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ABSTRACT

The physico-chemical properties, nutritional parameter changes and en-
zyme activitiesin different stages (Green, mature & Ripen) of Bari papaya-
1 (Carica papaya L.), the most available variety in Rajshahi zone, were
studied to obtain a comparative data on their nutritional qualities. The
physico-chemical parameters such as pH and moisture content of papaya
increased with its advancement of maturity. The ash and TTA content was
found to be maximum in mature stage but decrease in ripen stage. The
amount of total protein, water-soluble protein, free sugar, reducing sugar
and starch increases with advancement of maturity and was found to be
maximum in ripen stage. Lipid content wasfound to be maximumin mature
stage but lower in green and ripen stage. The minerals such as calcium,
phosphorus, sodium and potassium content of papaya flesh gradualy in-
creases with the change of maturity stages and wasfound to be maximum in
ripen stage, whereas the increasing level of iron declines in ripen stage.
Ripe papayais a very rich source of vitamin C as it contained the highest
amount (2820.2 mg/100 gm of flesh). Theactivitiesof hydrolytic enzymesin
the three stages of papaya flesh were also studied. The activities of pro-
tease, amylase and lipase were found to decrease with the advancement of
maturity stageswhileinvertase activities were maximum in ripen stage.
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INTRODUCTION

Health and nutritional problem continuesto bea
worldwide concern. Health profile of acommunity is
greatly influenced by itsnutritiond statusand lifestyle.
Bangladeshisoneof the poorest countriesof theworld
wheree ghty percent of the populationslive bel ow pov-
erty lindy. Nutritionistshaverai sed concern onthenu-

tritiveva ueof cooked food because dendity of themost
nutrients content like protein, carbohydrate, vitamins
and mineralsarelower compared to uncooked food@.
InBangladeshdifferent kindsof fruitsareavailablewhich
arerichinnutrients, vitaminsand minera sbut most of
them are expensive and seasonal. Papaya (Carica
PapayaL.) isone of the cheapest but most nutritious
fruit available round the year in Bangladesh. In
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Bangladesh green papayaisthe most popul ar vegetable
and ripens papayaiscond dered asaddiciousfruit pre-
ferred by al ages of people.

Papayaisan excdlent sourceof vitaminA and vita:
min CB. Nutritionally, papayaisagood source of cal-
ciumiron, potassium, magnesium and sodium. It also
containssmall amountsof thiamin, riboflavin. Pepayais
theonly food known to contain papain, theactive pro-
teolyticenzyme™. It al so contains some other enzymes
such aslipase, anylase, invertase etc. Analytical data
on papayaindicatethat it contains 106 volatile compo-
nents®. The value of papayaasamedicinal plant is
well known®, The United States Food and Drug Ad-
ministration (FDA) approved the use of chymopapain
for trestment of herniated lumbar intervertebra discain
human'®. Ripefresh papayaare used in preparation of
Jam, oft drinks, i ce-cream-flavouring, crystdlized fruits
and syrup. Papayacan be used asadiuretic (theroots
and leaves), anathematic (thefruits). Partsof the plants
are also used to combat dyspepsiaand other digestive
disordersand aliquid portion hasbeen used to reduce
toenlargedtongls. It aso eiminatesnecrotictissuesin
chronicwounds, burnsand ul cersdiphtheria, toothache
and fever. Papaya has several industrial uses.
Biochemica, theleaves and fruits are complex, pro-
ducing severa proteinsand alkal oidswith important
industrial applicationd”. Thebark of papayaplantis
also be used for rope making. Papayais one of the
cheapest but most nutritiousfruit inour country. Lim-
ited works were donein our country on the nutrient
contentsof papayaat different maturity stages. There-
fore, theaim of the present work wasto study the nu-
tritiona analysisand activitiesof hydrolytic enzymesof
Bari papaya-1 (Caricapapayal.), themost available
variety in Rgshahi zone a different maturity stages.

MATERIALSAND METHODS

Materids. Oneof thevarieties of papaya(Carica
PapayaL.), Bari papaya-1 was collected fromalocal
horticulture of Rgshahi and Bangladesh Agriculturere-
search Ingtitute (BARI), Ishwardi, pabna, Bangladesh.
The papayaswere stored in adeep freeze (-10°C) for
further experimental purpose. Glucose, BSA,
Dinitrosdicylicacid (DNS) and Sodium tungstate were
purchased from SigmaChemicasLtd., USA. Chloro-
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form, Ethanol and Trichloro acetic acid (TCA) were
purchased from PharmaciaFine ChemicasLtd., Swe-
den. All other chemicdsused werecommercidly avail-
ableand of high purity.

Prepar ation of crudeenzymeextract

Thegreen papaya (300 gm) wasweighted, cut into
small piecesand grinded in apre-cooled mortar witha
pestleand homogenized with 50 ml of cold 5mM phos-
phate buffer (pH 7.0) by usingahomogenizer. Thesus-
pens onwasthenfiltered through few layersof cheese-
clothinacold room. Thefiltratewascollected and clari-
fied further by centrifugationinarefrigerated centrifuge
at 6000 rpm for 15 minutesat 4°C. Theclear superna
tant was collected and saturated to 100% by adding
solid ammonium sulfatewith gentlestirring. The pre-
cipitate was collected by centrifugation at 6000 rpm
for 10 minutes at 4°C. Then the precipitate was dis-
solved inminimum volume of pre-cooled distilled wa-
ter, and dialyzed against distilled water for 12 hours
and against 5mM phosphate buffer, pH 7.0 for over-
night at 4°C. It wasagain centrifuged at 6000 rpm for
10 minutesto removeany insolublematerids. Theclear
supernatant thus obtai ned was designated as “crude
enzymesolution”.

M easur ement of amylase activity

Amylaseactivity wasassayed following themethod
as described by Jayaraman(®. 1% of starch solution
wasused assubstrate (1 gmin 100 ml of 0.1 M phos-
phate buffer, pH 6.7). The amylase activity was mea-
sured by estimation the amount of maltoserel eased by
it. Theamount of maltosereleased was cal culated from
the standard curve prepared with maltose. Oneunit of
amylase activity was defined astheamount required
for liberating 1ug of matosefrom starch per minute at
37°C.

M easur ement of invertase activity

Invertase activity wasassayed following themethod
of Mahadevan and Sridhart®. 2.5% sucrose solution
was used as a substrate. The invertase activity was
measured by estimating theamount of glucoserel eased.
Oneunit of invertase activity was defined astheamount
requiredfor liberating 1ug of glucoseand fructosefrom
break down of sucrose per minuteat 37°C.
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TABLE 1: pH and TTA of papayaflesh

Parameter Green Mature Ripen
PH 53 55 5.9
TTA ml of 0.1 N NaOH 0.045 0.05 0.04

TABLE 2: M oistureand ash content of papaya flesh

Parameter Green (gm%) Mature (gm%) Ripen (gm%)
Moisture 85.2+0.7 87.3+0.8 90.45+0.6
Ash 0.82+0.05 0.93+0.02 0.81+0.04

M easur ement of protease activity

The protease activity was measured following the
method of Kunitz!?%, Themilk protein caseinwasused
assubstrate. The activity was measured by detecting
therelease of amino acid (Tyrosine). The amount of
tyrosine rel eased was cal culated from standard curve
constructed withtyrosine. Oneunit of proteaseactivity
was defined astheamount required for liberating 1ug
of tyrosine per minute at 45°C.

M easur ement of lipaseactivity

Lipaseactivity wasassayed essentidly asdescribed
by Sugiharaet a.*!. Oliveoil was used as substrate.
Thelipaseactivity was measured by estimating there-
lease of fatty acids. Oneunit of lipaseactivity isdefined
asthe amount that liberates one u mole of fatty acid
under the specific condition. Specific activity of lipase
was expressed asthe enzyme unit per mg of protein.

Deter mination of pH and total titratable acidity
(TTA)

The pH of the papayaflesh wasdetermined by pre-
paringastandard buffer solution and totd titratableacid-
ity (TTA) wasdetermined by Folin method™2.

Degradation of nutrients

Moi sture content was determined by the conven-
tional procedure and ash content was determined fol-
lowing themethod of A.O.A.C.[*3,

Total protein content of papayaflesh was deter-
mined by the method of Micro-Kjeldahl™ and the
water-soluble protein content by the method of
Lowry™, BSA was used as substrate and protein con-
tent was cal culated from astandard curve constructed
with bovineserumabumin.

Freesugar content was determined caorimetrically
by the anthrone method!*®l. Glucose was used as stan-
dard substrateand sugar content wasca culated froma
standard curve constructed with glucose.
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Reducing sugar content was estimated by DNS
(Dinitrosdicylic acid) method*”). Extraction of sugar
from papayaflesh was donefollowing the method of
Loomisand Shull*® and theamount of reducing sugar
was cal cul ated from astandard curve constructed with
glucose.

Thestarch content of papayaflesh wasdetermined
by the anthrone method!*® and the amounts of starch
werealso ca culated from astandard curve constructed
with glucose.

Thelipid content of the different stages of papaya
fleshwas extracted by the sol vent extraction process.
For thispurpose, 1 gm of papayafleshwasfirst grinded
inaglassmortar and thelipid was extracted with pe-
troleum ether (40°-60°C): acetone(1:1 v/v) inaSoxhlet
apparatus asreported in theliterature'¥. The amount
of lipid was calculated using el ectrical balance. Each
anaysswasperformed intriplicatesand theaverages
weretaken.

Deter mination of minerals

Ca cium content of papayaflesh was determined
by thetitrimetric method”, Phosphorous content was
determined by themethod of Boltz?Y, Iron content was
determined spectrophotometrically by thiocyanate
method??, Sodium and potassium content of papaya
flesh wereal so determined by the method of Millner
and Whiteside?.

Vitamin-C content of papayaflesh wasdetermined
by theBessey’s titrimetric method4,

RESULTSAND DISCUSSION

ThepH of papayafleshwasintheacidicsdeof the
scale(TABLE 1). Theresultsindicatethat the acidity
of papayadecreasesgradudly with thechanges of ma-
turity. INTABLE 1 totdl titratable acidity (TTA) has
been expressed as ml of 0.1 N NaOH required per
100 gm papaya flesh. It was found to increase from
0.04t0 0.05.

Asdemonstrated in TABLE 2, themoisture con-
tentintheflesh of different stagesof papayavaried be-
tween 85.2-90.45%. The moisture content of papaya
increasesgradually with the advancement of maturity
andwasfoundto behighest inripen stage. Luthfunnesa
Bari'® obtained 94.41+0.1% moisture, whichisvery

e, BIOCHEMISTRY

Hn Tndéan g%wumé



56 Nutritional analysis and enzyme activities of papaya flesh Carica papaya L.

BCAIJ, 3(2) June 2009

Regular Peper ===

TABLE 3: Nutrient content in thedifferent sagesof papaya
flesh

Green Mature  Ripen

(gm%)  (gm%) (gm%)
Total protein 0.48+0.04 1.30+£0.04 2.20+0.08
Water soluble protein  0.38+0.03 1.1+0.02 2.05+0.01

Parameter

Free sugar 0.50+0.025 0.68+0.03 0.79+0.015
Reducing sugar 0.43+0.01 0.52+0.04 0.85+0.02
Starch 10.5+0.05 11.11+0.03 12.25+0.06
Lipid 0.3£0.02 0.5+0.03 0.45+0.01

TABLE 4: Calcium, iron, phosphor us, sodium and potassium
content in papayaflesh

Parameter Green (mg%) Mature (mg%) Ripen (mg%)

Calcium 100+0.8 120+0.5 140+0.9
Iron 11.68+0.02  15.85+t0.02  10.48+0.01
Phosphorus  11.5+0.1 20.2+0.2 30.8+0.15

Sodium 16.4+0.2 26.5+0.5 35.2+0.7

Potassium 80+1.6 90+2.5 130+1.5

TABLE 5: Vitamin-C (mg/100gm of flesh) content of papaya
flesh

Parameter
Vitamin-C

Green Mature Ripen
6.50+0.01 7.5t0.5 28+0.2

closeto our result. The ash content of different stages
of papayafleshwasfound to be highestin maturestage.

Theamountsof tota protein, water solubleprotein,
free sugar, reducing sugar, starch andlipid present in
theflesh of thedifferent stages of papayaareshownin
TABLE3.

Asgivenin TABLE 3, the protein content of pa-
payaisincreased with the change of maturity. Thisfind-
ing indicatesthat ripe papayacontains more protein
(2.20+0.08 gm%) than green papaya (0.48+0.04
gm%). Luthfunnesaet a®! obtained 2.01+0.04 gm%
proteinin 100 gm of fleshinripen stage. Theamount of
free sugar present inthe papayagradudly increaseswith
the maturity of the stage. The highest amount of free
sugar containin ripen stage. Thereducing sugar con-
tent of different stages of papayahasbeen shownin
TABLE 3. Thehighest amount of reducing sugar isfound
(0.85+0.02)% intheripen stage. Thepresent findings
indicatethat the reducing sugar areincreased gradually
up to theripen stage. The starch content in the three
stages of papayaflesh isvaried from 12.25to 10.5
gm%. The highest amount of starch (12.25gm%) was
foundin ripen stage and lowest (10.5gm%b) in green
stage. Thisfindingindicatesthat papayaisagood source
of carbohydrate. In green stagelipid content wasfound
to be 0.3+0.02% whereas in the mature and ripen stage,
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it was found to be 0.5+0.03% and 0.45+0.01% re-
spectively. In mature stage, papaya contains highest
amount of lipid than that of other stages.

Some minera ssuch ascacium, iron, phosphorus,
sodium and potassium from papaya flesh have been
determined. Theamount of calcium, iron, phosphorus,
sodium and potassium present in different stages of
papayaaregivenin TABLE 4.

Inripen stage, papayaconta nsthe highest amount
of calcium (140 mg%). Theresult indicatesthat the
amount of calcium increaseswith the advancement of
maturity. Theiron content inthethree stages of papaya
fleshisvariedfrom 10.48t0 15.85 mg%. The highest
amount of iron present in mature stage of papaya. The
present finding indicatesthat iron content of papaya
decreasesin ripen stage. Theamountsof phosphorus,
sodium and potassuminthedifferent stages of papaya
asoincreasegradudly with the change of maturity lev-
els. Thecontent of phosphorus, sodium and potassum
were ranged from 11.5 to 30.2 mg%, 16.4 to 35.2
mg% and 80 to 130 mg%o, respectively. Thesefindings
indicatethat papayafleshisagood source of mineras.

Theandytical vauesof vitamin-C of papayahave
been presented in TABLE 5. Inripen stage, theamounts
of vitamin-C arehighest and inthegreen stagevitamin-
C arethelowest. It isevident thevitamin-C content of
papayaincreasesgradually up to theripen stage. The
present finding clearly indicatethat ripe pagpayaisarich
sourceof Vitamin-C asit contains 28+0.2 mg/100gm
of fleshwhichisnearer to Luthfunnesaet. d./* asthey
obtained 31.0 + 2.2 mg of vitamin-C in 100 gm of
flesh.

Theactivitiesof hydrolytic enzymesinthethree
stages of papaya flesh are shown in TABLE 6. Pro-
teases hydrolyze peptide bondsin polypeptidesinto
amino acids. The proteolytic activity was measured by
detecting therel ease of amino acid, tyrosine by pro-
tease. Activity of proteasein thethree stages of papaya
was determined. The activitieswere varied between
31.52 to 40.25 unit/ml. In green and ripen stages
showed highest (40.25 unit/ml) and lowest (31.52 unit/
ml) amount of amylaseactivities, respectively.

Amylases play amajor rolein carbohydrate me-
tabolisminsaverd plant tissues (WHO 1985)28, Amy-
lase activitiesinthethree stagesof papayaranged from
32.51t021.15 unit/ml. The highest amylase activity
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TABLE 6: Activities of amylase, invertase, protease and
lipasein thediffer ent stages of papayaflesh

Activity of enzymes (Unitgml)

Enzymes

Green Mature Ripen
Protease 40.25+0.01 38.69+0.02 31.52+0.01
Amylase 32.51+0.02 28.25+0.02 21.15+0.03
Invertase 3.32+0.02 4.08+0.01  5.85+0.01
Lipase 11.32+0.02 9.55+0.03  6.94+0.04

wasfoundingreen stage (32.51 unit/ml) and lowest in
ripen stage (21.15 unit/ml)(TABLE 6).

Invertase, which hydrolyzes sucroseinto glucose
and fructose, occursin many plantsand microorgan-
isms. Theexpression and distribution of plant inver-
tases has been especially well documented, because
theseare considered to play animportant rolein sugar
metabolism?. Theinvertaseactivitiesin thethreedif-
ferent stages of papayaareshownin TABLE 6. These
activitieswere found to be varied from 3.32t0 5.85
unit/ml. Inripen stage showed the highest invertase
activities(5.85 unit/ml) whilelowest in green stage (3.32
unit/m).

Lipasesarelipolytic enzymescatdyzethe hydroly-
ssof fassaswell asestersof fatty acidswith acohol s,
Thelipaseactivitiesin different stagesvaried between
6.94 to 11.32 unit/ml. Among the stages, green and
ripen showed the highest (11.32 unit/ml) and lowest
(6.94 unit/ml) lipaseactivities, respectively (TABLE 6).
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