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ABSTRACT

Pawpaw Carica papaya) ice cream was produced and papain extracted noripe pawpaw was added to it in
order to inhibit ice crystal formation. Vanilla im@eam was used as a control. Proximate composjtjamysiochemical,
sensory and microbial properties of the ice creammmes were evaluated using standard methods. Tdwnmate
composition result indicated high moisture conteftshe samples; pawpaw ice cream was significaft0.05) lower
(62.81%) than the control (65.64%). The ash andcdatents of vanilla ice cream (control) were digantly (p<0.05)
higher (0.78%) and (7.77%) respectively than tHahe pawpaw ice cream (0.45%) and (4.22%) respaygti However,
protein and carbohydrate contents were signifigaik0.05) higher in pawpaw ice cream (3.79% andb®%) than
vanilla ice cream (2.79% and 87.55%) respectivélye total titratable acidity (tta) of both sampleesd no significant
difference (p>0.05) (0.22% and 0.23%) respectivelgwever, they differed significantly (p<0.05) iatal solids, pH,
overrun and sugar contents. The meltdown rate efptwpaw ice cream (0.02g/min) was lower than didhe control
(0.03g/min), though they did not significantly (p86) differ. In terms of all sensory attributese tbontrol sample was
more preferred. The ice crystal perception testvgabthat the control had smoother and silky texthasm the pawpaw ice
cream sample which was slightly smooth and grittyarse/grainy, slightly creamy and gummy. The nfic@bload of

pawpaw ice cream was higher (3.6 x 103 cfu/ml) ttmencontrol (3.1 x 103 cfu/ml).
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INTRODUCTION

Papain is an enzyme that is found naturally in pepapayas (Shuren, 2008). Papain also known asypap
proteinase is a cystein protease (ec 3.4.22.2) enzyme prasempapaya Carica papaya) and mountain papaya
(Vascencellea cundinamarcensis) (Khouri, 1990). Historically, people harvest tieiszyme by slashing the skin of unripe
papaya and collecting the resulting sticky latéke kap which collected. People also cook with pmpapayas relying on

the green papaya to break up in the cooking preaedselease the enzyme (Dupras, 1990).

Commercially, papain is added to many preparatiesighed to tenderize meats. It is also used in @doun
debridement and other procedures and it is somsti@eommended as a dietary supplement for peopteexperience
digestive problem as the papain supplement can petple break down food so that they are easydestli(Shuren,
2008). However, in the dairy industry, the inhibitiof ice- crystal growth in ice- cream mix by di#dahydrolysate is
produced by papain (Damodaran, 2007).
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Ice cream which was derived from iced cream orroré& is frozen desserts usually from dairy proslistich as
milk and cream and often combined with fruit oretingredients and flavors (Beeton, 1991). Mostet@s contain sugar
although some are made with other sweeteners.nie sases, artificial flavourings and colorings ased in addition to or
instead of the natural ingredients (Beeton, 19®%hen it begins to freeze, the mixture is beatestdp the formation of

ice crystals resulting in light and creamy prodi@orski, 1995).

Ice cream can also be defined as a smooth swedtfamd prepared form a frozen mixture of creamlknoir
evaporated milk (or both), to which non fatty miklids are added. It also contain sugar (14% - 1@6julsifiers,
stabilizers, flavors and colorings, sometimes ratbut most often artificial. The additives, whiaht as emulsifiers and
stabilizers, are used to prevent heat shock anébthaation of ice crystals during the productiogess. The yield is the
increase in volume of a frozen product by addingalio known as “over run”. Air is added to iceareto improve its
ability to absorb flavorings and to facilitate segy. Without air, ice cream becomes heavy and so@gythe other hand,
too much air results in ice cream that is snowy a@mnd Ice cream with an overrun of 20% - 50 % woyilkeld a creamier
ice cream that melts quickly (Largetral., 1994).

Part of the fun of making ice cream is to make ap flavors and color and so fruits such as strawb&anana,
and apples are incorporated in the form of pureésea cream mix for flavor and color. More so, @eam manufactures
continue to develop new flavoring using nuts, beeoffee, tea, alaskas and fruit and one of theemecent has been the

introduction of ligeur- flavoured ice- creams (Dschk, 1972).

Papaya fruit is a rich source of nutrients suctp@svitamin Acarotenoids, Vitamin C, B vitamin,Lycopene,
Dietary minerals and variety of phytochemicalsslalso rich in energy, boosting natural sugars, ito saturated fats and
also rich in anti-oxidants such as beta-caroteit@min A, B, C, flavanoids, folate, and panthotleeacid. It also has small
amount of calcium (Ca), Chloride (CI), iron (Fe)ogbhorus (P), potassium (k) silicon (si) and sodiiNa). Previous

research has shown that pawpaw has remarkable imadiatues and is abundant in health benefitafda, 2004).

Ice cream becomes an issue of concern when it farensrystals due to temperature fluctuations dustorage

and handling of frozen foods.

There could also be the problem of poor producetiggment which in turn will affect the nutritionquality of
the ice cream. There is also limited informationtba use of papaya in ice cream production. Theofigawpaw in ice
cream production will add to the variety of prodons already in existence and the nutritional dyalf the ice cream will

be improved.

Therefore, the main aim of the study was to procheepaw ice cream and inhibit the formation of écgstals
using papain. The specific objectives were to extpapain form pawpaw (unripeCdrica papaya), to produce pawpaw
ice cream using papain as one of the ingredieatsatry out the sensory evaluation or the consuameeptance of the
pawpaw ice cream, to evaluate the proximate cortiposphysiochemical and microbial content of tlevpaw ice cream

with the inclusion of papain.
MATERIALS AND METHODS

The pawpaw used for the analysis was obtained fMdioro market in Ikwuano Local Government of Abi@ts.

Laboratory equipments and other materials usethfofaboratory work were obtained from Michael Olkplniversity of

www.iaset.us anti@iaset.us



Incorporation of Papain into Ice Cream: Impact on Pawpaw (Carica Papaya) Ice Cream Quality 9

Agriculture, department of Food Science and TedmplLaboratory and Central Service Laboratory ofiddeal Root

Crop Research Institute all in Umudike. All chenhiggagents were of analytical grade.
Preparation of Papain

The process of papain preparation involved cuttimg papaya (unripe) from top to bottom with razéade
making sure the cut was not more than 2mm deepnitipe papaya was held over the collection dilbwing the liquid
to drop onto the dish and this was done for abontiffutes (the papaya must not be squeezed to gdigthid out) the
collection dish was then placed into the oven alhgvthe liquid papain to dry for five (5) hourswas ready when it took
a crumbly using appearance and it was then tramesfénto an air tight container using a stainlgssos and stored in a

cool, dry place (Bailey, 2011).
Production of Ice Cream

The process involved the blending of the mixturé®ggs, milk, sugar, fat, and then pasteurizingitbany
existing bacteria and then homogenizing to proguoeiform texture. The mixture was cooled and esbeblend flavors
and then poured into stainless bowls and then ddol@ soft serve consistency. The ripe pawpaw lwhas been washed
sliced and blended into puree as well as 5g ofipapare added together with other flavorings arehtblended for even

distribution. The finished product is then allowecharden before storing in the freezer.

Unripe pawpaw

Washing (wet ieming in water)
Cutting the body using razor blade (not more than 2mm deep)
Collecting the result liquid (in a dish for 6 minutes)
Drying using oven (5 hours)

Dried papain

Figure 1: Flow Chart for the Preparation of Papain

Ripe pawpaw fruit

Washing (wet cleaning in water)
Peeling (with knife)
Slicing (with knife)

Blending (using blender to obtain a puree)

Ripe pawpaw puree

Figure 2: Flow Chart for Pawpaw Puree Production
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Mixing of the ingredients (egg, milk, sugar, fat)

Pasteurization (to kill existing bacteria)|
Homogenization (to produce uniform texture)
Resting or agingi(m blend flavors)

Addition of ripe pa%vpaw puree and papain (5g)

Pawpaw ice cream |

Figure 3: Flow Chart for the Preparation of Pawpawlce Cream Mix

The proximate composition of the pawpaw Carica papaya) ice cream and a control (vanilla ice cream) were

determined using the methods of Beeton (1991).

PHYSIOCHEMICAL ANALYSES

Over Run

Percentage overrun which is the added air to thdymt was determined according to tdual. (2004) as:

Owverrun = weight of cup mix — weight of cup of ice cream =x 100

weight of cup of ice cream

Melting Rate

Melting rate was carried out for each sample adogrtb Tharpet al. (1998) with slight modification. Melting
property was analyzed for hardened ice cream (28%:) which was placed on a sieve (2mm wide, squaemiog). The
volume of the melted ice cream was measured amided at every 5min until the time of 60 min wasateed. A plot was
created of mass of drip loss divided by the totabsnof the ice cream sample versus time and tpe slothe main melting

event was taken as the melting rate.
Total Titratable Acidity (TTA)

This determination was carried in accordance withrhethod by AOAC (1995), distilled water (100mBsaput
into a conical flask. Five (5) ml of the sample @&drops of phenolphthalein indicator were addethéodistilled water in
conical flask. The mixture was titrated againstlN.8olution of sodium hydroxide. The end point wasched when a

change of colour was observed after adding a dftipeosodium hydroxide solution.

% titratable acidity = average titre x 0.09008
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pH

The pH was measures directly using a pH meter (deys model) twenty (20) ml of the sample was jpug i
50ml glass beaker. The electrodes of the pH metee wut inside the ice cream and pH reading wak deactly from the

screen of the meter when the pointer became steady.
Total Soluble Solids

This was determined using AOAC (1995) method. Twoofmthe sample was measured with a previously
weighed evaporating dish. The dish and sample nomtas put in a carbohydrate moisture extractiomnoat 108C. The

sample was evaporated to dryness and dried tostardrweight. It was allowed to constant weight whtined.

Calculation

% total solid = W3 —W1 x 100

W2 —wWi1

Where:

W1 = weight of moisture can

W2 = weight of can sample before drying

W3 = weight of can sample after drying.
MICROBIAL ANALYSIS

The microbial content of ice creams depends largafy the quality of the ingredients used for their
manufacturing. Milk, cream, sugar, water, etc aocemally blended and pasteurized and their microbialints are
generally low but flavourings, colorings agentsppga fruit which were added to the mix after thetearization can also
be a source of contamination. In addition, postst@arization can also occur from unclean equipmemtd air
incorporation. The number and types of spoilageigms will depend on the extent of post pastetivizaontamination
and one time temperature exposure. The present stteduated the microbial quality of pawpaw iceatneand vanilla ice
cream and 50ml of each sample of were taken tdatieratory in an insulated container and were testenediately for
microbial quality. Dilution of the melted ice creassamples were made up to 2Qising 0.1% peptone water and selected
dilution of each sample were used for the estimatibvarious microbial loads per gram of the samplee microbial
qualities were evaluated by estimating the totablé count (TVC) Lancette and Benette (2001). Tountwas expressed
in logy cfu/g. The data obtained from the above study veetgiected to statistical analysis following thevgedure

described by Rangaswami (1995).
SENSORY ANALYSIS

Sensory analyses were carried out using the metlesdribed by Ihekoronye and Ngoddy (1985). A 20iseamned
panelist were used to rate the sensory attributesppearance, taste, mouth feel, flavour (1 = kksliextremely, 5 =
neither, Neither like nor dislike, 9= like extremelwere used to score the product. In additiontht® sample, another

sample (vanilla ice cream) a commercial ice creamlypced by Crunchies Fried Chicken Umuahia was aseadcontrol.
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Ice Crystal Perception Test

The ice crystal perception test was carried out syectively using trained panelists to perceive thece

cream texture (mouth feel).
STATISTICAL ANALYSIS

The result from proximate, microbial, physiocherhicand sensory were subjected to analyses of w@@ian
(ANOVA) according to Rangaswami (1995). Statisticalalyses of data were carried out using ANOVA &RISS

version 15.
RESULTS AND DISCUSSIONS

The result of the proximate composition of pawpa ¢ream produced by incorporating papain to thecieam
mix is shown in table 1. Moisture content of thentrol (vanilla ice cream) (65.64%) was significgntiigher (p<0.05)
than that of pawpaw ice cream (62.81%). Moistumetent is an index of water activity of many foaixl the observed
high moisture content in the ice cream samplesisndication that as expected they may have a giwff life since
spoilage micro organisms thrive in foods havinghhigoisture and also indicates how total solid (Agegt al., 2006).
Ash content which is an index of mineral contenbiota (Eneche, 2005) was lower 0.45% in the pawjgawream and

significantly differed (p<0.05) from the control7/@%.

Also, pawpaw ice cream sample had a lower fat cirfe22%) than the control (7.77%) which could ynthat
the control (vanilla ice cream) requires a betterage condition to prevent rancidity. Howeversfatovide texture to
foods, hold water, provides mechanism for heatsfiexnat higher temperatures and act as a carnieiafasoluble flavor
molecules (Onimawet.al, 2006). Fat also plays an important role in imfmgwvthe consistency and mouth feel of ice
cream (Christian and Greger, 1985). A study caroetdby Meydani and Ha (2000) also reported thatabnsumption of
low fats ice cream can promote weight loss. Thadrobsample had significantly (p< 0.04) lower piiaté€2.79%) than the
pawpaw ice cream sample (3.90%). This differengaratein could be as a result of the presence pdipancorporated in

the pawpaw ice cream, as papain is a proteinougyantDelbridge, 1988).

Carbohydrate content of the control ice cream samas 87.55 % and 92.55% in the pawpaw ice credm. T
significant difference (p<0.05) in the carbohydratatent of the samples might be as a result ofrtberporation of the
pawpaw puree to the ice cream. The protein coraérthe control was increased while its carbohydiaatent was

decreased and this was in line with increase itepr@nd subsequent reduction in carbohydrate (Khb890).

The physicochemical properties of the Pawpaw amtiMace cream samples were shown in table 2. [Tsutbds
of the control (34.36%) was significantly lower (b85) than that of pawpaw ice cream (37.19%). Tdlaes obtained for
both samples were higher than that (20.77 — 24.2@épgrted by Milleret.al. (2000). Liet al. (1997) found that ice creams
with a high amount of total solids (39%) ( the sohthe fat, milk solids-not-fat, sugars, stabilsesnd emulsifiers) melted
faster than did those ice creams containing lowwar®of totals solids (33%). This, they argued, waxbably due to the
effect of dissolved solids on lowering the freezimgint. Similar results were reported by Kurultetyal. (2010) who
reported that melting rapidly increased with insiag total solids from 20, to 30, to 40%. Ice cream with low total
solids (high water content) has proportionately enaater to freeze than a higher total solids mixv(lwater content)

hardened to the same storage temperature. Thesutds of the ice cream mix is directly relatedice crystal size
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distribution (Flores and Goff, 1999) and lower tatalids ice cream contains larger ice crystBisnhoweet al., 1991).

There was no significance difference (p> 0.05) lie #' of the vanilla ice cream and pawpaw ice cream
(6.52% and 6.67%) respectively although, the comsmanple had lower acidity (B 6.52). The result of this study is in
line those reported by O’ Nedt al. (1979); Sokolinskat al. (2004) who indicated that the pH values of iceaore
decreased during the manufacturing process from t(4.34). The pH of all samples were near neykhland since
lower pH (acidic) in foods helps to reduce the\attiof spoilage microorganisms it implies that #ié ice cream samples
may have low shelf stability. Thus, there is némdcold storage in order to extend its shelf digb{Umelo et al., 2014).
There was no significant difference (p> 0.05) ia thtal titratable acidity (TTA) of vanilla ice @m (control) (0.23%) and
pawpaw ice cream (0.22%). Ice cream with very lotaltacids could encourage the growth of proteolstid lipolytic

bacteria which are implicated for deterioratiorioaf cream not adequately refrigerated (Unetlal., 2014).

The overrun result of the control was lower (63.71#@n that of the pawpaw ice cream (69.77%). eam
containing a high amount of air (high overrun) tema melt slowly (Goff & Hartel, 2013). Air celltas an insulator and
slow the ability of heat to penetrate into the @eam and melt the ice crystals, thus reducingréte of meltdown
(Sofjan & Hartel, 2004). Sakurai al. (1996) found that ice creams with low overrunsteghuickly, whereas ice creams
with high overruns began to melt slowly and hadadymelting resistance. This slower melting ratthimice creams with
high overrun was attributed to a reduced rate af ansfer due to a larger volume of air but mayp &#e due to the more
tortuous path through which the melting fluid mflistv (Hartelet al., 2003).

From the result as shown in figure 3, the pawpacieam sample at (5, 10, 15, 20, 25, 30, 35, 306@, 55 and
60 minutes) had a lower melt down value (0.02g/rttian the vanilla ice cream (control) sample (0/68qg) at the same
time rate. This could be as a result total soligssent in the pawpaw ice cream and conforms toliservation of Reuben
(2016) for a desirable ice cream. According to étial. (1974) melt down stability is important as it eMaes the effect of
fat globule size and fat agglomerate size. The -dmhin rate of ice cream is affected by many factorsluding the
amount of air incorporated, the nature of the igstals, and the network of fat globules formedntyfreezing (Muse and
Hartel, 2003). A slow melting rate and good shagiention are generally considered desirable gealith ice cream
(Reuben, 2016). Ice cream has three main structuralponents: air cells, ice crystals, and fat gle®uwhich are
dispersed throughout a continuous phase of unfreakition (Muse & Hartel, 2003). These componeffecathe melting
rate. Structural attributes include propertiestef &ir phase (overrun and air cell size distribytidat phase (total fat
content, fat globule size distribution and extehfad destabilisation), ice phase (ice phase voland ice crystal size
distribution), and the continuous phase (viscogitigrtelet al., 2003).

Table 3 shows the sensory result of the vanillamgpaw ice cream. The control (vanilla ice creaempple was
more preferred in terms of taste, color, flavor,uthofeel and general acceptability than the pawmaiscream. All the
sensory attributes were significantly different Qu35) in both samples. The difference in colorhe ice cream samples
could be as a result of the incorporation of thevgmav fruit to the ice cream to make up new flavarsl colors
(Beeton, 1991). The difference in taste of pawpaavdream could be as a result of the peculiar pavifzvor as well as
the papain which was added to inhibit ice crystalhfation, which imparted a slightly bitter tast@pBin produces an
unpleasant bitter sensation on the tongue andtthrioan taken (Shuren, 2008). Flavor difference @¢@lo be as a result

of the natural odour associated with ripe pawpaut Wwhich produces an unpleasant after smell whesxposed to air.

As shown in table 4, the pawpaw ice cream sampkesm@ooth but slightly gritty, coarse or grainy ahig could
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be attributed to sudden temperature fluctuatiorat(lsbock) during refrigeration storage which caubedinitial tiny ice
crystals that were formed and made it smooth tmimecenlarged as they melt and refreeze, thus bagolaiiger in size
(Simonite, 2008) as well as probable lactose cig;stasoluble and milk solids suspended in the agaghase and the
colloidal nature of the ice cream mixes. It coulsoabe due the quantity of total solids in the skn{Reuben, 2016).
The smoothness and creaminess of pawpaw ice crealoh further be attributed to the incorporatiorpapain into the ice
cream which has been reported to be effective éwgnmting large ice crystals formation (Damodard@7) as well as the
activities of the stabilizers. Stabilizers are hoghilic colloids which impart a higher viscosity tbe mix, maintain
homogeneity and prevent the growth of large icestalg during aeration/ freezing, which tend to mieecream coarse
(Klahorst, 1997).

The crunchiness and gumminess observed in the saoopilld result from the pawpaw used in the ice mrea
production which affected the viscosity. The vanite cream sample was observed to be smooth dydisitexture
probably due to a more controlled refrigeration perature used as it was purchased from a commediit (Crunches)
which has a more stable light supply. It could aissult from the type of stabilizers used in theduct. During serving
and consumption, stabilizers contribute to unifamaltdown, mouth feel and texture. A stabilized éateam is one that
resists or retards structural changes in a dynamidronment. Although a group of viscosity-prodgrigums and
hydrocolloids exists (generally referred to as "sheilizers"), it's important to note that othéaneents also contribute to
ice cream stabilization: naturally occurring milioteins; emulsifiers; and heat and mechanical @sing (pasteurization,
homogenization and freezing. (Klahorst, 1997). Timgariably implies that ice cream stabilizationpdads on its
composition and ratios. The quantity of total selid the vanilla ice cream could also be respoedibt its smoothness
and silkiness (Reuben, 2016).

Table 5 shows the microbial load of the vanilla galvpaw ice cream samples. In both ice cream sample
Lactobacillus spp were identified, however the wiial load was higher in the pawpaw ice cream sani@l6 x 16
cfu/ml) than the vanilla ice cream (3.1 x*tu/ml). The microbial load for both samples washivi acceptable range for
dairy products (Jay, 2000). Organisms that weratifled in the samples includeactobacillus spp, Bacillus spp and
Micrococcus spp.Lactobacillus bulgaricus, Streptococcus thermpophilis were reported as beneficial bacteria found in ice
creams which exert probiotic effect (Trindade, 20%ccording to FAO/WHO (2001), ice cream whichaidunctional
food must contain at least 00"cfu/g probiotic bacteria (lactobacillus) becauseythonfer health benefits to their hosts.
Nevertheless, both ice cream samples were shdineatquired load for probiotic bacteria. . Therdase in the count was
as a result of freezing and thawing which mayosesty damage the cells, causing death (lethalcéff or inhibition of
multiplication and/or interruption of metabolic &ty (sub lethal effect), which could defeat thetgntial advantages of
probiotics (Forestt al., 2008).

Ice cream is beneficial to human health becaus¢hefbacteria it contains (Fedeéh al., 2009) although

guantitative standards for ice cream bacteria d{ffamline and Death, 1980).
CONCLUSIONS AND RECOMMENDATIONS

This study has shown that pawpaw ice cream is tmrdal and had good physiochemical and organoleptic
properties which did not differ much from the comoi@l vanilla ice cream. Pawpaw ice cream productiould add to

already existing ice creams in terms of coloundtaand variety. Further study should be carriettouetermine the shelf
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life of the pawpaw ice cream. Also study on howirtibit the unpleasant slight bitter after tastecesated with papain
and the flavor in the pawpaw fruit. Finally but ribé least, objective study on ice crystals infobiin pawpaw ice cream.
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APPENDICES

Table 1: Proximate Composition of Pawpaw Ice Creamand Vanilla Ice Cream

Pawpaw | g5 g0 * 504 | 048X 0.00 | 422 F 0.02] 3.79° £ 0.01 | 9255 0.01
Ice Cream

\é?gg'rﬁ Ice | s564F 022 | 078X 000| 777501 | 279 008 | 87.5%  0.20
Control 0.012 0.001 0.024 0.045 0.017
LSD(O.OS'

Means with different superscripts aransigantly different (p<0.05)

Table 2: Physiochemical Properties of Pawpaw and Vélla Ice Cream

IF;ZWpa"" 3719 £ 0.04 | 6.67EX 0.02] 022 0.01| 69.77 0.10| 46.82 = 0.03| 0.02 % 0.06

Cream
Vanilla
Ice

Cream
Control 0.019 0.036 0.006 0.028 0.028 0.001
LSD (.05
Means with different superscripts are significaiffiedent (P<0.05)

34365 022|652+ 000| 023E 000 63.72E 0.64] 38.47 F 0.02] 003 % 0.03

Table 3: Sensory Evaluation of the Pawpaw Ice Creamnd Vanilla Ice Cream

Pawpawicel 60172 | 5.8 139| 585191 | 605200 | 61T 129
vanllaice | 752105 |76 o083 7r=097 | 7.3 To98 | 7.0F 097
Control 0.261 0.185 0.117 0.103 0.1112
LSDi.s

Means with different superscript are digantly different (p< 0.05)

Mass Drip Loss/Total Mass of Ice Cream
Versus Time

Drip Loss/Total Mass (g)

0 A T T T T T T T T T T T 1

5 10 15 20 25 30 35 40 45 50 55 60

Time (min)
=—4=—Pawpawlce Cream  ==Vanillalce Cream

Figure 3: A Plot of Mass of Drip Loss/Total Mass ofce Cream versus Time
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Table 4: Ice Crystal Perception Test of Pawpaw anWanilla Ice Cream

Samples Observation
Pawpaw Ice smooth and slightly gritty, slightly cream
Cream and gummy slightly coarse or grainy and

<

crunchy

Vanilla Ice Cream | smooth, silky texture

Table 5: Microbial Analysis of Pawpaw Ice Cream andVanilla Ice Cream

Samples | Cfu/ml Organism ldentified

Pawpaw | 3.6 x 16 | lactobacillus spp, bacillus spp, streptococcus spp
Ice and micrococcus spp

Cream

Vanilla 3.1x1G | lactobacillus spp, bacillus spp, streptococcus spp
Ice and micrococcus spp

Cream
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