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ABSTRACT: Solanum incanurh. is an eggplant that is usually cooked beforesoomption. This study was designed to determine
the glucose level, activities of non-specific aaittl alkaline phosphatasesSnincanumstored under ambient condition (8) and
refrigeration (1€C) for 22 days. Glucose level was found to decreaggficantly (P<0.01)(from 0.588 + 0.006 to 0.389.002 %
fresh weight) inS. incanunstored in ambient condition and(from 0.588 + 0.696.413 + 0.002 % fresh weight) under refrigenatio
However, the decrease in glucose leveSofncanum(33.8%) stored under ambient condition was higBér71%) compared to that
stored under refrigeration. Acid phosphatase aygtafiso increased significantly (P<0.01)$nhincanumstored both under ambient
condition and refrigeration. The increase(from @®& 0.0002 to 0.0293+0.0004 pmol/min/g fresh wBigkas higher irS. incanum
stored under ambient condition compare& tmcanumstored under refrigerated condition (from 0.0035.@002 to 0.0240 + 0.0004
pmol/min/g fresh weight).

Alkaline phosphatase activity decreased (from (028006 to 0.008+0.0002 pmol/min/g fresh weighgngicantly (P<0.01) irS.
incanumstored under ambient condition. Under refrigeratibere was a decline in alkaline phosphataseipctf’S. incanunfrom
day 1 to day 4 and a subsequent increase from ttagdy 22. Storage reduced the level of glucos incanumthereby making it a
suitable diet in weight reducing programmes andhi& management of diabetes mellitus. Under refiiirmn, the increase in the
activity of alkaline phosphatase could be attriduteenhanced alkaloid biosynthesis that occulenatemperature.
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Introduction

Several species of eggplan8o{anum spp are cultivated domestically throughout Africa tbeir nutritive and medicinal values
(Grubben and Denton, 2004 & Sodipo, 20)lanum incanurh. is one of the species that is cultivated fomitgritive value. It is
usually cooked before consumption; it is not eatam like some species such &slanumm elongena, Solanum aethiopiand
Solanum giloS incanunis used as a vegetablein sauces, stews, soupsiged vegetable dishes (Aliyu, 2006.incanunis green,
long and ovoid in shape and turns yellow duringegie before it deteriorates.

Glucose is considered to be one of the main sugafsiits, hence contributes to their flavour amdte. Reducing sugar such as
glucose infruits like apples, bananas, tomatoed,manskmelonsincreaseduring storage due to the @hogak of polysaccharides to
sugars(Aliet al 2004, Adado and Gléria, 2005, Znidarcic and Pa2@06, Menon and Ramana Rao, 2012).Cells use guass
aprimary source of energyand as fuel for celluéspiration (Fairclougtt al2004). In humans, the maintenance of glucose level
the blood is an efficiently regulated system.Maiatece of blood glucose level is important becats#idws continuous supply of
glucose to the brain and red blood cells (VasudewehSreekumari, 2007). Disruption to the maintesasf blood glucose level can
occur as a result of the metabolic disease, diabetdlitus. The management of diabetes mellitusetbee puts great emphasis on
dietary control; this is achieved by the intakeliaft low in glucose and high in dietary fibre (Qleet al 2009).

Phosphatases are classified as acid and alkalvspphtases due to their optimum pH for catalysichvmay be below or above pH
7.0 (Sharmet al2004). In plants, these phosphatases play a tmotgain the supply and metabolism of inorganiogbhate for the
maintenance of cellular metabolism (Tabetdil 2007, Mishra and Dubey, 2008).

Turner and Plaxton (2001) reported that acid phatgse is important for the maintenance of adeqtratesport of inorganic
phosphate in banana during ripening. Agoreyo (2@1€) reported that acid phosphatase is the main-repecific phosphatase that
is responsible for the production and supply ofgamic phosphate during ripening in plantain fruits

Alkaline phosphatase has also been reported tonmved in catabolism and mobilization of starchd aucrose for synthesis of
essential oil in lemongrass (Ganjewetlal. 2010).

Fruits and vegetables are living tissues with ewritig metabolism and are subject to respiratiortewbpss and cell softening
throughout the post harvest system. Their ratesgiration doubles for every Trise in temperature. Reduced temperature however
decreases the physiological, biochemical and miclogical activities of fruits and vegetables (Wiek and Woldetsadik, 2004,
Worknelet al 2011).

This study was carried out to determine the efféctorage at ambient condition (8) and refrigeration (XC) on the glucose level,
activities of acid and alkaline phosphataseS.imcanum
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Materialsand M ethods

Plant material

Freshfruits ofSolanum incanurh. were purchased in New Benin market, Benin Qitigeria. The eggplants were divided into two
groups of 30 and stored for 22 days in order teedime for effective study of the parameters. Tingt fgroup wasstored under
ambient condition

(30°C), while the second group was stored under reftgm (10C). Samples were collected from each group at anat of 3 days
to allow enough time for detectable changes to obetween the days of storage. Analyses of glueoskactivities of acid and
alkaline phosphatases were then carried out.

Glucose extraction

Glucose was extracted fro®incanumby water extraction according to the method of viaga et al (1999) but with slight
modification. 5g of the sample was weighed and hgened with 15ml of distilled water in a mortardapestle containing acid
washed sand. The mixture was then centrifuged @ 40m using 80-2 centrifuge for 10min. The supem@was filtered with a
double layer cheese cloth. The filtrate was bditecbmin and allowed to cool. The extract was usedjlucose assay.

Glucose assay

Glucose analysis of the extract was carried outguaiglucose kit (Randox). 1.0ml of glucose reagers added to 0.1ml each of the
standard and extract. The reaction mixtures werahiated for 10 min at 3 in a water bath. The absorbance was measured at
546nm and distilledwater was used as control. Bsaywas performed in triplicate and glucose lexpressed as g/100g (%) fresh
weight (Agoreyo and Oghene, 2011).

Enzyme extraction for non-specific acid phosphatase (EC 3.1.3.2)

The enzyme extraction was done according to th&éadedf Murray (1980). 5 g db. incanumwere ground using chilled pestle and
mortar with acid washed sand and 20ml of chillech&Orris-HCI buffer (pH 7.6) containing 1 mM EDTA. €thomogenate was then
filtered through a double layer of cheese cloth egwkrifuged at 20,0009 using 80-2 centrifuge fomih. The supernatant was used
as the crude extract for the enzyme assay.

Enzyme assay for non-specific acid phosphatase (EC 3.1.3.2)

Acid phosphatase activity was assayed by addimpllo03mM a-naphthyl phosphate in 60mM sodium citrate bufidr$3 to 0.1ml
of the enzyme extract. The reaction mixture wasliated at 3 for 5min after which the absorbance was readdan# for 5min to
determineAA/minute. The assay was performed in triplicate an@l phosphatase activity expressed as pm@phthol released
min’g™ fresh weight. (Agoreyo, 2010).

Enzyme extraction for non-specific alkaline Phosphatase (EC 3.1.3.1)

The enzyme extraction was done according to thaadedf Murray (1980).

5g S incanumwere homogenized in chilled mortar and pestle aioimtg acid washed sand with 20ml of chilled 0.08bium
carbonate buffer (pH 10).The homogenate was fifteheough double layers of cheese cloth and ceigei at 20,0009 using 80-2
centrifuge for 20min. The supernatant was then asetie crude extract for enzyme assay (AgoreytQR0

Enzyme assay for non-specific alkaline Phosphatase (EC 3.1.3.1)

Alkaline phosphatase activity was assayed by ad@i®§ ml of enzyme extract to 0.5 ml of 3.6 mM swdithymolphthalein
monophosphate in 0.2 M 2—Amino—2-methyl-1— propdndfer (pH 10.2) containing 1 mM magnesium chleridhe reaction
mixture was incubated for 10 min at°@7and the reaction was terminated by the additio®.® ml of 0.1 M sodium hydroxide
containing 0.1 M sodium carbonate. Absorbance veasl rat 590 nm and the amount of sodium thymolpéithalkeleased was
estimated. The assay was performed in triplicati@baline phosphatase activity expressedrasl sodium thymolphthalein released
min® g fresh weight (Agoreyo, 2010).

Statistical analysis
Analysis of variance of data was evaluated by ttagistical analysis system (INSTAT SOFTWARE). Turkéamer multiple
comparison test was employed (SPSS Software ve2§ipto determine the statistical differences antbegmean.

Results

At ambient condition (3CC), the glucose level ofolanum incanunt. decreased significantly {©.01) by 33.8%; while under
refrigeration (16C), the glucose level dbincanunalso decreased significantly<{®.01) by 26.7% from day 1 to day 22. The
percentage decrease in the glucose leve&irmtanumwas higher in all the storage days at ambient iiond(30°C) compared to
those stored under refrigeration {0) (Tables 1 & 2).
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Table 1: Glucose leve of S. incanum at different days of storage under ambient condition (30°C)

Days of Storage Glucose level % Decrease
(% fresh weight)

1 0.5880 + 0.0060 0.00

4 0.5472 £ 0.0036 6.94

7 0.5256 +0.0018 10.61

10 0.5004 + 0.0018 14.89

13 0.4673 +0.001% 20.52

16 0.4507 + 0.0016 23.35

19 0.4224 +0.0012 28.16

22 0.3889 + 0.002%4 33.86

Values are mean + SEM (n=3)
Means with the same letter(s) are not significadffferent at p< 0.01.

Table 2: Glucose level of S.incanum at different days of storage under refrigeration (10°C)

Days of storage Glucose level (% fresh weight) e61Pase
1 0.5880 + 0.0060 0.00

4 0.5690 + 0.0015 3.23

7 0.5401 + 0.0022 8.15

10 0.5152 + 0.0042 12.38

13 0.4898 + 0.0024 16.70

16 0.4619 + 0.002'1 21.44

19 0.4385 +0.0018 25.42

22 0.4129 £ 0.0021 29.77

Values are means + SEM (n=3)
Means with the same letter(s) are not significadtfferent at P< 0.01

Under ambient condition (8G), the activity of acid phosphataseSnincanumincreased significantly (P<0.01) by 8.14 fold; vehil
the acid phosphatase activity of the samples stomelér refrigeration (IC) increasedsignificantly (P<0.01) by 6.67 foldnfralay 1
to day 22. The increase in the activity of adidgphatase @ incanumwas also higher in all the storage days at amizendition
(30°C) compared to those stored under refrigeratiofGLQFigs 1 &2).
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Fig. 1: Acid phosphatase activity of S. incanum at different days of storage under ambient condition (30°C)
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Fig. 2: Acid phosphatase activity of S. incanum at different days of storage under refrigeration (10°C)

Alkaline phosphatase activity & incanumdecreased significantly (P<0.01) by 3.59 fold mbent condition (38C) from day 1 to
day 22. InS incanumstored under refrigeration (10), the activity of alkaline phosphatase decreasguificantly (P<0.01) by 2.33
fold from day 1 to day 4 and then increased sigaiftly (P<0.01) by 2.21 fold from day 4 to day E&y6 3& 4).

0033

Alkaline phosphataie activity imale/ min/g fresh weightl

1 a 7 10 3 % 12 22
Dayz of torame

Fig. 3: Alkaline phosphatase activity of S. incanum at different days of storage under ambient condition (30°C)
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Fig. 4: Alkaline phosphatase activity of S. incanum at different days of storage under ambient condition (10°C)
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Discussion

Glucose levels under both ambientcondition andgefation in $lanum incanuni. showed a significant decrease (p<0.01) from
Day 1 to Day 22. However, the rate of decreasdunoge level ofS. incanunstored under ambient condition was higher (33.8%)
compared to that stored under refrigeration (26.7&@pples, bananas, tomatoes, and muskmelongagetin reducing sugarduring
storage has been reported (&dial. 2004, Adao and Gléria, 2005, Znidarcic and P@0806, Menon and Ramana Rao, 2012). Aydin
and Kadioglu (2001) also reported an increase uieage level in medlar fruits during storage. Melkiagh al. (2008) reported that
during storage of tomato reducing sugar contertiallyi increased and then decreased during latagest of storage. Increase in
reducing sugars such as glucose during storagbdeasattributed to the breakdown of polysacchafidesigars (Ganjewala, 2010).
Normally, reducing sugar decreases faster if tieehégh respiration rate as occurs in climactenit$ (Getinetet al2011).

Tembcet al (2008) reported that the rate of change in tetiglar could be an indication of rate of respiratiothe fruit. Hence, the
respiration rate gives an indication of the ratd@akdown of respiratory substrates such as staugars and organic acid. Starch
andsucrose are hydrolyzed to fructose and glucos@g storage inhoneydew melon and muskmelon tesas/a substrate for
respiratory energy production (Lester2008, Menod &amana Rao, 2012). In this study, increaseinraéte of breakdown of
respiratory substrateswithout a corresponding asmen the rate at which starch and sucrose amlyydd to fructose and glucose
will lead to a decrease in glucose level asobseiv&lincanum Also the decrease observed in the glucose @Iincanunstored
under ambient condition could be associated wighhilgher rates of hydrolysis of polysaccharideseninigher temperature without a
corresponding increase in the rate atwhich stamdnsacrose are hydrolysed (Getieetil 2011).

Acid phosphatase activity & incanumstored under ambient conditionand refrigerationsftb@ significant increase (P<0.01) from
day 1 to day 22. However, increase in acid phosgglesactivity ofS. incanumstored under ambient condition was higher comptred
that stored under refrigeration. The increase id phosphatase activity iB. incanunduring storage correlates with the finding of
Agoreyo (2010) who reported an increase in thevigf acid phosphatase in plantaMysa paradisiacal.) during ripening. It has
also been reported that the activity of acid phasgpde increased in indole acetic acid treated twrftaits (Olaiya, 2010). Acid
phosphatase activity also increasedPisum sativumand alfafa §ledicago satival.) under drought and salt stress respectively
(Ehsanpour and Amini, 2003).

Alkaline phosphatase activity decreased signifigaff<0.01) inS. incanumstored under ambient condition. However, under
refrigeration, alkaline phosphatase activity deseglafrom day 1 to day 4 and subsequently incregssdually until day 22. The
result of this study also correlates with the fimglof Agoreyo (2010) where the activity of alkalipkeosphatase decreased from the
hard green stage (unripe plantain) to the yellowhwgreen tip stage and subsequently increased thetiplantain was overripe.
Increase in alkaline phosphatase activitimcanumduring storage also correlates with what has bésereed in pearl millet seeds
in which alkaline phosphatase activity increasedndustorage (Jaiet al2004). Under refrigeration, alkaline phosphatastévity
increase from day 4 to day 22. This increasedagtofi alkaline phosphatase could be attributedrioaeced alkaloid biosynthesis
that occurs at low temperature. Machad@l(2007) reported a higher rate of glycoalkaloidstsgsis in potato tubers stored under
refrigeration than those stored under ambient ¢mmdiHence, irs. incanum refrigeration could also be responsible for thengjesin

pH of the fruit making it more alkaline and thusyduring the activity of alkaline phosphatase.

In conclusion, the findings of this study showedtthtorage reduces the level of glucos&imcanum thereby making it a suitable
diet in weight control programmes and in the mansge of diabetes mellitus in diabetic patients.

References

Adédo RC and Gléria MBA: Bioactive amines and casaivhte changes during ripening of ‘Prata’ banavdasa acuminate & M.
balbisiang Food Chemistrp0(4): 705-711, 2005.

Agoreyo BO: Acid and alkaline phosphatase actisitie ripening fruits oMusa paradisiacal. Plant Omics JournaB(3): 66-69,
2010.

Agoreyo BO and Oghene OA: Changes in glucose lef/&lggplant species during ripenintpurnal of Medicine and Biochemical
Researchl0: 12-16, 2011.

Ali MA, Raza H, Khan MA and Hussain, M: Chemicalaciyes in apple storage at room temperaturgernational Journal of
Agriculture and Biology(2): 568-571, 2004.

Aliyu HM: Proximate Analysis of Some Leafy Vegetesi (Roselle Jute and Bitter Leaffjternational Journal of FoodAgricultural
Resource8(1): 112, 2006.

Aydin N and Kadioglu A: Changes in the chemical position, polyphenol oxidase and peroxidase a@#witluring development
and ripening of medlar fruit®ulgarian Journal of Plant Physiolo®/7(3-4): 85-92, 2001.

Ehsanpour AA and Amini F: Effect of salt and drougtress on acid phosphatase activities in alféffedicago sativa..) explants

under in vitro cultureAfrican Journal of Biotechnolog®:133-135, 2003.

Fairclough SH and Houston K: "A metabolic measdmmental effort",BiologicalPsychology Journd6 (2): 177-190.

.Ganjewala, D., Nagaraja, C., Nayak, M.R. and D8vA. (2010). Effects of sodium nitroprusside otivéty of acid and alkaline
invertases and alkaline phosphatase in lemong@asifopogon flexuosuSteud) Watslnternational Journal of Plant
Biology1:9 — 12, 2004.

Getinet, H., Workneh, T.S and Woldetsadik, K. (20Etfect of maturity stages, variety and storagei®nment on sugar content of
tomato stored in multiple pads evaporative cod\érican Journal of Biotechnology0(80): 18481-18492

Grubben GJH and Denton OA: PROTA 2. Plant Resounédgopical Africa 2. Vegetables®onen and Looijenhv, Wagening en,
Netherland, pp. 484-487, 2004.

Jain A, Sharma AD and Singh K Acid and Alkaline Bbioatase activities in the Pearl Millet seeligernational Journal of

Agriculture and Biologys: 960-3, 2004.
Lester GE: Antioxidant, sugar, mineral, and phytaeat concentrations across edible fruit tissuesrange- fleshed Honeydew
melon Cucumismeld..). Journal of Agricultural and Food Chemistsf: 3694-3698 (2008).

Machado RMD, Toledo MCF and Garcia LC: Effect ghli and temperature on the formation of glycoalkisio potato tuberd=ood

Control 18: 503-508, 2007.

42



NISEB Journal, Volume 13, No. 1&2, pp38-43 (2013)

Melkamu M, Seyoum T, and Woldetsadik K: Effectppo$ and post harvest treatments on changes in sagtent of tomatoAfrican
Journal of Biotechnology(8): 1139-1144, 2008.

Menon SV and Ramana Rao, TV: Nutritional qualitynmiiskmelon fruit as revealed by its biochemicalpgrties during different
rates of ripeningnternational Food Research Journtd(4): 1621-1628, 2012.

Mishra S and Dubey RS: Changes in phosphate coatehiphosphatase activities in rice seedlings egos arseniteBrazilian
Journal of Plant Physiologg0:19 -28, 2008.

Murray DR: Some properties of an acid phosphatssated from the seed coats of developing pea sAedsals of Botany6: 499-
504, 1980.

Odetola AA, Iranloye YO and Akinloye O: Hypolipidén potentials of Solanumm elongenaand Solanum gilon
hypercholoesterolemic rabbiRakistan Journal of Nutritiol3: 180-187, 2004.

Ogiwara |, Ohtsuka Y, Yoneda Y, Sakurai K, Hakodard Shimura I: Extraction method by water followsdmicrowave heating
for analyzing sugars in strawberry fruii@urnal of the Japanese Society for HorticultureleBce68(5): 949-953, 1999.

Okolie VU, Okeke EC, Ehiemere Ol and Ezenduku OffedEs of Solanum incanuron postprandial blood glucose concentration of
normoglycemic Nigerian$akistan Journal of Nutritio8(10): 1631-1635 2009.

Olaiya C: Enzyme activity in bio-regulator treatemnato Solanum lycopersicgrgenotypesAfrican Journal of Biotechnolog9
(22): 3264-3271, (2010).

Sharma AD, Thakur M, Rana M and Singh K: Effectptdint growth hormones and abiotic stresses on geitioh, growth and
phosphate activities iBorghum bicolot.. Moench seed#frican Journal of Biotechnology: 308-312, 2004.

Sharma P and Dubey RS: Lead toxicity in plaBtszilian Journal of Plant Physiologl7: 35-52, 2005.

Sodipo OA: Studies on chemical components and samaemacological activities ddolanum macrocarpurhinn. Fruit (Garden
egg). Ph.D. Thesis, University of Maiduguri, Maiduig pp387, 2009.

Tabaldi LA, Ruppenthal R, Cargnelutti D, Morsch VRereira LB and Schetinger MRC: Effects of metanents on acid
phosphatase activity in cucumb@ugcumis sativuk.) seedlingsEnvironmental Experimental Bota®®: 43-48, 2007.

Tembo L, Chiteka ZA, Kadzere |., Akinnifesi FK afidgwira F: Storage temperature affects fruit qualitributes of BerZ4iziphus
mauritianaLamk.). African journal of Biotechnology(17): 3029-3099, 2008.

Turner WL and Plaxton WC: Purification and Chargetgion of banana fruit acid phosphateaRknta214: 243 — 249, (2001).

Vasudevan DM and Sreekumari S Textbook of Biocheyni&" Edition). Jaypee Brother Medical Publishers LtdwNeelhi. pp.
112-117, 2007.

Workneh TS and Woldetsadik K: Forced ventilatioramwative cooling: A case study on banana, papasenge, mandarin,
andlemonTropical Agriculture81(1): 1-6 2004.

Workneh TS, Osthoff G and Steyn MS: Physiologiaad ahemical quality of carrots subjected to pred post harvest treatments.
African Journal of Agricultural Researd(12): 2715-2724, 2011.

Znidarcic D and Pozrl, T: Comparative study of iyathanges in tomato cv. 'Malike'ycopersicon esculentuMill.) whilst stored
atdifferent temperaturefctaOeconomical et Informaticv (2): 235-243, 2006.

43



