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ABSTRACT.

wMinimally processing is one of the modern food preservation lechniques. Now
i is graduatly popularized even in S Lanka due to busy lifestyles of the
consumers.

This siudy was conducied topreparalion of fresh cut (Minimally processed )
immature jak fruits, Banana blossoms and Elabatu. Also select best
preservaiive wilth lis concentration, selecl suilable packing material, desirable
gslorage (emperalure and evaluation of shell life. Because still not done proper
quality in Sri Lanka aboul fresh cul products.

Prior 1o preparalion raw malerdals were properly washed. Then sorling
and grading was done. Just afier culling above three lypes of vegelables
were dipped inio differeni SMS (Sodium metabisulphaile ) solulion and kept S
minuies. Allow {0 few minules lo drain-offi excess solution. Then these
vegelables were packed and heal sealed. Finally store under refrigerated
condition.

To deliermine the besl preservalive, fresh culs were prepared by using
Ciiric acid and SMS. Among them SMS lreated samples presenied high visual
qualily during the slorage period. So SMS seleclted as a besl preservative.
Then (resh culs were prepared by using 0.1% - 0.5% SMS soluiions. To select
ihe best strength, visual qualily were checked every day. Residual SO
amount was measured by using Monier Willium method.

~Fresh cul were packed by using Polyethelene, Polypropilene, Styroform
boxes and Plasiic boxes. Visual qualily and weighl loss were measured every
day io seleci the besi packing maiesial

Prepared fresh cul were siored n lhree different temperature ( 8%,
10%. 12°¢) To select the besi temperaiure visual quality were checked daily.

To evaluaie ihe shelf ke overall acceplabikty of fresh culs were
chocked daly and microbiological iesi was done. Finally sensory evaluation
was done to cvaluate the cooking qualdy of fresh cul vegelabies.

Afiae ihe expermont followsng conclusion ware obiained, Besl preservative
B 0.1%. 0 37 and 0 45¢ SMS solstions for Banana blossoms, immaiure jak fruit and
Eubaty mspecinely, besi pacing malenal 5 Low — densidy  polypropyiene.
sudable sioroge emperative 5 8°C for above iwee lypes of wvegciables
Opismwinn she ide urthe frash cut Banana biossom & 7 days immsase jack frud and
Etabaiv can iepl 4 and S doys respociiely

=



Fresh cut products are microbiologically desirable. According o the
resulis of sensory evalualion there s no significant different at 5% level in
between cooked frash cul samples and cooked unprocessed vegelables.

-k
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CHAPTER - 01
INTRODUCTION

A large number of preservaiion lechniques are using food processors for
both parishable and nonperishable food items. Among them minimal processing or
“Frash-cut” is the latest trend (kader and barrett, 1994).

Due to busy lifestyles consumers haven't sufficieni lime to consume
unprocessed vegelables. Because preparation of some vegetlables are quite
unpleasani ihing. As an example jak fruil has gummy lalex. Elabalu and banana
blossoms have rapid browning afler cutling. It is cause to discolour consumers hands
and cloihs. Those are cause lo poor consumplion of some vegelables.

One way of avoiding the preparation problem is processing. But processed
fruils and vegelables show lack of aulrilional quality, reduce natural flavor and
appearance.

So modern food induslries iry lo do minimal processing lo prevent those
problams. Because of minimally processed fruils and vegetables relain their natural
qualily (fimness, colour, flavor, -aroma, elc.) and nulrtional value more than
conventionally processed loods.

Also the purpose of minimally processed foods in o deliver to the consumer
o like frash fruils or vegetables product with an extended shell-life an maintain sound
nuiritional and sensory quality ( Wilay, 1994). '

Frash cul includes producis ihal contain live lissues of those that have had
sighi-modifications to lheir reshness condiiions but have kept their quality and
characier similas to ihose of fresh producis (Wiley, 1994).

Minimally processed (nuils or vegeiables are more perishable than the
unprocessed roe maierials from which they are made. The laiest irend is to prepare
the produci closs (o ihe source of the produciion.

Also minimally processing refers (o Uimming, peeling. sectioning, slicing,
and coring of vageoiables.

Rocenily the peopie of both developed and developing couniries who are
tand o consume fresh-cui vegeiables. So fresh-cut vegetables are available in the
local super markats and the popularity gredually increases.



< Objective,;

To introduce high quality fresh-cut vegetable (o the local consumers.

% Spoecific objectives;

=m e

]

£ 2

L]

Preparation of fresh-cul vegetables,

Oetermination of desirable preservalive and sirength.
Seleciion of a suilable packing malerial.
Determination of suiiable slorage iemperalure.
Evaluation of shell life.



2.1

CHAPTER - 02
LITERATURE REVIEW

Fresh cut vegetables;

During the last 15 years consumer demand for [reshness and
convenience has led o the evolution and increased production of fresh
cul lruils and vegelables. In Europe this markel grew explosively in the
early 1980s. In lhe United Siales lhe sales of fresh cut producis are
expecled o Iincrease more than three limes from 1994 o 1999.
( Olivera 1999.) Now in Sr Lanka like developing countries peoples
also lend to consume fresh cul producls.

These products are submitied to a minimal process or combination
of minimal process, laking advantage of the hurdle concept. Theses
processes Inciude operalions of handling or preparation and
preservalion. Preparation includes: operations of separation, such as
peeling, coring, Tdmming, Selecling. Sorting and Grading as well as
operations 1o reduce the size such as Chopping, Slicing, Dicing,
Granulating and Shredding.

Consumplion of fresh cul vegetables had a higher increase in the
markei than fresh cut fruils, because the preparalion of vegelables are
more time consuming, g

Common denominaiion for this itype of producis are: Minimally,
Lightly, Fresh - Prepared, Pre-cul, Pre-prepared, Cui-prepased or “Ready
to eatf® vegeiabies.

These producis ame characterized by @ shelf lfe shorter than the
unprocessed row maiadals.,

The increase in convenignce for the consumer has howesver @
detrimental affect on ithe product qually. Physiologically, the operaions
of preparption vl damage the oporation of the cefls, promoiing contact
creating stress condiions.,



The conscquences of wounding are;
1). Increase in the respiraiion rate.
2). Production of ethylene.
3). Oxidative browning.
4), Waler loss.
5). Degradation of the membrans' lipids.

These alleralion will increase decay. Thus atlenlion musi be
focused on exiending shell life by maintaining quality and assuring food
safely (hroughout the harvesting, handling, packaging, storage and
disiribuiion.

2.1.1 Some reasons for the increases in demand of minimally
processed foods.

1). Changers in socistal consumplion patterns.

2). Availability of certain producis.

3). Consumer purchasing power.

4). Consumer preferences.

5). Life stytes.

6). Giem_ar awareness of health and safely as relaied o food.

2.2 Definition of the fresh cut foods.
There are several definions proposed for fresh cut foods.

2.2,1 Definition No 1 ;

inciudes all the opersilons (washing, scleclion, peeling, sicing eic) ihai
must be carricd oul before blanching in 3 conventional processing line thai
keep the food 8 Wving lissue. (Rolic and Chism, 1887)



2.2.2 Definition No 2;

includes products that contain live lissues or those that have had
shght modifications (o their freshness condilion but have kept their
quality and character similar to those of fresh products. (Wiley, 1994)

2.3 Method of fresh cut production.

Firsl, fresh disease free fruils or vegelables should harvest. Then do
sorling and grading. Afier the preliminary sorling the vegelables are graded
according to size. Il is done by hand or wilh the help of grading machines.
The graded vegelables are properly washed wilh soaking, agitating or spraying
in pure waler. We can disinfect the vegetables by socked lthem in to dilute
solution of Polassium pemmanganale (KMnO,) or washed by using Chlorine
watar. The unwanied particle of the vegetable is removed by using hand or
knife. Then vegeiables are cul shred or chop according 1o the type of
vegelables. If necessary suilable preservalive is added to prevent Browning
reaction. We can use (KMS/SMS- polassium or Sodium meta -bisulphaite, Citric
acid, etc. ) ARler pack is done by using suilable packing maleral. Finally
packed producis are slored under suitable cold room condition unlil consume.
if these are lransport cold chain should follow. Othenvise quality of fresh cut
will be loss.



Harvest fresh disease free fruits or vegetables

|

Sorting and Grading

l

Washing

|

Trimming

¢

Cut in to pieces, shredding or chopping

v

Add preservatives If necessary

|

Packing

|

Cold room storage

|

Transport under cold room conditions

Figure 2.1 - Protess flow of fresh cut fruilts or vegetables.
(Throughout the procedure cold chain should be followed.)



2.4. Shelf life of fresh- cut vegetables,

As living lissue, fresh cul producis have a limiled energy supply.
Respiration converts the siored energy inlo usable energy to susiain life.
Basically, (he bhigher the raspiration, the shorier the shelf life. {( Rolle and
chism, 1987). So suppression of respiration is important for all fresh cut
produce.

In addition, minimally processed produce are essentially wounded lissues,
and thus undergo reaclions designed 1o repair the damage. Unfortunately
many of these reaclions are delelerious to quality ( Rolle and Chism, 1987 ).
The wounding of living plant lissue resulls in an increase in respiralion and
aethylene produclion, bolh of which will result in shorlened shelfl life. The
ethylene will also accelerale ripening, softening and senescence. (Philosoph —
Hadas et al, 1991 ). Wounding also induces other metabolic palhways that
resull in secondary meiaboliles thal can cause dis-colouration, off-flavour and
texture changers. Cell disruplion al lhe cul surface leads (o decom
patmentation of enzymes and subslrales. For example, Phenylalanine,
Ammonialyase and Polypheno! oxidase coniribute io browning reactions when
combined wiih Oxygen and Monophenolic substrates. ( Arthey and Ashurst,
2001 ).

°

Finally, aimosi al minimally processed foods have all or part of the peel
or outer proleciive coaling removed. This allows enltrance of spoilage
orgenisms and dehydration of the (i lissue. Dehydration may be partially
rasponsible for some of the oflening that is observed in fresh cut produce.
{ Arthey and Ashursi, 2001 ).

Shell ie of minimally processed wvegeiable shorter than s unprocessed
vegetable. Shell kfe of some fresh ci are 6-10 days some are can keep 21
days. It depend on (ha type of vegeiable. (Robert C. Wiley, 1594).



2.4.1. Methods of extend the shelf life.

1). Rinsed in 50- 200 ppm Chlorine or Chlorine dioxide (Reduclion of
Browning reactions and Micro organisms ).

2). Use of Ozone and Uliraviolei radiations.

3). Storage of Conirolled or Modified aimosphere condilions.
4). Use chemical preservalives.

5). Apply mild heat (reatmenis,

8). Modification of PH.

7). Reduction of water aclivily (a. ) (fresh cul frulls and vegelables which
normally have a, around 0.97-0.89) ( Robert C. Wiley - 1994.).

8). Apply irradiation.
9). Apply edible wax coaling.
10). Use Plaslic or Polyelhelene package.

Quality is best maintained if the product is chilled o oplimum temperature
levels which ara maintained uniil purchased by the consumer (“Cold chain®).

2.5. Storage and Packaging of fresh cut products.

When we consider storage of {resh cul, we use controlled almosphere(CA)
or Modified simosphere(MA) condiion. Polymeric film or Plaslic materials are
uUse as 8 packing malerials. Sicrage temperalure depend on type of food
products,

Modification of conceniralion of O, CO, andfor CyH, (and waier vapor or
Retative humidity ) in the atmosphere around lhe product to different levels
than those in 3ir, what is known as Conbolled atmosphere{(CA) or Modified

atmosphera(MA).

MA ihat reduce senescence and delerioration of dtnimally processed
foods. A pockoge help io exiends thewr shell Ee 50-<00 utmes. (Pedso Fxo
et. 8l., 1997) i



In this condition internal package aimosphere conceniralion of O, relatively
low and CO, concentralion is relalively high. So aerobic respiration of the
product is reduce.

To maintain above condilion permeability characleristics are very imporiani.
These are mentioned in (ollowing table.

Permeability characierislics of several Plaslic film with polential for use as
MAP of fresh and Minimally processed produce.

Table 2.1 Permeability characleristics of different plastic film.

Film type _ Transmission rates i
_ O, CO; H.O
1). Low-densily polyelhylene. 3,800-13000 7,700-77000 6-23.2
LOPE)
2).Medium densily | 2600- 8283 7,700- 38,750 8-15
potyathylene.
(MDPE) , _ 7 ‘ .
3). High density polyethylene. 520- 4,000 3,900-10,000 4-10
(HDPE) -
4). Polypropylene. (PP) 1,300-6,400 7,700-21000 4-10.8
5). Polyvinylchloride. {(PVC) 620-2,248 4,263- 8,138 - _
8). Polystyrene. (PS) 2000- 7,700 10,000-26,000 108.5-155

( Source- Minimally processed relrdgeraled fiuils and vegelable, Robert C.
Wiley... 1994 ),

2.6. Sulper dioxide (SO,)

it is siso well known o be effeclive against mokds, yeasls and bacteria.
It is » food grade chemical. li has been used io conlrol microorganisms on
soft fruils, vegetables, fruds juices, wines, pickles, leafy greens. it is mosi
effective ani-browning ageni, (prevaent enzymalic brovming ). Assisl to preserve
vitamin C and less loxic.

Sulphur dioxide avadoble in ihe form of Sulphiies. Sodium and
Potassium sulphiles (NayO2S0,/ Ky02S0:) are widely use as preservaives,
Potassium sulphile (KMS).is moe crysialing than Sodium sulphiia (SIMS).
Hence it is more sigble. Bui chamical roaction is same, (Roberdd C. Wilys, 1994 )



Hy 0480, HySO, HSOy+H™ <+ SO +2H*

1 mole of KMS /SMS contain 2 mole of SO,.

v

Moleculer weight of SO, is 64g.

A4

7 Moleculer weighl of KMS is 222g.
So 222g of KMS conlain 128g of SOa,.

N

Therefore theorelically percenlage availability) =(128 /222) 100 %
Of SO, in KMS =57.65%

+f

2.7. Browning reaction in food.

Fundamenially, browning reaclions are of two types:
i. Enzymalic browning.
iil. Non-Enzymalic browning.

This reaclion resulls in organoleplic defecis and delerioration of foods
during processing and siorage. We can control browning reaction by using
many chemicals like Sulphiles, Ascorbic acid, Erythrobic acid, Ascorbic acid- 2-
phosphate, Acidulanis and Chelaling agents.

2.7.1. Enzymatic browning(EB)

Enzymaliic browning ubiquilions in fruils and vegeiables is generally of
two types.

3) Polyphenol oxidase csaialysed oxidation of polyphenol compounds in
fruitls and wvegetables to quinines which then polymerkze o dark
melanine pigments of unknown siructures.

b) Reaciion of polyphenol derived quinones wailh free amino acids and
proigins o form,



2.7.2 Non-Enzymatic Browning.(NEB)

Also known as Malllard Reaclion(MR). Maillard reaction comprises of the
foliowing reactions.

. Heat calalysed amino acid and protein interactions specifically
reactions of amines, amino acids, Peplides and protéins with
reducing sugars.

Il. Protein oxidized fatty acid reactions

il. Heterocyclic amine formation.

V. Caramalization.

2.7.3 Prevention of Browning

Convenlional methods employ heal treatment, such as steam and water
blanching (0 control browning. Unfortunalely although these are equally
detrimentsl to the texture of fruils and vegetables.

Siphiting agents can use to control browning of fruits and vegetables.
Alternatives of control browning.

1) Reducing agents —Ascorbic acid.

2)~Enzym.e inhibilors — Cinnamic acid, kojic acid and Benzoic acid.
3) Chelating agents — Cyanide, EOTA, Azide, elc.

4) Acidulants.

S) Copmiaxing agents- Cyclodaxirins, cyclic oligosaccharides.

In this meihod we apply two or more suilable preservation method
together. As an axampie in this concep! wa can apply (o prevent browning,
low PH, reduction of watar activity, mild heal treaiment.

This method is very importat when we consider minimally processing.
(indian food packer, 1988) - .-

]



2.7.2 Non-Enzymatic Browning.(NEB)

Also known as Maillard Reaclion(MR). Maillard reaciion comprises of the
following reactions.

I. Heal catalysed amino acld and proiein inleractions specifically
reaclions of amines, amino acids, Peplides and proleins wilh
reducing sugars.

Il. Protein oxidized fatly acid reactlions

Il. Helerocyclic amine formalion.

V. Caramalization.

2.7.3 Prevention of Browning

Conveniional melhods employ heat realment, such as stéam and waler
blanching to control browning. Unfortunately allhough these are equally
datrimental o the texture of fruils and vegelables.

Siphiling agents can use (o conirol browning of fruils and vegetables.
Allermaives of conirol browning. °

1) Reducing agents — Ascorbic acid.

2) Enzyme inhibliors — Cinnamic ecid, kojic ackd and Benzolc acid.
3) Chelaling agenis — Cyanide, EOTA, Azide, eic.

4) Acidulanis.

5) Copmiexing agents- Cyclodexinins, cyclic oligosaccharides.

In ihis method we apply two or more sudable preservalion method
togsiher. As an exampla in lhis concepl we can apply to prevent browning,
lovs PH, reduction of waier activily, mild heal trestment.

{indion food packer, 1998 ) .-



2.8. Microbiology of Minimally processed food.

Almost all minimally processed foods have all or pant of the peel or
ouler proleclive coaling removed. This allows enirance of spoilage organisms.
Microbiological spoilage represenis significani economic loss and cause
to food illnesses. Bul refalively few iypes of microorganisms cause lhe
majority of food borne diseases. ( Wiley, 1994 ).
Spoilage organisms can produce spoilage sympioms that are associated
wilh ;
General appearance ;
Colour ;
Texture ;

Odour or flavour ;
A mixture of the above;

SASAS

Cul product should be washed (o remove cellular contenl from the
surface thal favour microbial growih. ( Asthey and Philip, 2001).

Washing fresh culs are imporiant lo conirol microbial loads that include
mesophilic micro flora, Laclic acid bacleria, Coliforms, Feacal coliforms, yeast,
moid and pathogenic micro flora. (Arthey and Ashurst, 2001 ).

Wa c¢an conirol microorganisms by applying #Modified atmosphere
packaging, Low lemperalure and preservalives.

To minimized microbial conlamination protect sanilary condiiions
throughout the processing fine and it should be maintain until consume.

Al member of the food indusitry share a responsibility lo provide
consymers wilh safe wholesome food. Profils shou'd be secondary to safe.

( Wiley, 1994 )

12
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CHAPTER - 03
MATERIALS AND METHODS.
MATERIALS.

Elabatu. (Solanum melongena.)

Elabalu was bought from Peradeniya market.

Immature jak fruits. (Artocarpus heteropylius.)

immature jak fruil was harvesied from agriculiure farm Gannoruwa.

Banana Blossoms. (Musa acuminata.)

Banana Blossoms was harvesied from agricullure farm Gannoruwa and also
bought from Peradeniya markel.

Stainless steel shape knives.

This knives was used (0 cul the vegetable in lo small pieces and protect
hygiene also minimizing the damage to the culling surface.

Plastic Jars.

it was used (o dip the vegeiable pieces in 10 sodium meiabisulphaite (SMS)
solution.

Sodium metablsulphaite. (N3,02SO0;)

it was act as a preservative and anli browning agent.

Packing materials.

Polypropylene was used to pack the ireated vegelable pieces.
Refrigorators.

Three reingerators was used (0 siore minimally processed vegetables ai
ihree diflerant lemperature.

Thermometor.

Diat ihermometer was used o measure iemperaiure of each refrigerators.
Othor materials.

Glassware (peiridishers, pipeita, buretie, beakers, glass rod, conical ftask,
condenset, measwsing cylinders.), Eleclric sealer, Seaves, Refract meier,
PH maeter, Autoctaver, Color cord, Parafilm, Nutrient agar. Quabec colony
counter.
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3.2 METHODOLOGY,

Priparation of fresh cut vegetables by using Elabatu, Immature jak
fruitls and Banana blossoms.

Initially grading and sorling was done lo select desirable once.
Vegelables were washed by using pure running water. Timming was done to
remove unnecessary parls. Then Elabatu and immalure jackfruits vas cul in
o pieces and removed unnecessary parls of inside the vegelables, also
banana blossoms was shredded. Just after culling or shredding these three
types of vegelables was dipped In lo (S.M.S) Sodium Metabisulphaite
solutions for 5 (five) minuies.

items Strength of SMS solution
¢+ Elabatu 0.4%
+ Banans Blossoms 0.1%
+ Immature Jak Fruit 0.3%

Then the solution was fillered out and allow to 5 minutes o drain off excess
valer from the products. Afier vegelables were packed by using (PP)
Polypropyiene bags of ISO gauge thickness. All the bags were heat sealed.

— Weight of each sample was approximately 100g. Finally packed vegetables
were stored under Refrigerator condilions at 8 °C.

14



Vegetables
(Elabatu, Banana blossoms, Immature jak frults)

h 4
Trimming

v
Cutting/Shredding

<+
Oip into SM1 solution, § min

Fitter

*
Allow to droin off excess waler

-

Packing

v
Store under rofrigeraied condition at 8°¢

e .

Figure 3.1- Process flow for Frosh-cut vegotables.
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3.2.1. Analysis of residual Sulphur Dioxide.

Reagonts;

0.05 N siandardized lodine sofution.
1% Siarch solution.

Praviously boiled dislilled water.
Conceniraied Hydrochloric acid.

Procedure;

1009 of grinded wvegelables (Elabatu, Immailure jak frulls, Banana
blossoms) was weighied and pul inio 1000m! round bottomed flask.
Also 200m| of distilled waler was added Into it. The adapter was
dipped under the surface of aboul 300ml of disliled water in a 500ml
beaker. To this water was added a few drops of 0.0SN lodine solution
and a Sm! of Starch solulion. Then 20ml of concentrated Hydrochloric
acid was added inio the round bottomed flask. The Mask was
connecled o the remainder of the apparatus. Then the sample was
heated unlil boiled. From a burelle 0.05SN lodine solution was run into
the beaker as lhe dislillalion proceeds. So thai blue colour of the
*Siarch lodide™ jusl remains.

The end point is taken when the initial blue colour persists for one
minute. The procedure was repeated lhree limes for each sample.

The SO; content is calculated in parts per million from the formuta,
SO, in ppm=( V* 0.016/W *10¢ )
1M of 005N I, = 0.016g of SO,

V= Ngeded ioding amouni of the itration,
W= Weight of ihe sample.

16



3.2.2. Determination of Total Soluble Solids (7.S.S.).
Reoagent;

Oistitled- water.
Proccduro;

109 of fresh cul vegeiable was grinded and measured amount of -
waler was added if necessary. Then mixiure was homoginzed and was
fittered through the cloth. Brix value of the filtralte vas measured by
using Refractiometer (Ema Hand Relractometer, range 0-32°. This
procedure was repealed lhree (imes [or each sample.

Calculation;
T7.S.S. = Refractometer reading * Dilution factor.

Dilution facior=(Weight of the sample+Volume of Water)/Weight of the
sample

3.2.3. Select best preservative and concentration.
Select best preservative;

Reagent,;
Citric acid.
Sadium Metabisulphaite(SMS).
Distilled water.

Procedure;

Just safier cutling same weight of Immatwe jakx fruits, Banana
blossoms and Elabalv were separaiely dipped in freshly prepared 0.1%
SMS and 0.1% Ciiric acid solulions and also in disilled waler 3s 3
conirol. Vegetable were kept in solsion for about S minultes. And
allovsed {0 draincd off water. Then every fresh cut vegeiable samples
were packed by using polypropilene bags of 150 guage (hickness. Al
the bogs were heat scaled and siored in o refrigerated condition at
12%. Exiernal spposronce were measured by using Visusl quality
raiing. MNine point . Hedonic scale wore used. @ - was  foprecenied
exircamly good and | —vs repreconiad extreamiy bad respoctivoly.

17



Determine better concentration of the preservative;

Just after cuiiing same weight of Immaiure jak fruits, Banana
blossoms and Elabaiu were seperaily dipped in freshly prepared 0.1%,
0.2%., 0.3%, 0.4% and 0.5% SMS Solulion. Cut vegetable were kept
solulions for about 5 minules. And allowed to drain off water. Then
packed every fresh cut vegelable sample by using polypropilene bags
of 150 guage lhickness. All the bags were heat sealed and slored in 3
refrigerated condilion at 12°C. Exiemal appearance were measured by
using. Visual quality rating.

3.2.4. Selection of suitable packing material.

Just afier the cutling same welght of Elabatu, Immature jak fruils
and banana blossoms were separalely dipped in 0.4%, 0.3% and 0.1%
SMS solution respecilively. Fresh cul were kept in solutions for about S
minutes. And allowed to drain off waler., Then packed every fresh cut
samples by using Low Density polyethylene (guage 150), polypropilene
(guage 150), Styraform boxes and Plaslic boxes. Sample were stored
under refrigerated condition at 12°C. Exiernal appearance and weighl
was measured every day,

3.2,5. Select best temperature;

Jusi after cutling same amount of Immature jak fruils, Elabatu and
~ Banana blossoms were dipped in o 0.3%, 0.4% and 0.1% SMS
solutions. Vegeiable were kepl in 5 minutes and aliowed lo drain off
water. Then every samples were packed by using Polypropilene bags
and heat sealed. Siore under 8°C, 10°C and 12° C in refrigerated
condilion. Sensory evalsstion was done for fresh cul Immaiure jak
fruils, Elabatu and Banann blossoms, Ater 4, S and 7 days of siorege
respeclively.

18



3.2.6. Microbiological test.

Total Plate Count (T.P.C.)
(Standard Plate Count/ Aerobic Plate Count ]

Culture media;
Nuirdant agar (NA)
Mathods of proparation - NA medium;

23g of Nutrient agar was added lo one litlter of distilled water
and it was boiled until gel dissolve. Then the medium was sterilized by
aulociaving for 20 mlnu!'es al 15 lbs/sq inch,

Storilization of Glass ware;

Petridishaes, Pipeties and Tes! lubes were slerilized by oven
drying for one hourat 170°C.

Proceodure;

Lemina Alr Flow surface and hands was sterilized chemically by
using 70% Ethyl alcohol.

1g of MinimaRy processed vegelable sample was put into test
tubes and 10m! of stedlized dislilled waler was added into it by using
Pipeite. Then mixture was shacked by the help of shacker.

After preparation of moiher solution following dilution series was
prepared 10°, 10°, 102 and 10>

Two plaies was prepared by using each dilution.
Preparation of plotes;

Iniiatly 1m! of inoculksm was added into peiridish in the Lamina
Ak Flow environmemt. Then 20m! of NA was added inlo the petridish
and # was shaked well to proper mixing. Then pelridish was sealed
Eoch plote was prepsred by using sbove procedure. AR the
plstes was incubsied st 30-35°C lor 48 hours.
ARar 48 hows colonics were couniad by the halp of colony coumier,
( Garbudl, 1997)
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Calculation;

N= C/(ny+0.1n;)d
N -~ Number of Micro organisms per ml/ per g of ithe sample.
d- dilution faclor corresponding to the first dilution.
C-Sum of colonies counled on all the dishes reiained.
N, - Number of dishes reialned in the first dilution.

Ny — Number of dishes reiained In the second dilution.

3.2.7. Sensory evaluation;
Paired preference Test.

Sensory evalualion was done al the final day of the shelf life of
the fresh cul Elabaiu, Banana blossoms and immature jak fruits, by the
help of 20 panalist in Food Research Unit.

Procedure;

Minimally processad vegeiable sample and (resh vegetable sample
was cooked idenlically. Then two sample was put into two dishes and
il was Ilabled by using ihree digit random numbess. Then both cooked
saomples was served (o panelists with Cream-cracker biscuils for
sansory svalustion. Hedenic scale included quesiionnaire was given to
tham for matk thewr prelerence.

Final resulis was analysed sialislically by using Paired |- lest



CHPTER-04

Results and discussion.

4.1 Residual so; content ;

Table 4.1 Residual SO, content in Banana blossoms, Immalure jak fruiis and
Elabaiv at the very (irsi day of preparalion.

 Fresh cutproducls | sample 0.05N I ml SO, ppm
Banana 1 0.15 24
blossoms(dipped 2 0.15 24
in 0.1 % SMS) 3 0.20 32
Immature jak 1 0.35 56
fruit. (dipped in 2 0.40 64
0.3% SMS ) 3 0.45 72
Elabatu. (dipped 1 0.15 24
in 0.4 % SMS) 2 0.25 40
3 0.20 32

A4

v

¥

A4

Al the very [irst day of lhe preparation average residual SO, content of
fresh cul Banana blossoms 26.6 ppm.

Al the very first day of the preparalion average residual SO; conient of
the fresh cul Immaiure jack fruil is 64 ppm.

Al ihe very fist day of the preparalion average SO, conient of Elabatu
is 32 ppm.

Residual SO, conient depand on the type of vegetable.

Al the above reswdual SO» amount below the 70 ppm [ According {0
SLS siaiad oplimum residusl SO, amount of Ready (0 serve drink
(RTS) is 70 ppm ) Therefora ® is good for consumplion. Because sl
not publish siandard residual SO> amount for fresh cul vegelables.

When cooking significani amouni of residual SO; bbersic, So cooked




4.2 Total Soluble Solids (TSS) content.

Table 4.2.1 TSS variation of the final products.

Days  Average TSS of ﬂ Average TSS of | Average TSS of
Banana | Immature jak | Elabatu
blossom v fruit

1 ’ 1.5% | 2.5° 2.5°
2 1.59 2.5° 2.5°
3 1.5° 2.6° 2.6°
4 1.6° J 2.6° 2.6°
S 1.6° | 2.7° 2.7°
6 1.7° 2.8°
7 1.8°

Significunt - - roy

differant eftect al

5% level

* * Means wilh the same letter are nol significanlly different at 5% level.

+ TSS content increase wilh the storage time.

+ Banana blossoms hava low TSS contenl than olher two.

» TSS varialion is mosl probably equal ihese ihree lypes of vegelables.




4.3.

preservative for each Visual

time to select best vegetables.

Banana blossoms ;

quality rating (VQR) with

Table 4 31 Average VOR wiih differeni preservatives within the storage time.

Oays Average VOR for | Average VOR for| Average VOR for |
e SMS ___{Citricacid | Distilled waier
1 9 9 7
F 2 9 9 7
3 9 8 6
4 8 7 4
5 8 7 4
8 8 6 3
7 8 6 2
8 7 6 2
9 7 5 1
10 6 4 1
Total 79 67 37
| sverage 7.9 6.7 3.7

Average VOR of conirolled sample is very small. It mean VQR is very

less.

in the other two average VOR of SMS added sample is higher than
the Ciiric acid added sample.
The daia was anatysed using slalislical package Miniiab, by the heap of Non
parameincs Kruscal wallis tesl,

Then average values weare ranked.

So SiMS added samples give good VOR. According to the results of
ranking SMS is the besl preservaiive for Banana blossom.




VQR with different preservatives

10 .
o 8¢ o T~
3 61 S TTIMS
e a4l ¢~ Citric acid,
g A o D.Water

O b e e e - o

123 4567 8 910
Days

Figure 4.2 Changes VQR with days under differenl preservalives for Banana

blossoms.

Iimmature jak fruit;

bd

Teble 432 Change of sversge VAR wilh different preservatives during the

storage lime.

1 Dnays Average VOR of | Average VQR of | Average VQR of |
o _lsms_ | citfcacid Dwater |
| ) 7 8

T2 8 5 5

=3 8 5 3

. N 7 — N
' - S 7 a4 o | e I

' 8 6 3 ) 3

| Toted 41 * 28 '—_hﬁb 26
Averasge 78 1L 4.6 A 43 J

+ Aversge VOR of SMS sdded

semple is very much higher than ithe

olher two, So SMS i3 ihe batier pgreservalive for immstre jak fruit,
« Above dsip were andlysed by using Non parameirics Kruscal Walkis

tesi,
= Averoge valucs were ranked o
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Change VQR with different
preservatives

10

¢SMS
e Citric acid
D Water

Figure 4 3 Change average VQR with  days under different
preservatives.

Klahatu;

Table 4 3 3 Change of VQR with different preservatives during the storage
tafia

=« Average VQR of SMS added sample la Ngber awn the otter two So
SMS is-tie batter preaarvatve tor EJabaau

= Above data warn anafyaad by uabtg Non paramalnca Kruacal wefita laal
and average vetoes ware ariad to And tie beat taatnsrda
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Change VQR with different
preservatives

+ - SMS
e Citric acid>
D Water

Figure4 4 Change AUG VQR with days under different preservatives

»



> Visual Quality Rating with days to select best SMS

concentration for each vegetable.

Banana blossom ;

Table 4 3 4 Change of VQR with different SMS concentrations

SMSO1% SMS 0 2% SMS03% SMS 0 4% SMS 0 5%

"ol 9 9 9 8 ;3 7
2 9 9 9 8 7
3 9 9 8 8 7
n - 8 8 8 7 6
L 5 8 8 7 7 6
6 8 8 7 6 5
r 7 8 8 6 6 4
8 7 7 6 5 4
[Total 66 66 60 55 46
[ Average 8 25 825 75 68 57
Change VQR with dif.SMS
SMS 0.1% =
SMS 0 2%
SMS 0 3%
SMSO 4%
SMSO 5%
J Days

Figure 4 5 Change VQR w*h <tHarenl SMS oonoenbaKon during storage time

= Average VOQR value of 01% and 0.2% SMS eoluaone treated are
tvgher Stan odieri and eeme Bui ve sated kw concentration roMion
to treat Banana btoeeome

= SoVia bad oonoentraaon is 01% for Banana doaaonts
< m add rvgn oonoeraraeon ia prooua mm oteacned

< Thaaa data vrara andyead by uabig Non paramdrtea Kruacd Wide tael
and M M Man «wra Mated to And Vie bad eonoantraton

21



Immature jak fruits ;

Table 4 35 Change m VQR Math different SMS concentrations

Days SMSO1% _4 SMS02% ,SMS 0 3% )
i o 9 . 9 9 9
2 8 8 ® 9 8 8
3 7 8 1 9 8 7
4 7 7 8 7 7
5 7 7 8 6 6
Total 38 39 43 38 37
Average,K 76 78 B 86 76 74
Change VQR with dif.SMS
SMS 0 1%
SMS 0 2%
SMS 0 3%
SMSO 4%
SMSO 5% 1

Figure 4 6 Change in VQR of different concentration SMS solubons during Vie
storage feme

-« Average VQR value of 03% SMS samples are higher than others

Therefore A is tie beat SMS concontralon tor preserve immature
lack *WL



Elabatu;

Table 436 . change m average VQR with different concentration of SMS
during the storage time

Days SMS 0 1% SMS02% SMS 0 3% SMS 0 4% SMS 0 5%

<

1

t
I
1

OUAWN R
MO OO

R

flooomooo

Total
Average

51

\‘

JRoNN®oo
[y

W RN~N~N~N®®

0P ~N~N0oO o

Change VOQR with dif. SMS !

SMS 0.1%
SMSO.2% |
SMS 0 3%iii
SMS 0 4%:!
1 2 3 4 5 6 SMS 0.5%

O N~ O

Days

Figure 4 7; Changes in average VQR with rWaranl concentration of SMS
solutions dunng storage hme
« Average VQR value of 04% end 0.9% SMS solutions are higher
than others and same L<n concentration is more better for
consumption So 04% SMS is good for Elabatu. >
< Above data ware analysed by suing Non paramelrtcs Kruscal waBs test

and average values were ranked to sated best concentration
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4.4 Visual quality rating for select best packing material;

44 1 Average VQR for Elabatu

Days i polyethylene 5 Potyprop»rlene Straform box Plastic box
i T . &_ . 8 8
2 1 8 8 8 8
3 | 7 | 8 7 I
4 7 7 7 6
5 6 7 6 6
6 6 6 5 4
7 | 6 4 4
Tot 468 50 45 43
AVG \~ 68 7 14 64 6 14
442 Average VQR for Banana blossoms
Days I polyethylene Polypropiiene Styraform box Plastic box
1 9 9 9 9
2 9 9 9 9
3 8 9 8 8
4 8 8 7 7
5 8 8 7 7
6 7 8 7 H 7
7 7 7 7 6
8 6 7 6 6
9 6 7 5 5
10 5 6 5 5
Tot 73 78 70 69
AVG 73 78 70 69
44 3 Average VOR for Immature Jak fruits
"Days Polyethylene Polypropylene Styroform box Kiasoc DOX
1 . 9 9 9 9
2 9 9 9 9
3 1 8 9 8 8
4 i 8 9 7 7
5 | 7 8 6 6
6 6 8 6 5
Tot 1 a7 52 <h 44
AVG ! >8 86 - 75 73

= Above data were analysed by using Non psnmastca Knacal Wa*s test and

< Avoraot VOQR ii hiohy n bn rntun fmh cut
vegetatA impios |hw ~oiy~fbyin begs. Pltitc boiw end



444 Percentage weight toss - Elabatu

Days Polyethylene Potypropdene i Styraform box Plastic box
1 o : 0 T 02 02
2 04 02 [ 05 03
4 10 06 ] 10 09
5 14 08 \ 25 13
. t8 10 28 14
7 26 12 [ 35 18

445 Percentage weight loss - Banana blossoms

Days Polyethylene Polypropilene  Styraform box Plastx: box
1 01 0] 03 02
2 02 01 06 04
3 03 0 15 09 06
4 035 03 13 075
5 0 45 035 17 09
6 05 045 19 12
7 065 06 25 16
8 09 07 30 20
9 14 065 34 22
10 18 12 38 25

446 Percentage weight loss Immature Jak fruits

Days Polyvthetene Polypropilene Styraform box Plastic box
1 01 0 05 04
2 03 02 07 07
3 07 05 13 09
4 09 07 18 1 14
5 14 09 25 1 18
6 17 11 35 27

- Accordig to toe above data percentage weight loss Mo leas d
potyproptona bags oontam fresh cut lamptea Stan others

< So Po*yprop*ans s tie beet packing malanal tor Elabelu. immakae

lack truts and Banana bioaaoms



4.5 Select best temperature;

4 5 1 Change of VQR for Elabatu at different storage temperature

10®C 128C

1— - ° r = T 8 8
2 8 8 8

3 8 7 7

4 7 7 7

5 7 6 6

6 6 6 4! 5

7 6 6 f 4

Tot 50 v
AVG 714 8 1 64

452 Average VQR for Banana blossoms at different storage temperature

453 Average VQR for Immature Jek Fran at dWerent storage temperature
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= Above dais were analysed by using Non parameirics Kruscal Waliis
iesi and average values were ranked.

* Average VOR is higher than the above thres types of fresh cui
vegelables which were siored al 8% than 10°c and 12%.

4.6 Total plate count (T.P.C )
(Aerobic plate count)

+ Aerobic plale count of Minimally processed Immalure jack frult was
1.1*10* clu/g after 5 days of siorage.

Aerobic plaie count of Minimally processed Elabalu was 1.2°10° cfu/g
afier 6 days of storage.

L

&

Acrobic plate count of fresh cul Banana blossom was 1.4°10°cfu/g
afiar 7 days of siorage.

Thesa microbial amounis are very low level of accepiable range. o

4

»

The saasons cf present such a low amount of microbial content are
low {ampesralure Siorage, todified aimosphere packaging and
maintain proper sanilery condibons. And also SMS contribuie (o
conirolled sign:fican! amouni of micro organisms.



4.7 Sensory evaluation ;
Paired preference test;
For Immature jak fruits;

4.7.1. Daio - immaiure jak (ruits,

Judges | Sampie B Sample A Difference
u L 914 148
1 8 6 2
2 8 S 3
3 7 4 3
i 4 8 7 1
‘ ] 8 7 1
<) 6 8 -2
7 7 4 3
8 9 6 3
I 8 3 3
10 8 7 1
1" 8 7 1
12 8 | 8 2
13 8 ‘ 8 0
S [ S . 8 9 -3
18 8 ! 4 4
18 8 8 2
17 2] 8 1
18 ] 7 -1 >
, 19 — 3 a -5
20 8 8 0
Tot 150 131 19
= #esn_ 75 'l 7.5 1 095

914 — Unprocessed frosh, cooked mmaivre Jok Fruil sample.
148 - Hmumally processed, cooked fmmahwe Jak Frul sample.

+ Calcuisiod i-value is 1.883.

o Tvaluo of sbles 2083

+ 1883 is not greior than the tabdle valuo (2.093)

+ Tho conclusion i3 that thore i3 no signdicant ddicronce n o
jock fruits minmolly processed ond  unprocessed oy
samplas.
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For Elabatu ;

4.7.2 Daio - Elabalu.
Judges Sam Samples | Difference
. e 118 581
| ] 7 4 _ 3
. 2y P8 SRS S
I S RN S 8 _ 1
BN SN E— L _ 1
5 7 L] 3
I - 7_ ] 1
I A 7__ 8 -1
8 7 8 -1
] ] 7 2
10 7 8 -1
11 8 7 1
12 7 8 -1
13 6 8 -2
14 8 7 1
_ 15 8 6 2
18 ] 7 -1
I | A _ 9 8 1 ]
18 9 6 3 '
19 8 8 0
_ .20 8 7 1
- 150 140 10
7.5 7.0 0.5

718 - Unprocessed (resh, cooked Elabatu sample.
581 - Minimafly processed, cocked Elabalu sampie.

*
L4

ﬂ"

L ]

Caolculaiod (-vale is 15223

T-valua of table s

2093

1.468 is noi graier than the table value (2.083),
Tha conclusion & thal there B no sgnificant ddference in
ihe Elsbalu, mnimally processed and unprocessed cury

samplos.
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For Banana blossom ;

473. Dala~ gamna blossoms

Judges . _Samples |  Samples Difference
— .34 J 628
A I | _ — 8 1
2 _ _.___ 8 y 8 -2
3 - I - i 7 1
N S S N 6 2
5 9 7 2
8 5 8 -3
7 7 4 3
8 8 6 0
9 7 6 1
10 _ 9 6 3
1 8 7 1
12 7 8 -1
13 9 6 3
I O 6 2
18 _ 8 8 1
_ 16 N i 3] 1
17 I 2 7 - 0
18 7 9 -23
19 8 8 -2
20 9 5 7y
Tol 149 134 18
_—'@59:;, I 745 " 8.7 0.75 -

314 - Unprocessed lrash, cooked Banana blossoms sample.
028 - Minimally processed, cooked Banana blossoms sample.

L ]

&>

Calculated t-value is1.89
T-valua obinin from isble iz 2.093.
189 s nol grater than the Wvalue 2093

» The conclusion is that thore s no significani diference in
cooked samplas,



Fig. 4 8 Picture of the raw materials
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CHAPTER-0S
CONCLUSIONS
Folloviing conclusions ware obioined from this siudy.

Banono blossoms ;

> Besl packing matarial is low densdy polypropilena.
> 8esi siorage {emperature is 8°C.
» Besi presesvalive Is SMS, concenirailon Is 0.1%.

LY

Opiimum sheif fife is 7 days,

immature jack feuit;

» Besi packing matearial is low densily polypropilene.
> Besi siorags lemperaiure is 8°C.

» Besi preservative is SMS, conceniraiion is 0.3%.
» Opiimum shelf fe is 4 days.

Elabaty ;

8esi packing material is low densily polypropiens.
Besi sioroge tempersture is 8°C,

\Y

Best presorvoiive is SMS, conceniraiion is 0.4%.

v v v

Cpiimum shoil ke 8 5 days.

WWWIWMGQGM

Rosdusd SO» omourd of the frosh ad ore o dossable lovel ©




Suggestions for further study ;

¥ Study about suitpble pack size for ihese fresh cut vegeisbles.( Surface
Volume rsiio ).
Y Find good allemalive lor SMS,
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APPENDIX;

PAIRED PREFERENCE TEST

[ 11 1o a——

Daia:
Produci-

~ Toasie these two samples and menlion how much you like or
dislike each one.

Like exiremely.

Like vary much,

Like moderaiely.

Like slightly,

Nether ke or dishke,
Oislike shghify.
Oislike moderalely.

N Wb O O N O O

Dislike very much,

-

Diskke extremely.

Sample No: Sample No:
716 318
Commaents;

4
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