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Abstract - Irvingia species are economically important fruit
trees.Although the phytochemical qualities of its rlits are
known, the relationship between postharvest diseasand
various phytochemicals composition are yet unknowrtlence
in this research, the changes that occur in posthaest
Irvingia fruit waste at different days after harvest (DAH)was
assessed with respect to brownish-black rot diseasand
phytochemical contents (alkaloids, flavonoids, sapins and
tannins). Results showed that whilst overall weigled mean
severity of brownish-black rot diseasewas 36.57%,
phytochemical contents per gram of postharvestirvingia
fruit waste were alkaloids (55.98mg), flavonoids (#64mg),
tannins (43.07mg), and saponins (24.98mg).

Correlation/regression analyses showed that browrlis
black rot disease was significantly < 0.05), positively
related to tannins (Pearson coefficient = 0.73) andlkaloids
(Pearson coefficient = 0.69). Brownish-black rot ofrvingia
fruits potentially influences the quantitative conent of
phytochemical, and this work provides the prerequige
knowledge of when to maximally exploit the differen
phytochemicals inherent inl rvingia fruits wastes.

Keywords — Brownish-black Rot Disease]rvingia Species,
Phytochemicals.

|. INTRODUCTION

the populace. New options would most likely be igad
acceptable by majority of locals in southern Nigefithey
are centered on fruits likevingia which they consume or
are already familiar with.

Irvingia species is an under-utilized edible African fruit
tree that grows in the humid lowland tropical faresnes
of West and Central Africa (Harris 1996). Commonly
called bush mango in Nigeria, it bears climacterango-
like fruits which are green in color when unripet bu
become yellow when ripe (Etebu 2013; Harris, 1996).
Irvingia is greatly valued especially amongst local farmers
and traders who depend on it for their livelihobdth as
source of food and means of income. The pulp ofrhie
is usually eaten fresh mostly by harvesters as acksn
whilst extracting the kernels (Ayukt al, 1999). The
Kernels are generally considered the most valuadaleof
the fruit because they contribute to the nutritipna
economic and health status of consumers (Agbcal,
2005; Ndoyeet al, 1998; Ngondiet al, 2005). In
particular, Irvingia gabonensis seeds  contain
phytochemicals with anti-oxidative properties, dmalve
been associated with the prevention and or tredtroen
diabetes, and cardiovascular diseases. They hiaee a
been shown to aid the reduction of cholesterollteue
blood and in the control of obesity in Cameroon didj

There is a growing interest and awareness in theal, 2005). The fleshy part of the fruit on the othend
consumption of diets rich in fruits and vegetalilesause s often discarded as waste and left to rot in dsjmater
several studies have shown that secondary metolithodies and nearby bushes despite the fact themstitutes

generally called phytochemicals, occurring natyrafi
fruits and vegetables are able to significantlyuadthe
incidence of cardiovascular and some other chranid

over 80% of the fruit (Etebu, 2012, 2013), and doul
potentially serve as feed for pigs, and in the potidn of
fruit drinks, wine, jam and other syrups (Ayuk &t 4999;

degenerative diseases associated with oxidativeagam akubor, 1996).

and aging (Ames 1993; Tripo#t al, 2007; Block et al.,

Whilst the presence of antioxidants and phytochahmic

1992: Howe et aI., 1992; Steinmetz anq Potter,. ,199“:] |rvingia seeds have |Ong been known (Agkm)raL
1996; World Cancer Research Fund/American Institite 2005; Ndoyeet al 1997; Ngondiet al., 2005) their

Cancer Research, 1997; Joshipura et al., 2001 ;aBazet
al., 2002; Kris-Etherton et al., 2002).

Knowledge on the benefits of consuming diets rith ifleshy exocarp equally possess

fruits and vegetables has elicited a correspondisgonse
by governments and practitioners in the agro-ingust
most countries which has led to increase in thelymtion

presence in the fleshy pulp was investigated oatgmtly
(Etebu, 2012, 2013), and these studies showedtlieat
alkaloids, sappnins
tannins, flavonoids and glycosides.

Whilst not downplaying the importance of these &sd
(Etebu, 2012, 2013), it is worth noting that theessment

of fruits (Sanrarapt al, 2012). Sadly, the same responsef the different groups of phytochemicals was only

cannot be said of most developing countries such
Nigeria. In order to make similar progress in depéig
countries like Nigeria, there is the need to exploew
options to improve fruit consumption patterns amet¢by
improve the health status and increase longevitgreayst

g6alitative. No attempt was made to objectivelyrdifa
the different groups of phytochemicals inherenttfire
fruits’ fleshy exocarp. Furthermore, amongst other
reasons, phytochemicals in plants are generallyrteg to
help the plant ward off pathogenic infections anldeo
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forms of invasions (Ashihara al, 2008; Wink, 1998). It boiled in a water bath for 5 minutes. The mixturesJeft
would be interesting therefore to study the po#ntito cool and thereafter filtered. To 2 ml of filleawas
relationships between disease and different groofps added 1ml of Mayer’s reagent. The formation of eaony
phytochemicals in postharvestvingia fruits. Also, an white precipitate indicated the presence of alkloi
objective and quantitative assessment of the Flavonoids: Eight (8) millilitre of ethyl acetate was
phytochemicals of postharvedtvingia fruit waste is added to 2 ml ofrvingia pulp in a test tube and brought to
paramount to unlocking the potential health, indaksand boiling for 1min in a water bath. It was thereafteit to
economic benefits of this fruit waste. cool and filtered. 4 ml of the resultant filtrateasvthen
In this research, therefore, the changes that omtur mixed with 1ml of 1% Aluminium chloride solutionh&
postharvestrvingia fruit waste after harvest was assessefibrmation of a yellow upper layer which persistedttie
with respect to brownish-black rot disease angdresence of 1ml dilute ammonia solution indicatkd t
phytochemical composition. Findings from this workpresence of flavonoids.
would avail us the needed information to furthetramt Saponins: Five (5) milliliter of distilled water was
and exploit phytochemicals of interest to maximizeir added to 1 ml ofrvingia fruit waste extract and boiled in

health, economic and or industrial benefits. a water bath for 5mins. The mixture was then fiter
while hot. To 1 ml of filtrate 2 drops of olive oWas
Il. M ATERIALS AND M ETHODS added in a test tube. The tube was thereafter doske
shaken vigorously for about 60 seconds. The folonadf
A. Samples Collection and Experimental Design a stable frost indicated the presence of saponins.

Irvingia fruits were harvested from a natural forest Tannins: Two (2) milliliter of Irvingia fruit extract was
situated in Amassoma town (Lat. 48N Long. added to 10ml of distilled water in a test tube boifed in
6°0634" E) of Bayelsa state, Nigeria. A total of 600 fresif water b_ath for 5 minutes. The resultant Mixturges w
and green fruits were randomly selected and spth & filtered while hot and allowed to cool. To 1 ml fdfrate
machete to extract the kernel, and the exocarphwisic Was added 1ml of ferric chloride. A bluish-black or
usually considered waste by locals were thereaftéfoWnish-green precipitate indicated the presente o
separated into three replicates (200 fruits pelicage). A {@nnins. A relative increase in the amount of mémie
quadrant measuring about 3m x 1m having three eqdflicated a corresponding higher amount of tannins
compartments of Im x 1m was constructed and fruifesent. _
wastes from each replicate were spread in eadreahtee D. Quantification of Phytochemicals _
compartments of the quadrant respectively. The qumad ~One hundred (100) gram of slurry obtained from
was bordered with net to exclude reptiles and thigsf qualitative assessment procedure as described atase
were left to decay for 6 Days after harvest (DAH). evaporated in a water bath at 70°C until dried boua
B. Postharvest Disease Assessment 20g. The dried residues were thereafter treategiious

At the onset (day 0) of the experiment 15 fruitzave Ways to assess and quantify the different groups of
randomly selected each from all three replicatestheir Phytochemicals  (alkaloids, flavonoids  saponins  and
postharvest spoilage status were individually assks tannins). _ o ,
based on brownish-black rot disease symptom asibledc Alkal_0|ds: Alkaloids were quantitatively dqtermmed
by Etebu (2012). The average disease score of ui fraccording to the method of Harborne (1973). Fiaemgof
wastes (representing one replicate) was recordethes Irvingia re5|due_ (equivalent to 25grams [mfllngla fr.mt
score for each replicate. Assessment of postharvd¥é@ste slurry prior to evaporation of moisture) wiast
spoilage status of the fruits was repeated on thengl §  dissolved in 50 ml of 10% acetic acid and made aip t
day after harvest (DAH) respectively. Severity oft00ml with ethanol. Thg mixture was filtered amhrs
postharvest spoilage was determined visually by tfd then concentrated in a water bath to a quaftés
proportion of fruit area affected by brownish-blambt original volume. Concentrated ammonium hyerX|des wa
disease and expressed in percentage as prescdbedtlpreafter_added dropwise to precipitate alkal@ids pf
Etebuet al. (2003, 2009). the solution. The process was continued until the

C. Qualitative Phytochemical Assessment precipitation was completed. The filtrate was tfitared
All fruits selected for assessment of postharvesgase ONtO @ pre-weighed Filter paper. The collected ipriates

on the &, 39 and & day after harvest were separately'e'e further washed with 1% ammonium hydroxide, and
washed in running tap water at room temperaturd!€ alkaloid residue together with the pre-weigfitter
Thereafter, unguantified amount of the fruits’ figs paper was dried at 60°C for 1 hr and re-vye|ghed_e Th
exocarp was thereafter sliced out and blended wi rcentage alkaloid content was th_en determlnecgul_ae
household blender for 30secs under aseptic conditio or_mula, and thereafter recorded in mg/gramirefngia
One hundred (100) gram of the resultant slurry tneated Uit waste slurry.
in various ways to assess the different types Qo4 akaloids = Wz - Wy x 100
phytochemicals. Screening for phytochemicals wasedo
according to Harbone (1973), Sofowora (1993) areh3e Where:
and Evans (1989). W = Initial weight of samplel(vingia)

Alkaloids: Five (5) millilitre of 2% hydrochloric acid W,= Weight of Filter paper
was added to 2 ml dfvingia fruit pulp in a test tube and W,= Weight of Filter paper + alkaloid precipitate
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Flavonoids: Flavonoids were quantified according todata were thereafter de-transformed (weighted) and
Harborne (1973) and Zhishen et al., (1999) witlghdli discussed hereunder.
modifications. Half a gram of drigavingia fruit granules
were boiled in 2M HCI for 30mins under reflux and . R ESULTS AND DISCUSSION
filtered after cooling. Thereafter flavonoids wendracted

with 6ml of ethyl acetate. The ethyl acetate waenth Effect of Postharvest days on Brownish-black Rot

evaporated in a water bath. To the flavonoid residas isease : ey ;
added 10% Aluminium Chloride dropwise until a yello \[/)\/Iastes and Phytochemical Content of Irvingia Fruit

color was developed indicating flavonoid presence. Postharvestrvingia fruit wastes showed a rapid spread
Thereafter absorbance was measured at 510nm with e . . i
of ‘brownish-black rot disease symptoms in 6 dayer af

spectrophotometer (Genway, model 6505, USA). Ruti ; : ; .
was used as a standard for the construction dfilarahon harvest in an open field. Severity of postharvaseabe
was observed to progress significantly as the nurobe

curve from which flavonoid content of tHevingia fruit days after harvest (DAH) increased (Table 2). Mean

wastes was determined in mg/g. weighted brownish-black rot disease scores ‘638 and

Saponins: Half a gram ofirvingia samples as described i, 0 0 0 )
above was added boiled in 1IN HCI for 4 hrs anerid 6 DAH were 1.74%, 22.16% and 89.24% respectively.
Findings from this present work were comparable to

after cooling. Thereafter, 50mis of petroleum ethers results of previous works, and postharvest disease
added to the filtrate and shaken vigorously to poedthe symptoms largely followed the same pattern of o

ether layer. Afterwards, the aqueous layer wasvegea previously observed in some earlier works (Josepth a
and ether evaporated. To the residue, 5mis of ethanAworh 1991, 1992 Etebu, 2012, 2013: Etebu and

acetone mixture (1:1) was added. Six milliliterFafrrous .
Sulphate was then added to 0.4mls of the resudtantion Tung_bulu, 2015, 2016)‘. Earlier wor.ks have Sh‘?W.” tha
specific species of fungi and bacteria are asstiatith

followed by 2mils of concentrated ,80;. d . haia frui h clude f |
Spectrophotometric absorbance reading was taking aoaying Inngia fruit wastes. These include funga
species such asAspergillus, Penicillium, Botrytis,

490nm. Meanwhile standards of different concerdresti )
o X ; i Rhizopus, and Mucor (Joseph and Aworh, 1991; Etebu,
of Bioscin (Sigma, UK) had been earlier on prepaf 2012, 2013) and bacterial species such Bagillus,

absorbance of saponins of the bioscin standardimiua_s Enterobacter, Oceanobacillus, and Saphylococcus (Etebu
well as sample was measured after 490 nm using _a
and Tungbulu, 2015).

spectr_ophotometer (Genway, model 6505, USA). TheAII four groups of phytochemicals (alkaloids
saponin CQntent was expresseq as mg!glﬂﬁgla pulp. . flavonoids, saponins and tannins) investigatedhig work
Tannins: Tannin was quantified according to Swain

(1979). One gram dfrvingia residue was added to 20m| Vere observed to occur in postharvésvingia fruit

of 50% methanol. This was shaken thoroughly andedea \Il\rl\a;lsr;[elz (V)v\;iigu V\(ﬁ'gr}frd T}eagcﬁgﬂ,fg:lss p:;sgersg:(fﬁwere
at 80 for 1 h in a water bath to ensure homogermditiie 9 pu'p phyt

) : alkaloids (55.98mg), flavonoids (47.64mg), tannins
mixture. The extract was thereafter filtered, faléml by .
addition of 20 ml of distilled water, 2.5 ml of koliDenis (43.07mg), and saponins (24.98mg) (Table 1). The

o oG presence of phytochemicals in fruits, includitrgingia
reagent and 10 m! of 17% aqueous ; Was also added fruits, is widely known and reported by several kess
and thoroughly mixed together. The mixture was maule hrei d K i ) b
to 100 ml with distilled water, then mixed and altal to  (oCreiner and Huyskens-Keil, 2006; Etebu, 2012.320

stand for 20 min. Meanwhile standards of diﬁerenlchytochemlcaIs in general have been variously tefdo

concentrations of Tannic acid ranging from 0-10 yad play different significant roles in the survival thfeir host
been earlier on prepared. The absorbance of thﬁ'ctanplants' ranging from deterring herbivores, protegtost

acid standard solutions as well as sample was rm}hsuplant.s against path_og_ens or various ablotlc stsesse
. functioning as antioxidants or signaling molecules
after color development at 760 nm using

Schreiner and Huyskens-Keil, 2006).
speqtrophotometer (Genway, model 6505, USA).' Th. Results from this present work further showed &ptrt
tannin content was expressed as mg of tannic acflrd

, N om saponins and flavonoids, the concentrationthef
equivalent/g ofrvingia pulp.

Data analyss Data on brownish-black rot diseaseother phytochemicals ifrvingia fruits were significantly

severity were first subjected to arcsine transfdiona influenced by post-harvest period. Frebivingia fruit

while data on phytochemical contents were squaoe rOwastes were observed to possess alkaloids, and thei

) . abundance was noted to be dependent on postharvest

gg:osrfgirr:n etoCI) Cta(())mgﬂgnéhéoﬁziugggzglSThoef trgrl:ls(%;ﬁﬁ"ngemd' Whilst fresh fruits (DAH = 0) had 47.89mgig

9 : ) . _Weighted mean occurrence of alkaloids, the amount
data were thereafter subjected to ANOVA usin T 1

. . - ' creased significantlyR< 0.05) to 61.31mg/g at the
Generalized Linear Model of Minitab version 14. ;

o . . day after harvest. The alkaloid contents at thel&y after

Statistical software. Correlation/regression aredysere

performed between the transformed data on brownisﬁ?rveSt (59.29mg/g) was not significantly differdrdm

t
black rot disease ofrvingia fruits and the different ose at 0 or'day after harvest (Table 2). Contrary to the

phytochemical components. Mean disease ar{'é]dmgs of this present work, Etebu (2012) in his

phytochemical content data were further subjected ubjective ratings adduced that alkaloid contettvdhgia

Tukey's mean separation test. Mean transformedoket ruits decreqsed as postharvest pgnod mcreah.ewlyas
was potentially branded as being responsible far th
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dissipation and degradation of alkaloids, but earieports astringency and bitter taste of foods and drinkeRke
had shown that most alkaloids are neither easipnd Kennedy, 2011). This again portends that thehfl
biodegraded, hydrolyzed nor volatilized (McGee, 200 pulp of Irvingia fruits, often discarded as wastes could be
Furthermore, Adebaycet al (2010) showed that the used in our food industries where the end prodsct i
amount of total phenol content of pepper friiexfnettia  expected to have bitter taste.
tripetala) increased as storage time of the fruits increased It is pertinent to also state that apparent negatports
These earlier findings buttresses and substantitites also exist in scientific literature about tanninBor
correspondence increase in alkaloid content witheimse example, tannins are thought to greatly impact mimal
in postharvest period, as observed in this presemk nutrition, including inhibition of growth rate ardiigestive
with respect tdrvingia fruit wastes in storage. enzymes but these same properties have also heamned
Similar to other phytochemicals, alkaloids are kndew as being useful in the prevention of certain digeas
defend plant, wherein they are produced, again@ennick, 2002). In particular, tannins have begported
herbivores, fungi, bacteria, viruses and other amg to interfere with the absorption of dietary irondathe
plants (Ashiharaet al, 2008; Wink, 1998). The inhibition of digestive enzymes at high concentnasi
antimicrobial activity of most botanicals are dftried (Eleazu et al, 2012). However, results from thisrkvo
mainly to alkaloids which they possess (Okigbo anshowed that tannin concentrationlivingia fresh fruit is
Ajalie, 2005). Interestingly, findings from a fajrtecent relatively low hence consumption of fresh fruitsulgbnot
work showed thalrvingia fruit waste extract significantly interfere with iron absorption nor inhibit digesiv
inhibited the growth of some postharvest spoilagegi enzymes. Whilst not downplaying these potential
such asAspergillus, Fusarium and Mucor species (Etebu concerns, no adverse report of known medical saamite
and Benjamin, 2014). Two specieslofingia are reported has been heard from or about locals arising frogestion
to occur in Nigeria). gabonensis andl. wombolu (Etebu, of Irvingia fruits.
2013; Etebu and Tungbulu, 2016). Whilsgabonenss is Unlike the aforementioned phytochemicals whose
sweet and edible, the other is bitter and ined{blarris, relative abundance was dependent on postharvesdper
1996). Findings from a comparative study betweersg¢h saponin content oflrvingia fruit wastes were not
two species ofrvingia suggest thalrvingia wombolu (the  significantly (P=0.05) affected by postharvest period.
bitter species) fruits stored for 2 days after batv Weighted saponin content per gram lefingia fruit
potentially possess a higher amount of alkaloids thheir wastes on ), 3% and &' days after harvest were 20.07mg,
counterparts of thé. gabonenss (sweet species) stock 25.70mg and 29.70mg respectively (Table 2). Like
(Etebu, 2013). Although this present work did naket tannins, saponins have been demonstrated to affect
into account the potential variability in phytocheal animals in both positive and negative ways. Stubeese
contents between the two species, it nonethelessesh indicated that saponins have haemolytic properbiesg
the fate of the various phytochemicals over timeeraf able to precipitate and coagulate red blood cEllsgzuet
harvest, and alkaloids were observed to occur &, 2010). Also, some saponins have been reported to
considerable high amounts ilrvingia fruit waste all impair the digestion of protein and the uptake itdimins
through the 6 day period under investigation (T&)le and minerals in the gut; causes hypo-glycaemiaimals.
The abundance of tannins in postharvesgingia fruits These negative properties, notwithstanding, sorpersas
was also observed to be influenced by posthanersbgh are also known to play very important roles in haraad
Whilst pulp of freshly harvested (DAH = Qyvingia animal nutrition. In particular, saponins bind wiithe salt
possessed 25.70mg of tannins per gram, the coatientr and cholesterol in the digestive tract, and thavents
increased significantlyR<0.05) to 51.84mg/g on the'B cholesterol from being reabsorbed into the bodye Th
day after harvest (Table 2). Difference in occuceef ability of dietary saponins to lower blood cholestds of
tannins in the fruits on the“3and &' days after harvest particular interest in human nutriton (Chandel and
was not significant at 5% probability level. Rastogi, 1980). Ngondi and Associates (2005) whilst
Tannins are polyphenolic compounds, known tevorking with the kernels dirvingia fruits showed that the
antagonize microbial activities through inhibitioof kernels were able to aid the reduction of cholesterels
protein synthesis (Ayepola and Adeniji, 2008). Theiin blood and in the control of obesity in Cameroon.
antimicrobial potency are being exploited in herbahlthough saponins were not specifically mentionexd a
medicine where plants possessing them are deplioyedbeing responsible for this welcome health feat,isit
curing wounds, various ulcers, haemorrhoids, infldm interesting to note that saponins, observed inhyles
mucous membranes frost bites and burns (Eleetzal, Irvingia fruit of this present work, could lower cholesterol
2012). Tannins have also been associated with ugridevels in humans.
pharmaco antioxidants (Koleckaret al., 2008), Furthermore, saponins are known to also react with
antihelmintics (Ketzis 2006), and in cancer chera@py cholesterol rich membranes of cancer cells, préawgnt
(Chung et al., 1998) Although reports on the use dfiese cells from growing (Franasal., 2002). Like other
Irvingia fruit extract in the aforementioned aspects ofifroups of phytochemicals, saponins have been oot
herbal medicine are non-existent, to the best aof opossess antioxidative, antiviral and antibactgmiaperties
knowledge, Irvingia fruits are apparently potential raw (Mert-Turk, 2006; Simdes et al., 1999). In theviirs
materials waiting to be exploited for their tanmiontent. industry, saponins are used in the production ef laad
Also, tannins are known in the food industry tosmthe other beverages because of their bitter taste 8aeli
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al.,2000) and foaming properties in aqueous solutiorfavonoids. Also, whilst Somit et al., (2013) obssat a
(Eleazuet al., 2010). From the foregoindrvingia fruit  positive relationship between saponins and taninirthe
wastes, often regarded as wastes, could be fueptored plant they studied, findings in this work showed no
for their saponin content and channeled into otheaignificant relationship between tannins and saporat
productive uses, especially against the backdroptsof the 5% probability level. This shows that the antcamd
content being relatively unaffected by postharyesiod. potential relationship between different plants aohaint
There is need to further study the different specif parts may vary.
saponins inherent ilrvingia fruits to ascertain the benefits The separate positive relationships between brdwnis
and potential medical or health concerns. black rot disease with alkaloids and tannins malrbed
Similar to saponins, the relative amount of flaviaiso to the overall inter-relationship between theingia fruit
was not significantly P<0.05 affected by postharvest and disease causing pathogens. Alkaloids and taran
period. Weighted flavonoid content of the fruits@h, 3°  known to protect their host plants from microbiaasion
and &' day after harvest were 46.79mg, 56.25mg an@shihara et al, 2008; Wink, 1998). Furthermore,
40.45mg per gram respectively (Table 2). Earliebrownish-black rot disease ofrvingia species is
qualitative works had shown the presence of flaidso significantly, positively related to number of fiing
across both in. gabonensis and . wombolu in Nigeria associated with diseased fruits (Etebu, 2013). din
(Etebu, 2012, 2013). Medical benefits of flavonoids/e these submissions, it would suffice to suggest that
been reported to include protection of the gastestinal increase in alkaloids and tannins (Table 2) coudeh
(Gl) tract, antispasmodic, antidiarrhoeal, antibeet, been in response to increase in severity of brdwhiack
antisecretory and antiulcer properties (Di Caeloal., rot disease of the fruits, apparently to inhibi trctivities
1993; La Casat al., 2000; Sunairét al., 1994; Isomot@t  of disease causing microorganisms.
al., 2005; Rice-Evanset al., 1997). Flavonoids are The result of this present work also showed that th
particularly known for their strong antioxidant eafiies relative amount of alkaloids is highly significantl
which positions them as effective key players ianpl (P<0.01), positively related to those of tannins (Table 3)
based preventive therapies (Lotito and Free, 2Bldazu  This showed that an increase in alkaloids led to a
et al, 2012; Williamset al, 2012). correspondingly increase in tannins. Meanwhile danz
Irvingia fruits could be explored as potential remedynd Waterman (1984) reported a negative correlation
against allergies, inflammations, microbes, virusesl between alkaloid and tannin contents in a dry tones
tumors. This speculative assertion is hinged onféoe Costa Rica. This earlier finding notwithstandindpe t
that flavonoids are potent free radical scavengdrieh  highly positive relationship between alkaloids d@adnins
prevent oxidative damage and protect againsbuld be a phenomenon beyond antagonizing the
carcinogenesis (van Acker, 1995), amdingia fruit proliferation or degradative activities of microargsms
wastes, in this study, were observed to posseativedy invading Irvingia fruits as earlier posited going by their
high amounts of flavonoids whose abundance was nspective significant positive relationship wittolynish-
significantly (P=0.05) influenced by postharvest periodblack rot disease (Table 3). The highly positive
(Table 2). The relative considerable amount ofdtaids relationship between the two phytochemicals may be
in Irvingia fruit wastes would doubtless add to thenature’s way for each phytochemical to counterbzdahe
potential benefit for their consumption both asdfdor negative consequences of the other and vice vétsa.
humans or feed for animals. apparent credibility of this position is strengthdrby an
Inter-relationship  between Brownish-black Rot earlier report of Freeland and Janzen (1974). These
Disease and Phytochemicals of Postharvest Irvingia workers maintained that alkaloids and tannins form
Fruit Wastes insoluble alkaloid-tannates in herbivore guts tgate the
The potential relationship between brownish-blagk r €ffects of each other. Furthermore, tannins arenconfy
disease and the different groups of phytochemiaeis us_ed in human med|C|_ne as an antidote to alkaloid
assessed in this work because some earlier workshen P0ISONing because, as with proteins, they are tablerm
fruits had shown that the abundance or otherwise BPMPplexes with alkaloids (Hagerman, 2002). The
specific  phytochemicals in postharvest fruits i§orrespondmg increase in tannins in direct refesfigp to
significantly dependent on postharvest storageogesind Increase in alkaloids could therefore be a natural
conditions (Schreiner and Huyskens-Keil, 2006).uRes Mechanism aimed at dissipating the apparent toxic
from this study showed that brownish-black rot deeof Properties of alkaloids to ensure that consumpaiofesh
Irvingia fruit wastes were significantlyP€0.05), directly Irvingia pulp is safe for hu_mans and othe_r animals. Fu_rther
correlated to alkaloids (Pearson Correlation coiefit = résearch would be required to ascertain the verait
0.69) and tannins (Pearson Correlation coefficret73) Otherwise of this informed speculation.
(Table 3). Results of correlation/regression arealys
between brownish-black rot disease and saponins or IV. CONCLUSION
flavonoids were not significanP€0.05). Whilst saponins
were observed to significantly, negatively relateml Although the bioavailability of phytochemicals itapts
flavonoids (Table 3), Somitt al., 2013) working on has been reported to be influenced by a variefiacibrs
phytochemicals of leaves @roton bonplandianum, on including, but not limited to, genotype, maturity,
the contrary, showed that saponins are positieited to environment and postharvest conditions (Manetal .,
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2004; Boyer and Liu, 2004;Schreiner and Huyskenis-Kel[14]
2006), results obtained from this work showed thnegt
amount of the various groups of phytochemicals are
considerably significant especially when the fruitee [15]
fresh.

Furthermore, results from this work show that
phytochemicals which are important to and of heaItHG]
benefit to the gut of animals persisted in postéstrv
Irvingia fruit wastes up to the"6day after harvest in spite
of a corresponding increase in severity of browafisttk
rot disease. Findings from this present work thoeeef
portends that freshirvingia fruit pulp would serve as a
potential raw material for the production lofingia fruit  [18]
juice, beverage or snack whilstvingia fruit waste at
advanced stage of spoilage may be processed iftt@ian [;q;
feed as proposed by some earlier workers.

[17]
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Table 1. Cumulative mean severity and occurrenchsease and
phytochemicals in Post-harvestingia fruit wastes

Transformec
Variable Mean + S.E. Weighted Mean
Brownist-black rot diseas 35.50+9.4 36.57
Alkaloids 7.48 £0.1 55.9¢
Tannin: 6.56 10.41 43.07
Saponin 5.00 £ 0.2 24.9¢
Flavonoid: 6.90 +0.2! 47.6¢

Table 2. The effect of postharvest period on diseasl!
phytochemical contents &fvingia fruit waste
Brownish-black

Days

after rot disease Alkaloids Tannins Saponins Flavonoids
harvest T-meahn W-meanT-mead W-meanT-mead W-meanT-mead W-meanT-mead W-mean
0 7568 174 698 4789 507 2570 448 2007 68% 4679
3 28.08 2216 7.76° 5920 728 5184 50?7 2570 7.50% 56.25
6 70.85 8924 783 6131 743 5506 548 2070 638 40.45

T-mearf = Arcsine transformed means
T-mearf = Square root transformed means
W-mean = Weighted (de-transformed) mean

Table 3. Correlation matrix of brownish-black radehse and
phytochemicals of postharvdstingia fruit wastes

Paramete| Diseas Alkaloids Tanins Saponin
Alkaloids 0.69*

Tanin: 0.73* 0.91**

Saponin 0.3¢™ 0.1¢™ 0.3

Flavonoid: -0.21™ 0.0%™ 0.0(™ -0.71*

*=Significant atP=0.05
**=Significant atP=0.01
ns=Not significant aP=0.05
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