throughout thestorage period but the rate of decline was dependent upon the amount of salt

received and the storage condition. Mowlah and Itoo (1%&2¢rmined thestability o
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polyphenol components white and pink guavaandfound that there were more polyphenol
components inunripe guava however wheguavas attained maturity their polyphenol
contents were decreased. Reducing levels of polyphenolic compduridg ripeningwere
also determined in banana (Ibrahehal, 1994) andnango (AbuGoukh and AbeSarra,
1993).

During ripening process from enpe to ripening stage, reduction in phenolic contents
of guava was observed. According to their observations this processentaye to increased
polyphenol oxidase actions in guava and due to the loss in astringencyeiRbp2011).
Reduction in astringency is related with increased polymerization of leucoanthocyanidins and
breakdown of astringent compounds. During ripenirggiql in high bush blueberries
phenomena of reducing of phenolic compounds has already reported &t &a{R003).

Higher concentrations of phenolic compounds are present at thpeustage and in
lesser amount present at the futhatured phaseDifferent factors affected on the
concentration of phenolic compounds in guava like ripening stage, cultivar, environmental
conditions, time of storage and harvesting conditions (Wang and Lin, 2000). Polyphonic
components mainly affected by environmentahditions or other factors. These conditions
may be agronomic and climatic. In agronomic conditions or facgyeenhouse, biological
culture, and fruit yield is involved. In case of climatic factors, different factors like rainfall,
type of soil, and expsure to sun is involved. Concentration of polyphenols in fruits also
influenced by the degree of maturity as reported by Konda&bah (2009).

Phenolic compounds in pulp and peel of both guava types progressively decreased
with decrease in flesh firmss. The decrease in astringency in guava ripening was associated
with the increased polymerization of leucoanthocyanidins and hydrolysis of the astringent
arabinose ester of hexahydrodiphenic acihd the increased polymerization of
leucoanthocyanidins arelated with decrease in astringency in guava ripening

The result of present stuatggarding antioxidant activitgre in close agreement with
the findingsof Orumaet al (2008) whofound that the antioxidant activity afuava fruit
decreased duringtorage The result of present investigation aakso in lined with the
previous findings of Kulkarni and rAdhya (2005) who reported thamtioxidant activity of
pomegranate aril§Non-climacteric fruit) decreasedy 13% from 20 to 60 days of fruit

develpment. The decline in scavenging property might be due to the decrease in the
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phenolic contents, rapid costenamiphgescsasarestiit ant h

of fruit developmentDPPH scavenging activity of guava extract was found at different
maturity stages. It was found that at-upe stage guava showed maximum DPPH
scavenging capacity (4@5%), while the minimum value (38%) was observed at the-fully
matured phase. Linet al (2006) found that more DPPH activity at the green phase of
develpment of fruit may be associated to its greater levels of total phenolic contents. Free
radicals play main functions in different types of permanent diseases such as heart diseases
and cancer (Valket al, 2004; Nakabeppet al, 2006).

Organic Acids (Asorbic acid, Citric acid, Malic acid and Tartaric acid)

The result of our study indicated that the citric acid and ascorbic acid content
decreased while the malic acid and tartaric acid content increased during storage period but
the rate of change depended on storage condition and chemical treatment. Tleamigan
presents in fruits influenced the flavor. Passtnal (2011) found that the concentration of
organic acid affect the perceived sweetness of the fruit. In guaiacitric acid was found
in high amount followed by ascorbic acid, malic acid aadaric acid respectively. The
citric acid content of guava fruit decreased as the fruit become matured and ripened. The
results in our studyarein line with the findings of Lareet al (2013) who determined the
changes in the citric acid concentrationlowbush blueberryclimacteric fruit)during fruit
ripening.Theyobserved that citric acid increased in fruit as they became red from green, and
the contents of acid decreased as fruit ematured. The results of present study are in close
collaboraion with Randhawaet al (2014) who found that the citric acid content of citrus
juice (nonclimacteric fruit)decreased during storage with the progression in storage period.

Wu et al (2005) determined the changes in citric acid and malic acid contpaaah
(climactericfruit) fruit during different stages ofuit development. They determined the rate
of change in the concentration of citric acid and malic acid during different stages of fruit
development. They found thatitric acid ontent in peachfruit increasedduring fruit
developmenstageand afterwardthe citric acidcontent began to drop when fruit started to
ripe and increase in the sweetnashjle the malic acid conterwere low and decreasel
peachduring fruit development stageowever withprogression in maturation the malic acid

content increased.
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Laraet al (2013) found the change in malic acid and tartaric acid contents in lowbush
blueberry(climacteric fruit) during fruit ripening and they found an increasemalic and
tartaric acid contents as the fruit became enjee. The results of present study are in close
collaboration with Randhawat al. (2014) who found that the malic acid and tartaric acid
content of citrus juice increased during storage with the progresssborage period.

In guava fruits the ascorbic acid content decreased during storage period. During
storage, enzymes like peroxidase, catalase, polyphenol oxidase and ascorbic acid oxidase
reduceascorbic acid content of guava fruits (Sirgghal. 2005). Thecurrent findingsarealso
in line with previous work of Mahajaat al, (2011) who reported that ascorbic acid contents
varied significantly with storage and further illustrated that higher contents of trait was found
in treatments withcalcium applicatin. A slow and steadier loss of ascorbic acid contents
was noticed by Laufmann and Sams (QP&nd they found thatcalcium treated fruis
retained higher ascorbic aad compared to control.

Bashiret al (2003 found a steady decrease in ascorbic acid content in pulp and peel
of guava during fruit ripening. At the final stage the amount of ascorbic acid retained was
86.3% in the pulp and 85.6% in the peel of guava fruit. The ascorbic acid content in guava
fruit reaches a maximum level at the mature green stage and started to decline rapidly as the
fruit ripens.

Soareset al. (2007) conducted study on increasing style in amount of ascorbic acid
during maturation. It was seen in their research that concentrat@scofbic acid in green
stage fruit was75mg per 100 g of sample. After that quantity of ascorbic acid increased from
126 to 170 mg/100g at mature and fully ripe stage of sample. This increase in ascorbic acid
guantity in fruit may be due to degradationstdrch or carbohydrate to glucose that enhances
the synthesis of vitamin C. Lirat al. (2006) reported increased quantity of ascorbic acid
from 30mg to 145mg/100g in mature fruit. Gomez and Lajolo (2008) found 55% increase in
vitamin C concentration in gwa at maturity stage, but in mango fruit 35% concentration of
ascorbic acid reduced during ripening period.

Ascorbic acid is an important nutrient quality parameter and is very sensitive to
degradation due to its oxidation (Veltmenal, 2000) as compad to other nutrients during
food processing and storage. Calcium is said to delay the rapid oxidation of ascorbic acid.
Akhtar et al. (2010) reported thdobquatfruit treated with CaGlretained igher amounts of
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ascorbic acidLoss of ascorbic acid wit@aCh treatmentsvith 1% and 2%was10.9% and
8.4%ascompared to 19% loss in control while in 3&aCb treated fruitshe loss was only
2.5%. But the ascorbic acid content decreased gradually duriri@theeks storage period.
Ruoyi et al (2005) alscstated that ascorbic acid content of peaches was maintained in fifty
days storage with a pekarvest application of 0.5% CaCl
Respiration rate and Ethylene gas production
The results of present studggarding respiration rate ane close agreement dhe
earlier reports of Bashiet al (2003) who found that guava showed the typical climacteric
pattern of carbon dioxide production. Similar fings were made by Osman and Ayub
(1998) on guava fruit and found that rate of respiration was influencedtdmgge
temperature and pobkarvest treatments. Fruits stored at higher temperature exhibited a
higher rate of respiration than fruits stored at lower temperature. Storage life of fruits stored
at ambientemperature was only one week attaat mold growh occurredwhich led to fruit
softening and rots. Even though there was no significant difference in theré@uction
between all treated fruits except contrBashir and AbeGoukh (2002) described that in
guava respiration and ethylene production ratereases after the first day of harvest.
Climacteric peak of guava reaches between 4 and $ afgppstharvest and then declines.
Increased carbon dioxide level during storage reduces respiration rate and delays fruit
ripening which extends storage léad maintains quality of fruits (ARedhaiman, 2005 and
Kader, 2002). ERayes, (2009) found that when the dafelsmacteric fruit) were stored
under modified atmosphere where £1€vel was increased their shelf life walsoincreased.
They observed thathe fruits kept in 20% Cg@evel at 0°Chad shelf life of 173 days while
the fruits when kept in normal atmosphere there life did not exceed more than 60 days. He
also found that the rate of change in quality parameters like, total phenolic content,
antiaxidant activity, total sugars, total soluble solids, carotenoids content, flavonoids content,
and skin color of fruit was slodownin sample that were stored in atmosphere where CO
concentration is high than the samples that were kept in normal atmosphere composition.
Brown and Wills (1983) found that carbon dioxide and ethylene production rates in
guava showed a climacteric respiratory pattern. Simil&timundoet al. (1998)found that
in guava fruit growth season effected on the time to reach the climacteric peak. The guava

fruits of the summer season reached climacteric peak for carbon dioxide and ethylene
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production after 5 days of harvesting but in winter season it take & atals to reach
climacteric peak after harvesting when the fruits were stored at 20f€.also found that
the maturity of fruithave also impact on the climacteric pattern of carbon dioxide and
ethylene gas production.

Ethylene has been shown to be ilwenl in the regulation of flesh softening, skin
color development and other ripening processes in guava fruit leading to limitedifehelf
Ethylene production in guava is strongly influenced by harvest maturity, cultivar and storage
atmosphere (P&t al.,, 2007).

The present findings are imgrrementwith the results of Osman and Ayub908
who statd that rate of ethylene gas production showed a similar trend to that of CO
production rateEthylene production in guava fruit first increases and aftat ithstarted to
decrease with the progression in storage petioduava respiration and ethylene production
rate increases after the first day of harvest. Climacteric peak of guava reaches between 4 to 5
days after harvest and then declines (BashirAmdGoukh, 2002).

Similarly Kader (2003) recommended52 & and 01% CQG for CA storage of
guava at 515°C. The short term exposure of guava fruit to high @®els (10, 20 and 30%)
di d not e medpitaton @tes, duthreducethylene production during ripening (Pal
and Buescher, 1993). Treating guavas with 1024%% CQ for 24 h before storage in air at
4°C for 2 weeks delayed color development and reduced chilling injury, compared to fruit
held in air (Bautista and Silva,29). Modified atmosphere conditions for long term storage
of guava have not y et been deyned. The avai
guava fruit to low @and high CQatmospheres is sporadic and inconclusive.
Sensory Evaluation

Sensoryevaluation is an important tool in product development. Acceptance of a food
product depends wupon the consumerds percept
overall acceptability into overall impression of quality. Although chemical, physical and
microbiological tests are employed to check the quality of a food product, but these tests
candét provide such kind of information wheth
of present investigation are in lindth the findings of Mahajaet al (2011) whodetermined
the change in theensoryparametergcolor, flavor, taste texture and overall acceptability) of

calciumtreated guava. They reported significantly the highest score (7.11 out of 9) in fruits
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treated withcalciumsalts. The control @its recoded the lowest results. Initially the fruits
treated with CaGlwere desirable upto 3 weeks and after that sharp decline was noticed
resulting in poor acceptability of fruitdMartin-Diana et al (2005) found insignificant
differences on sensorgttributes (off flavours or texture) between samples treated with
calcium lactate and calcium chloride. However, when warm temperatures were used,
significant improvements in sensory attributes were obsetweal.similar studyconducted

by Wills et al (1982) found that the calcium application improves the organoleptic quality of
selected fruitsManganariset al. (2005) reported that there has been a significant difference
observed with respect to the texture among calcium treated and untreated peaches
(climacteric fruit) LunaGuzman and Barrett, (2000) reported that 1.5 or 2.5% Qegzited
samples of musk melon were scored hidioettexture value thacontrol samplesSaftneret

al. (2003) found that sensory evaluation with calcium propionate awcdicakchelate were

taste free and did not impart a lip feel. Jaultah et al (2007) found that the calcium salts
treatment did not effect on the sensory ssooé color, flavor and texture of apple
(climacteric frui) fruits however during storage the treated fruits attained more score than the
untreated fruits. Bashat al.(2003) found that increased level of €@aintained the texture

and color of guava fruit.
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CHAPTER 5
SUMMARY

Guava is very important climacteric fruit thedntainsantioxidantsand high amount
of vitamins C Guavabelongs to family Myrtaceae arcdme into existence fromo8thern
Mexico or Central America. Shapof fruit is round,elliptical or pear shape. Color of pulp
may be white, pink, yelloigsh depending upon the variety of fruiGuava fruitcontains fiber
water, minerals and vitamin €ontent in higher amountabitual utilization of fruits is
linked with reduced risks of oaer, cardiovascular disease, stroke, cataratzeeimer and
some of the functional disorders associated with aging.

Guava is highly nutritious fruit andnached with wamin C 3-4 time morethan
orange. It is also known as apple of poor people becasivery lowpricesand the fruit is
easily accessible to commaman In Pakistan the production of guava frgib52 million ton
annually but unfortunately 300% of guava fruitis spoiled after its harvesting due to
inappropriate guava fruit handlingnd storage because guava is delicate in nature and
climacteric fruit whichis spoiled after & days of harvesting. Guava fruit is perishable
commodity which made it susceptibléo chilling injury when stored at refrigeration
temperature.Therefore someappropriate techniques are required to be developed for
preserving these fruits in fresh form.

Current study wasonductedto prevent the podtarvest loss of guava arecalate
the shelf life of the guava fruit by applying chemical treatments and modifredsnere
conditions.In the current studyguavawas dipped in solutions of calcium chloride and
calcium lactate @ 1, 2 and 3%&spectively fors5 minutes at room temperatuiéhe treated
fruits were divided into three lotsirst lot of treated guava fit was kept in normal air
composition while the second lot was kept in modifiad chamber where the GQevel was
maintained at 5% levelnd 3 lot of treated guava fruits were kept in modified atmosphere
chambers where GQevel was maintained at 10% antémperature and relative humidity
wasmaintained at 10°C and 8Q%&spectively in all three lots

The shelf life ofchemicallytreated fruits that kept at 0% G@as 18 days while the
shelf life of guava fruits kept at 5 and 10% £l@vel was 24 days. The dip treatmehtsd
effected on the change in the quality parameters of the fruits. The higher the concentration of

the calcium chlorideand calciumlactate the lower was the change in quality parameter and
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vice versa. While the rekls of both calcium salts were almost same. Similahg CQ level
effected storage life of tb guava fruit. The guava fruitgdored ab and 10% C®@level gave
better results than the samples that were kept without CO

The TSS(°Brix) of the guavafruits increased with the progression in storage in all
samples thatverekept at different storage conditi@nlT SSin control samplestoredat 0%
CO; was 9.77 athe start of storage period theniricreasd upto10.82 till 12" day and
thereafterit decreased to 10.49 at 18day. Similarly in & (calcium lactate3%) the TSS
increased from 9.73 to 10.74 at™@ay which declined to 10.6&imilarly samples kept at
5% CQ the TSS increased fror8.83 to 10.® at 18" day of storage and then after it
decreasd to 10.57 in § (control samples). Likewise ingfcalcium lactate8%) the increase
in TSS was 9.8 to 10.30at theinitiation to termination of storage perioth samplesstored
at 10% CQ level the TSSncreased gradually and v (contro) and Tz (calcium chloride
3%), it increased fron®.83 to 10.80 and9.73 to 1060, respectivelyfrom 0 to 24" day of
storage

The pH of the fruits continuously increased with the progression in the storage period.
The pH of To (contro) kept at 0% C®increasedrom 3.86 to 4.39 at the 18day. While the
pH of the T (calcium chloride3%) increased fronB8.87 to 4.31from start to 18 day of
storage Likewise the change in the pH of guava fruits samplegcbntrol) kept at 5% CQ@
was 3.86at the start oktorage period which increased 4@®3 at 24" day. The pH ofTs
(calcium chloride3%) increased fron3.87 to 4.18 at the termination of storage period.
Similarly in samples stored at 10% ¢@vel the pH increased gradually andTign(control)
and T (calcium chloride 3%) it increased froB186 to 4.12and3.87 to 4.04from 0 to24™
dayof storage.

The acidity of the fruits decreased during the whole storage periodacitiiey in To
(control) storecht0% CQ was0.51at the start of stage period theit decreased t0.27 at
18" day of storagewhile theacidity decreased fro@.52 to 0.34 in T(calcium chloride8%)
at the termination of I8days of storage. Similar]yhe acidity decreaseé from0.51 to 0.36
and 0.2 to 0.41 in b (contro) and T (calcium chloride3%) samples kept at 5% G@vel
at the end of storage period of 24 days. Likewrssamples kept at 10% G@he acidity
decreased gradually during storage andrlin(control) and § (calcium chloride 3%)it
decreasg from0.51 to 0.4Card 0.52 to 0.44 respectively from 0 to 2&day of storage.
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The weight losg%) of the fruits continuously increased with the progression in the
storage period. The weight lo&%) of To (control) kept at 0% C@was1.19at 6" day which
increased t@.73at 18" day. Wthile the weight los®f the T; (calcium chloride3%)increased
from 1.1 to 2.46% at 18" day of storageLikewise the change in the weight loss of guava
fruits samples 7 (contro) kept at 5% C@was 1.04 to 2.9% and weight lossin the T3
(calcium chloride3%) increased fronD.9 to 2.3% at the termination of storage period.
Similarly the change in theveightlossof samples kept at 10% G@vel was 0.92 to 2.2%
from start to end of storage periodTo (contro) and thancreasan theweight lossvalue of
T3 (calcium chloride8%)was 0.81 to 2.0%om start tathetermination ofstorage period.

The firmness (Kg Force) of the fruits decreased during the whole storage period. The
firmness inTo (control) stored at 0% CQOevel was8.428at the start of storage period which
decreased t@.977 at 18" day of storage, hile the firmnessn T3 (calcium chloride3%)
decreased fron8.415 to 3.779 at the termination ofl8lays of storage. Similarjythe
firmnessdecreased from.424 to 4.748and 8.23 to 6.30 in To (contro) and Tz (calcium
chloride 3%) in samples kept at 5% GQevel at the end of storage period of 24 days
respectively Likewise in samples stored at0% CQ level, the firmness of the fruits
decreased gradually andTig (control) and & (calcium chloride 3%it decreased fror8.424
to 5.303and8.423 to 6.687 respectively from 0 to 2#day of storage

The glucose conteng(l00g) of the guava fruits increased with the progoesin
storage in all sampldsept at different storage condition. The glucose contefit iftontrol)
stored at0% CQ was 2.73 athe start of storage period theriritreasd upto 3.15 till 12"
day and there aftat decreased to 3 at #&lay. Similarly in Ts (calcium lactate3%) the
glucose content increased from 2.72 to 3.25 &t d&/ which declined to 3.15 at 1 &lay.
Similarly in samplekept at 5% CQ@the glucose contemcreased fron2.73 to 3.28 from 0
to 18" day of storage and then after it decreased to 3.22 (sohtrol samplesat 24" days
of storage Likewise in T (calcium lactate8%) the increase in glucose conteves2.69 to
3.24from start totermination of storage perioth the samples thastoredat 10% CQ level
the glucose contenmcreased graduglland inTo (contro)) and Tz (calcium chloride 3%), it
increased fron2.73to 3.27and2.73 to 3.2, respectivelyfrom 0 to 24" day of storage

The fructose contenig(100g) of the guava fruits increased with the progression in

storage in all samples kept at different storage condition. The fructose contia To
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(contro)) samplestoredat 0% CQ was 3.31 athe start of storage period thenntcreasd
upto 35 till 12t day and therafter it decreased to 3.34 atf@ay. Similarly in & (calcium
lactate3%) the fructose content increased from 3.31 to 3.56 &tdb¥ which declined to
3.51 at 18 day. Similarlyin samples kept at 5% GQ@he fructose contennhcreasedrom
3.30 to 3.66 at 18 day of storage and then after it decreased t2 .6 (control samples)
at 24" day. Likewiseg in Ts (calcium lactate8%) the increase in fructose content \8a@ to
3.64 fromthe start totermination of storage perioth the samplesstored atLl0% CQ level
the fructose contenihcreased gradually and v (contro) and Tz (calcium chloride 3%t
increased fron3.31 to 3.6 and3.32 to 3.57respectivelyfrom 0 to 24" day of storage.

The sucrose conteng(100g) of the guava fruits increased with #evancemenin
storage in all sampldsept at different storage conditianrhe sucrose content of the fruits in
To (contro) samplestoredat 0% CQ was 1.67 at the start of storage perioentitincreasd
upto 1.99 till 12" day and thereafter it decreased to 1.84 at™@8ay. Similarly in Te
(calcium lactate3%) the sucrose content increased from 1.66 t@ 2t112" day which
declined to 2 at 18 day. Similarly in samples that kept &% CQ the sucrose content
increasedrom 1.66 to 2.08 at 18day of storage and then after it decreased to 2.04in T
(control) samplesLikewise in Te (calcium lactat8%) the in sucrose conteimicreasedrom
1.66 to 2.03 at the termination of stomgeriod.In samplesstored atl0% CQ level the
sucrose contenincreasedgradually and inTo (control) and Tz (calcium chloride 3%)it
increased fron..66 to 2.04and1.66 to 1.95 respectivelyfrom O day to 24 day.

The total phenolic content (mg GAE/100g) of the fruits decreased during the whole
storage period. The total phenolic conteeicreased from 131.67 to 82.67 and 133.33 to
97.33in To (control) and Tz (calcium chloride 3% samplesstored at0% CQ level at the
termination of 18 days of storagecorrespondingly Similarly, the decrease in the total
phenolic content was 131.67 to 98.67 and 133.33 to0ODlA To (contro) and Tz (calcium
chloride 3%) samples kept at 5% GQevel at the end of stage period of 24 days
respectively. Likewisgin samples stored ahe 10% CQ level total phenolic content
decreased gradually and i Tfcontrol) and F (calcium chloride 3%)it decreased from
131.67 to 104.6and133.33 to 115.3%om 0O to 24" day of storagerespectively

The antioxidant activity (umol TE/Q) of the fruits decreased during the whole storage

period. The antioxidant activityn To (control) stored at 0% CfQvas 34at the start of storage

150



period there after it decreaséd 2.33 at 18" day of storage. Similarlyin T3 (calcium
chloride 3%) antioxidant activity decreased fr8M33 to 7.33 at the termination off18ays
of storage.Likewise the decrase in the antioxidant activitywas 34 to 3.33 and 34.33 to
15.67 in T (contro) and Tz (calcium chloride3%) samples kept at 5% G@vel from start
to theend of storage period of 24 days respectivielgewise,in samples stored at 10% €O
the antioxidant activity decreased gradually anddgifcontrol) and & (calcium chloride 3%)
it decreased fror84 to 7.33and34.33 to 18.67rom 0 to 24" days ofstorage period.

The citric acid (mg/100g) content of the fruits decreased during the whole storage
period. The citric acidtontentin T (control) stored a®0% CQ level was 37400 at the start
of storage period and thé decreased t897.33 atl8" day of storagewhile the decrease in
the citric acid was 374.67 to 313 in (talcium chloride3%) from start tatermination of 18
days of storage. Similarly the decrease in thecaitcid were374.00to 318.67 and 3.00to
33800in To (contro) and Tz (calcium chloride3%) respectively irsamples kept at 5% GO
level from start toend of storage period of 24 daysspectively. Likewisgin samples stored
at 10% CQ the citric acid decreased gradually and gn(dontrol) and § (calcium chloride
3%)it decreased from374.00to 328.67and374.00to 344.67 at the enaof storage perioaf
24 days

The ascorbic acid (mg/100g) content of the frigtadually decreased during the
whole storage periodn the samples stored at 0% &level ascorbi@cid contentsdecreased
gradually and in g (control) and & (calcium chloride 3%) it decreased frdm6.67 to 91.33
and 177.67 to 103.6at the termination of 18days of storagecorrespondingly Similarly,
the ascorbic acidecreased fro7800to 111.67 and 17.33to 129.67 in § (contro) and
Tz (calcium chloride3%) in samples kept at 5% GQevel at the end of storage period of 24
days respectively. Likewisgeascorbic acid of guava stored at 10% 0ével decreased
slowly and in b (control)and Tz (calcium chloride3%) it decreased froh7800to 120.67
and177.33to 135.33at the end storage periofi24 daysrespectively

The malic acid (mg/100g) contemtf the fruits continuously increased with the
progression in the stage period. Mali@acid of To (contro) kept at 0% C@increased from
106 to 166 at the 18day, while malic acid of the ¥ (calcium chloride3%) increased from
105.67 to 156.3at 18" day of storagel ikewisg the change in the malic acid of guava fruits
samples § (contro) kept at 5% C@was 10600to 143.67 and in thesl(calcium chloride

151



3%) was 1080 to 13100 from start tothe termination of storage period. Similgrimalic
acid content increased gradually in samples stoaedl0% CQ level. The malic acid
increased fromL06.00 to 136.33and 10633 to 12600 at 24" day in To (contro) and T
(calcium chloride8%) at the end of storage perjodspectively

The tartaric acidimg/100g) content of the fruits continuously increased with the
progresion in the storage period. Tartaacid of To (control) kept at 0% C®increased from
0.786 to 0.898 at the T'&lay. While the change in tartaric acid of the(Talcium Chloride
3%) was 0.786 to 0.89fkom start to end of storage period of 18 ddykewisg tartaric acid
in To (control)and Tz (calcium chloride 3%3¥toredat 5% CQ increased fron®.787 to 0.875
and 0.78 to 0.848 at the termination of storage periagspectively Similarly, tartaric acid
contentgradually increased isamples kept at 10% G@nd in To (control) and § (calcium
chloride 3%) it increased fron0.787 to 0.861and 0.787 to 0.837 at 24" day,
correspondingly.

The respiration rate (bCO, Kgthrl) of the guava fruits increased with the
progression in storage in all samples kept at different storage cosdifioa respiration rate
of To (contro) samplestoredat 0% CQ was 9.67 at the start of storage periodntht
increasd upto 35 at 12" day and there after it decreased to 23.68 18" day of storage
Similarly, in Te (calcium lactate3%) the respiration rate increased from 10.333fo
Similarly, in samples thawverekept at 5% C@the respiration rate increaséwm 9.67 to
39.67 at 18 day of storage and then after it decreased tO®Bih To (control samples).
Likewise in Te (calcium lactate8%) the respiration ratecreased fronl0.33 to 36 at the
termination of storage periodih the samplesstoredat 10% CQ level the respiratiomate
increased gradually and v (control) and Tz (calcium chloride 3%) it increased fro8n67
to 35.33and9.67 t034.33 respectivelyfrom start taermination of storage period

The ethylene gas production (UL Kigrl) of the guava fruits increaseslith the
progresion in storage in all sampldsept at dfferent storage condition. Ethylengas
productionin T (contro) samplestoredat 0% CQ was 2.33 at the start of storage period
then it increasd upto 15 till 12" day and thereafter it decreasetb 10.33 at 18 day.
Similarly, in Te (calcium lactat&%) the ethylene gas production increased from 3 to 25.33 at
12" day which declined to 16.33. Similarlin samples kept at 5% GQhe ethylene gas

production increaseffom 2.33 to 23 at 18 day of storage and then after it decreased to
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16.33 in To (control samples). Likewisen Te (calcium lactate8%) the increase in ethylene
gas production was 3 to 25.3®m start totermination of storage perioth the samples
storedat 10% CQ levelthe ethylene gas production increage83 to 26.67 at 8day, then
it decreaséto 16.67 at 2% day of storagén To (contro) while theethylene gas production
graduallyincreasd in the T (calcium chloride3%) from 3.33 to 26.67rom O day to 2#
day of storage

Most important factorsthat influencedthe acceptability of productvere its
organoleptic properties. Product having good color, flavaste, texture and overall
acceptability is accepted for consumption. Product quality depends uposentsory
characteristics then price is second factor influencing the acceptability of product. There is
gradual decrease the score o&ll parameters as mentioned during storage. Howeverihe T

and Te gave bestresults during the all storagiays.
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CONCLUSI ONS

U The storage quality of chemically pretreated guavas fruits were better than non
treated guava fruits

0 Among the posharvest dip treatments, 3&alcium chloridewas found to be most
effective pretreatment in maintaining the pbatvest qualit attributes and extending
the shelf life of theguavafollowed by 3%calciuntlactate.

U Modified CQO; level during storage gave better results than the storage with normal air
composition

U Use of 10%carbondioxide gave better results than S#rbondioxidelevel.

U The chemically treatedfruits that were storeih normal atmospheravere spoiled
after 18 days of storage.

U The shelf life of the guava fruits treated with calcium salts and stored under different
levels of CQ was extended up to 24 days.

U Modified atmosphere storage 10°C can stop the chilling injury of fruit
U The pH of fruit samples tend to increase during the whole storage period

U The pretreatments with salt significantly effect on the weight loss, higher the
concentration of salt the lower the $osnd vice versa

U The acidity of fruits decrease with progression in storage period but the rate of change
depended upon the concentration of salt and storage condition

U The texture (firmness) of the fruits decreased with the progression in the storage
periad, the 3% salt treated fruits retained better firmness that the etheesially the
nonpretreated fruits

U The total phenolic content and DPPH Free Radical Scavenging activity tend to
decrease with storage period.

U Thetotal soluble solids angugars (Gluase, Fructose and Sucrosé)lthe guava fruit
during storage tend tm¢rease with storage time at 10 and £@» level.

u Citric acid and ascorbic acid present in guava fruit decreased with progression in the
storage while the malic acid and tartaric aoicireased with storage.

U The respiration rate and ethylene gas production in gfraitaexhibited climacteric
patternduring storage.

U Score for sensory elgtion of fruits showed a declining trend during the whole
storage period but the rate of change depended upon the concentration of salts and
storage environment
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U The guava fruit loss during peak season will be minimized by using this technique
and producewas able to sale what he producEse shelf life of guava fruit extended
upto 24 days that is very beneficial for guava producers and guava expoHisrs
methal helped to export guava fruit as fresh to far of place otherwise that was not
possible.

U Modified atmosphere storage in combination with pretreatments minimizes the post
harvest losses. Not only additional cost of storage was covered by using this
techniques but producer will get extra profit by this. Regarding the concern of
consumer towards coste will have to pay a very little extra cost for this technique.
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RECOMMENDATI ONS

U Modified atmosphere storage should be used as improved preservation method for
bulk handling ofguavafruits for storage, long distance transportation, distribution
andmarketing for both domestic and export markets

U Treatment withcalcium salts should be usedo increase the flesh firmness and
decrease the respiration rate

U Increasedevel of CQ should be used to decredbe ethylee gas productiowhich
ultimately incrase guava fruit shelf life

U The relative humidity of storage should be kept above 80% otherwise weight loss of
guava fruit and texture of fruits become loss

U The temperature used in storage must be above 8°C otherwise chilling injury
occurred in fruits durig storage

U The QO storagelevel for Pakistanguava fruit inmust determinewhere the best
results were obtained or at what % of g@gative impact on fruits occur

U Use oxygen and nitrogen in combination with €@ extend the shelf life and
acceptabilityof guava fruit as fresh

U The surplus quantity that was hard to handle must be converted into value added
products to minimize the losses
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Achievements, Future Research Directions and Limitation of
Research Project

The production and i ncr e adegends heavilyloe resedrca tof | i f
uncover information on nutrition profile and changes in chemical composition of guava fruit
during storage. Compared to the research work of other indigenous @uiPakistan,
research on guava fruit has been very limited. It is useful to review the history of research on
guava fruit and contemporary situation with the inevitable risk of omission ofhpogest

loss of guava fruit. There is no doubt that guavansxcellent source of vitamins and high
phenolic and antioxidant activity, an important fruit particularly in developing nations like
Pakistan with high human population density and shortage of supply of highly nutritious
fruits. The purpose of increag the shelf life of guava fruit is to provide high quality of
fruits a too far off place which is otherwise not possible because guava fruit has limited shelf
life of 3-4 days in normal condition. Guava fruit is an excellent source of vitamin C and
contaned 4 times of contents as compared to citrus fruits. Escalation of shelf life of guava
fruit is realized depends on several factors, including research to bring actual productivity
closer to the potential limits and increased consumer acceptance ofrtriéstat distanced
places. The use of pretreatments in fruits in combination with modified atmosphere storage in
low economic country like Pakistan would be a good strategy in order to provide fresh fruit
and earn good economic return. Although guava bffers excellent nutritional and dietetic
properties in itself but limited shelf life, it can be stored in modified atmosphere or processed
to different value added products. The pretreatments in combination with modified
atmosphere storage will not irsase the cost of storage but it reduces the pastest losses

and the addition cost will be compensated by this. Future research should be carried out in
order to explore functional attributes of guava fruit by using alternative concentration and
combimation of modified atmosphere storage gases e.g. nitrogen, &0 Q etc.
Researchers can consider different pretreatments and modified atmosphere storage in
combination to escalate the shelf life of guava and other fruits to minimize thehpogtst

losses. Researcher should also focus on the modified atmosphere packaging of guava fruit for

escalation of shelf life of guava fruit.
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In the present research project the major limitation for the using of techniques is the
maturity time of fruits. The matusittime of fruits vary tree to tree and even fruit to fruit on
same tree. Some fruits mature early and some late. Environmental factors are very important
in this regard. It became hard to harvest fruits of different maturity level at different time. It
also required skill labor. The mature green fruits stored best at 10°C and if they are stored
below 10°C they are prone to chilly injury while the mature ripe fruits are stored best at
refrigeration temperature. The maintaince ofdével is also importantDifferent fruits

have different tolerance level of CO2 if it exceed the limit then it cause the spoilage to fruits.
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APPENDICES
APPENDIX |

Performa for sensory evaluation of chemically treated guava fruit

,,,,,

Name of the judgeééééeéeeeeééeé Dateeéééé.

Character To T2 T2 Ts Ta Ts Te

Color

Flavor

Taste

Texture

Overall
acceptability

,,,,,,,

INSTRUCTIONS

Bite the sample and score for color, flavor, taste, texture and overall acceptability using the
following 9-point Hedonic Scale:

Extremely poor

Very poor

Poor

Below fair above poor
Fair

Below good above fair
Good

Very good

Excellent

O©CoO~NOUIhA~WNBE

Note:

1. Bite sample of fruit and score for color, flavor etc.

2. Before proceeding to the next sample, rimeaith with water.
3. Make inter comparison of the sample and record the score.

4. Don't disturb the order of samples.
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