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ABSTRACT

This paper presents the proximate compositionmiitaC and beta-carotene contents of 15 selectefy dd and semi-wild
food plants (WSWFPs) from Bunyoro-Kitara Kingdongabda. Proximate analysis using standard proceduresuded
determination of: moisture, energy (caloric valugsh, protein, fat, total carbohydrates and dietfibye. Results of the analyses
were compared those of the conventionally well knawd widely cultivated Brassica oleracea var cafit L. (Alef.) - the
common cabbage plant. Compared to the conventiprménted cabbage, most WSWFPs were generally rrisberces of
macro-nutrients, vitamin C and beta-carotene, aheréfore they can help improve household nutrigspecially during the
months preceding the harvest of cultivated crops @so during periods of social unrests, drougfasnine, and other natural
catastrophes. Senna obtusifolia, Vernonia amygdalcalypha bipartita, Asystasia gangetica and Rligperuviana were the
richest sources of calories (50.45-544.31 kcal/30@gh content was highest (3.69-6.54 g/100g) im&ga amygdalina,
Solanum nigrum, Senna obtusifolia, Hyptis spicigesdile protein was more abundant (5.20-12.11 gf)O@d Vernonia
amygdalina, Crotalaria ochroleuca, Senna obtusifpAcalypha bipartita, Corchorus trilocularis and Bolanum nigrum. Total
fat content was highest in Senna obtusifolia (2:@b07 g), and Acalypha bipartita (1.32 + 0.10 gjie the tender leaves of
Vernonia amygdalina, Asystasia gangetica, Corchotiscularis, Senna obtusifolia, Asystasia mysaiesnand Hibiscus
acetosella were highest (7.49-38.62g/100g) in daydeates contents. Good sources (3.50-7.76 g/160djetary fibres were
Vernonia amygdalina, Crotalaria ochroleuca and Sung oleraceus. Vitamin C was highest (98.03—33mgA.00g) in Cleome
hirta, Vernonia amygdalina, Acalypha bipartita, &alim nigrum, Crotalaria ochroleuca, and Corchortitotularis more than
RDA for an adult (65—-90 mg). WhigCarotene contents beyond the RDA were found ircl&mnoleraceus, Cleome hirta,
Solanum nigrum, Senna obtusifolia, Crotalaria odbuza, Vernonia amygdalina, Asystasia gangeticgn¥iunguiculata,
Asystasia mysorensis, Corchorus trilocularis andafanthus spinosus. These findings therefore cragtestification that the
wild leafy WSWFPs are important food items thatisg@pularization.

Keywords: Proximate composition, Vitamin C, Beta-Carotene €nts, Wild Food Plants.
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INTRODUCTION

According to the United Nation Development Progmmuality of life index [1] (Human Development Refpo
2013), most developing countries especially thosafrica are ranked the lowest. Uganda for examyas ranked
161 (HDI of 0.456) same as Haiti out of 187 cowettrivith data. The Human Development Index (HDIvtes a
composite measure of three dimensions of humanla@went: living a long and healthy life (measuredlifie
expectancy), being educated (measured by aduthdiyeand enrolment at the primary, secondary arihte level)
and having a decent standard of living (measuredpioghasing power parity (PPP) and income) [1]. SEhe
rankings, therefore, reflect the enormous challen@eg. food insecurity and illiteracy) of develogicountries.
Millions of people in the developing countries dat have enough food to meet their daily food regmients and a
further more people are deficient in one or morerariutrients [2].

Globally, Food and Agricultural Organisation regatat at least one billion people are thoughts wild foods in

their diet [3]. The diversity in wild species offevariety in family diet and contributes to houddhfood security.

Most of them are nutritionally rich and can suppdetn nutritional requirements, especially vitaminsd a
micronutrients [4]. Numerous publications providetailed knowledge of edible wild plants in speclfications in

Africa [5, 6, 7, 8, 9]. These publications showtthéld plants are essential components of manycafrs' diets,
especially in periods of seasonal food shortage§Hana alone, the leaves of over 300 specieslidfplnts and
fruits are consumed [8]. In Zimbabwe, poor housésakly on wild fruits as an alternative to cultee food for a
quarter of all dry season's meals [10]. Similaity,Northern Nigeria, leafy vegetables and otherhbfmods are
collected as daily supplements to relishes andssfilll]. In Swaziland, wild food plants are stillgreat importance
and contribute a greater share to the annual lelet dtomestic cultivars [12, 8]. Various report®alsted that many
wild edibles are nutritionally rich [13, 12, 14,]1&nd can supplement nutritional requirements, @sfig vitamins

and micronutrients.

Whenever inadequate amounts of essential nutremetprovided, nutritional deficiency or inadequaegults and
affects all developmental growth, efficiency of daip and the span of working life, which eventuatiffluences the
economic potential of a country [16]. Nutritionaldies have shown that nutritional deficiency mésodead to
very low haemoglobin levels in infants and pregnaotnen, the elderly and sick people in additionnicreasing
the prevalence of night blindness. The diet of agerrural dwellers in Uganda is known to be deficia most
nutrients that could largely and cheaply be obfedm locally available indigenous vegetables [1€jtritional

analysis of some wild food plants demonstrates thatmnany cases the nutritional quality of wild piaris

comparable and in some cases even superior to tioaied varieties [17]. Wild food plants can hawvere higher
fat, protein and vitamin contents than cultivatpdes [18, 12].

This paper therefore, presents the results of tilndyshat was aimed at assessing the nutritionlalegaof selected
fifteen leafy wild and semi-wild food plants (WSW&Pconsumed in Bunyoro-Kitara Kingdom, Uganda. We
specifically present the moisture, energy (caldriash, protein, fat, total carbohydrates, diefédome and vitamins-
ascorbic acid (Vitamin C) an@tcarotengprovitamin A) contents of selected leafy WSWFRsfrBunyoro-Kitara
Kingdom. We hypothesised that there was no diffegenin moisture, energy (calories), ash, protean, tbtal
carbohydrates, dietary fibre and vitamins- ascodgid (Vitamin C) and3-carotengprovitamin A) contents of the
selected leafy WSWFPs compared to the conventipmall known and widely cultivate8rassica oleracea var
capitata.L. (Alef.) - the common cabbage plant.

MATERIALS AND METHODS

Sample collection

Field samples of the selected leafy WSWFPs foritital analyses were collected from Mutunda and/&mdongo
sub-counties of Kibanda County in Bunyoro-Kitarang@dom. The validity and usefulness of plant nwnil
analysis depends largely on obtaining a reliablapde. If the samples taken are not representathen all the
careful and costly work put into subsequent analygiuld be a wasted effort because the result wioelidss valid
[19]. A minimum of 15-25 plants should be sampladorder to obtain a statistically significant humioé plant
tissues needed for analysis [20]. Field inventdigld walk) with key informants was undertaken wilect plant
samples 15 samples of the leafy WSWFPs for laboratoalysis. The selection of these species faienttcontent
analysis were undertaken on the basis of SWOT ri§tne Weakness, Opportunities and Threats) analysis
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considering occurrence of the plant in natural taébj market value, scanty information available mrrient
content, and the extent of anthropogenic pressuspecies.

In addition to the 15 selected leafy WSWFPs, sampliethe common cabbage plafrassica oleracea var
capitata. L. (Alef.) was also collected from the same regard analysed for comparison purposes. Each plant
sample was taken from a minimum of 15 plants fowittin a radius of about 1 km, with the exceptidrHibiscus
acetosellawhere samples were collected from 13 plants. Qnéy frequently harvested edible plant parts were
collected in plastic bags labelled with sample namspdate, code of locations, plant part, and aimlio be
conducted. About 500 grams of each plant matereewveollected in order to have an adequate amduptaat
material for the analysis.

Laboratory and analytical procedures

The laboratory and analytical procedures for riotrél analysis was limited to the portion of theugl normally
consumed as prepared by local communities. Whepeoppate, analyses included determination of rooégst
content, energy (calories), ash, protein, fat,|totabohydrates, dietary fibre, ascorbic acid (Wita C) andf3-
carotene. All plant materials with exception ofghaised for determination of vitamin C giidarotene, were dried
in an oven with a fan at 65 °C for 24 hours using AOAC [21] (1980) air oven method No. 14.003 &nen
ground for chemical analysis. All samples were ysed in triplicate.

Moisture content

Determination of moisture content (MC) of the saesplvas carried out following procedures descrilbeldiik and

Sawyer [22] and AOAC [23]. Aluminium dishes wereskad, dried in the oven, removed and allowed td icoa

desiccator. About 3—4 g of the samples (in tripgksa were weighed into the dishes using analytieght balance.
The dishes containing the samples were placeddnotten (Gallenkamp hotbox oven fan size 2) andotren

temperature adjusted to 65 °C, and the sampled tirieonstant weights. The samples were then redhglaced in
a desiccator to cool and weighed and the MC of#reple was calculated as follows: MC (g) =(B)/A; where A

is the weight of dry sample (C - weight of the dlishgrams (g); B is Wt. of dish and sample primdtying in g; C
is Wt. (g) of the dish and sample after drying; &nd C is the loss in Wt. (g) of sample after drying.

Total ash

Total ash content of the samples (in triplicatesjemetermined using the AOAC standard methods [A8¢ (5) g
of the samples were weighed into a weighed pomtelmhes and dried for 3—4 hours in a Gallenkantpdooven
fan size 2 at 105 °C, until a constant weight weached. The dishes and the contents were then eceiggfore
being transferred to a muffle furnace and ignitecb30 °C for about 5 to 6 hours until the residagpeared
greyish-white. The samples were then removed frioenniuffle furnace and placed in the desiccatorom éor 1
hour, after which time they were removed from tlesidcator and weighed. Ash content of the sample w
calculated as follows: Ash content (g) =€E)/A; where A is the Wt. of intial sample (g) after drying at 105 °C; B

is Wt. (g) of dish and contents after the ignitmcess; C is Wt. of the empty dish.

Energy (caloric value)

Total energy (caloric value) of the plant samplesemdetermined using a Gallenkamp Autobomb caldem&G
96/02/536, Gallenkamp and Company Ltd, England UKe method is based on combustion in a ‘bomb’ dieam
and when the sample is burned, the resulting Isestteiasured by the increase in temperature of wateounding
the bomb. One (1) gram of sample (in triplicate svpalleted with a briquette press and weigheddruaible. The
pelleted sample was connected to the firing wireictv was fitted between the electrodes, by a cdtioead. The
electrode assembly was placed into the bomb antddhe was tightened. The circuit was tested andtmeb was
filled with oxygen to a pressure of 3000 Pa (30.bBne calorimeter vessel was filled with watetdtaveight 3 Kg)
at 21- 23 °C, the prepared bomb was placed inkielealorimeter vessel, and then the calorimeteselegas placed
into the water jacket. The machine was switchedrhleft for a while (10-15 minutes) to warm upioPto firing,
the initial temperature of the water was checked @atorded and 10-15 minutes after firing the fitemhperature
was recorded. Benzoic acid was used as a stantlaedenergy value determined from such a standafkhofvn
energy was used to calibrate the system. Findlgysample energy content was calculated accordittgetformula:
Gross energy (kJ/g) = {[(Final temperature — Initemperature) x 10.82] — 0.0896}/Wt. of the sampléhere,
110.82 = Heat capacity of the calorimeter in kJ/K3896 = Combined energy value of nickel wire antioroin kJ.g
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Protein

Protein contents of the samples were determinedhbyKjeldahl method using Kjeltec Auto 1030 Analyze
(Tecator,Sweden), the most widely used method employedhferdetermination of protein in organic substances.
This is because on digestion with concentratednsuilp acid and catalysts, organic compounds argized and the
nitrogen is converted to ammonium sulphate. Upotkingathe reaction mixture alkaline, ammonia is tidted,
removed by steam distillation, collected and t@dcatTwo hundred (200) mg samples were placed irjedta€
digestion tube. Two mercury Kjeltabs (Fisher K/0/B&) and 5 ml concentrate sulphuric acid (BDH 45086re
added to the samples. The samples were digest@Dat (Digestion system 40 Tecator 1006 heating fmi one
hour. Twenty (20) ml of deionised water and 5 ml1a83N sodium thiosulphate were added to the samuipde
allowing it to cool. The samples were then distilend the ammonia liberated, after adding of 25086 NaOH
collected in standard boric acid and titrated agtabhh2M hydrochloric acid. Both distillation andration were
automated. Blanks were prepared and treated isgime manner except that the tubes were free ofleaifige titre
values were read and later used to determine theiprcontent of the plant samples. Protein conteate
calculated according to the formula: Protein (dSample titre — Blank titre) x 0.21 x 14.0072 25}/Wt. of the
sample. Where, 0.21 is the normality of hydrocli@tid; 14.0072 is the molecular weight of nitrogand 6.25 is
the nitrogen factor; since protein is assumed t26% nitrogen [24].

Total fat

Total fat content of the plant samples were deteeshiusing TecatoBoxtec System (HT 1043 Extraction Unit
Tecator Co USA). Metal receiving vessels of thet,unith three glass beads in each, were fired miinutes,
cooled and weighed. Five (5) g of sample was welghéo extraction thimble, which was plugged witbtton
wool. Thimble was then fixed into the extractionitusnd the fan switched on. Fifty (50) ml of pe&oi ether
(solvent) was put in each receiving vessel andgglamder the thimbles. Cooling water was set &iva fate of 1.5
litres per minute and extraction temperature wasase80 °C. Initial heating to boiling was set d finutes;
refluxing time was set for 1 hour. Rinsing was alsoe for 1 hour after refluxing. Receiving vessetse removed
after petroleum ether had stopped condensing, dxred for 15 minutes at 100 °C, cooled for anottieminutes in
a desiccator, and weighed. Ether was drained offfifall condensers before turning off the water famd Total fat
content was calculated as follows: Total (g) = (Wftfat and the receiving vessel — Wt. of receiviregsel)/Wt. of
the sample.

Total carbohydrates

The AOAC method [25] was adopted for the analydigotal carbohydrate using the Manual Clegg Antleron
Method [26]. This method determines the total amaircarbohydrates, based on hydrolysable starchsaiuble
sugar content. One (1.0) g of grounded sample waighed and transfer quantitatively to a stoppered tl
graduated cylinder, followed by addition of 10 nflweater and the mixture stirred with glass rod tspédrse the
sample. 13 ml of the perchloric acid solution waentadded and the mixture stirred constantly widsgyrod for 20
min. The glass rods were rinsed with distilled wated the volume of the mixture brought to 100 Thle contents
were mixed and filtered into a 250 ml volumetriask. The graduated cylinders were rinsed withli#dtiwater and
added to the volumetric flask, after which the Kkwvere calibrated with distilled water and shaken.

Ten (10) ml of the extract were diluted to 100 nithwdistilled water. Using a pipette, 1 ml of diwt filtrates was
transferred in to test-tubes. Two 1 ml samplesistilibd water for duplicate blanks were also pipdtand each one
put in a separate test-tube. Two 1 ml duplicatedsieds were pipetted out using the dilute glucaation. Rapidly
5 ml of freshly prepared anthrone reagent was f@gdo all the tubes, capped and mixed thorougkie tube were
later placed in a water-bath and heated for 12 after which they were cooled rapidly to room tenapeare. The
solutions were transferred to 1 cm spectrophometdis. The green colour was stable for about 2 fiolihe
absorbance of the samples and the standards wadeate630 nm against the reagent blanks. Totalladblai
carbohydrates (TAC) were calculated as follows: T@E grams of glucose) = [(25 x b)/(a x W)] X*A®Vhere W is
the Wt. of the sample; a is the absorbance of ilhted standard (the graphs were straight lingbérange of 0.0 —
0.15 mg glucose); b is absorbance of diluted sasnple

Dietary fibre

Dietary fibre was determined using Acid Detergeitiré& (ADF) solution following procedures describbgt
Goering and Van Soest [27]. The solution was prgpas follows: Twenty-eight (28 ml) of 98%,%04 were
carefully added to and mixed with 600 ml of distillwater. Twenty (20 g) of Cetyl trimethyl ammonitmomide
(CTAB), a detergent, were added and stirred ubtdissolved. The acid detergent was made up tdrd With
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distilled water and mixed thoroughly. Into a cleare litre conical flask, was added 1.0 g of the@aml00 ml of
the acid detergent solution were added to the befakewed by 2.0 ml of dekalin (decahydronaphttdenThe
mixture was heated to boiling under reflux for ihdHeating was controlled to minimise foaming lojuesting the
control knob. The sample digest was filtered wittracible previously dried in the oven at 100 °@eTbeaker was
washed with boiling distilled water filtering themtent through the same crucible 3 times. The fivedhing was
done with acetone and the residue was collectedairlean crucible dried at 100 °C for 8 hourshim ¢ven. Dietary
fibre (DF) of the sample was calculated as follo®: (g) = [(Wt. of crucible and DF) — (Wt. of crinte)]/Wt. of
the sample.

Vitamins (Ascorbic acid and beta-carotene)

Ascorbic acid (Vitamic C) contents of the plant géas were determined according to the procedurengin Kirk
and Sawyer [22]. Five (5) g of the fresh sampleseweeighed into a clean mortar. The sample wereenaged in a
mortar using a pestle with 5 ml portions of 5%hlaro acetic acid (TCA) being added at a time. €kiacts were
quantitatively transferred into a clean 50 ml voatric flask and made up to volume with TCA. Thesavas
stoppered, shaken to ensure thorough mixing andntkiire was filtered using a filter paper (Watmaml). The
2,6-dichlorophenolindophenol (DCPIP) solution wasndardised using ascorbic acid standard solutibn o
concentration 1.08 mg/ml. Five (5) ml of standaedisscorbic acid were titrated with DCPIP untiliakpcolour
that persisted for 3-8 seconds was seen (blankedtnvalent five (5) ml of the extracts were pipdtinto a clean
conical flask and carefully titrated against theME solution until a pink colour that persisted 368 seconds was
observed. The volumes of DCPIP solution used weeel from the burette and used to calculate themiteC
content of the samples. The ascorbic acid contietiteosample was calculated using the formula: itaC content
(mg/100g DM) = (Titre x VE x Y x 100 x 100)/(\ x S x 1000 x Y). Where VE = vitamin C equivaleftl ml of
DCPIP (mg/ml); \{ = total extract volume (ml); ¥/= titrated extract volume (ml); S = sample weight;= sample
dry matter (%).

-carotene was determined following procedures mediby De Ritter and Purcell [28]. Samples wereaszply
weighed out and placed in a mortar; 5-7 mls of hexacetone mixture in a ratio of 1:1 were addegeétle was
used to stir the sample-solvent mixture to fad#itaxtraction. The extract was transferred to arb®olumetric
flask and extraction was repeated 5 times withrBFportions of solvent mixture adding the extrattvolumetric
flask each time to the flask contents. When thepdarwas free of beta-carotene, the volume of theaek was
made up to 50 mls with the solvent mixture. Theunmdtric flask was kept away from light by wrappiihgvith

aluminium foil to prevent photo degradation of betaotene.

The extract was placed in a clean, dry 100 ml beaked the beaker was heated gently on a hot piatieei fume
cupboard with the fan on until all the solvent emaed. The beaker was then removed and alloweddbafter

which 2.0 ml of pure solvent mixture were addedissolve the residue; 1.0 ml of the dissolved extweas pipetted
and transferred to a packed column of magnesiuleoXifresh solvent mixture was used to elute theaekfrom

the column. The deep coloured band of beta-carotersecollected in a 50 ml volumetric flask untietbluate was
colourless, the extract was made up to volume, thighextracting mixture, shaken to dissolve andipuhe dark
ready for absorbance reading. 15mg capsules ofdaetdene were dissolved in 100mls of hexane toensttick
solutions. Using a spectrophotometer (SP20), tiseralencies of the stock solutions and the sampéee vead at
450 nm. Standard curves of absorbance Vs concemtr@icrogram/ml) were plotted. By using their ali¥encies,
the B-carotene concentrations of the samples were rifddeopreviously prepared standard curves. Theutation

of B-carotene was as followB:carotene conteniu)/100g DM) = (observefi-carotene contenfuf/ml) x V x D x

100 x 100)/(W x Y). Where V = total extract volume;= dilution factor; W = sample weight; Y = dry tter

content of the sample (%).

Statistical data analysis

The proximate composition, Vitamin C and Beta-Camet contents of the analysed 15 leafy WSWFPs were
compared to those of the common cabba@yagsica oleracea var capitataising ANOVA [29] at 5% level of
significance in MINITAB statistical software.

Scholars Research Library



Jacob Godfrey AGEAet al J. Nat. Prod. Plant Resour ., 2014,4 (3):1-12

RESULTS

Proximate composition

Table 1 summarises the levels of moisture, calpesB, protein, fat, total carbohydrates and dyefires contents
present in the 15 selected leafy WSWFPs per 100 edible portions compared to the commonlyivatiéd

and consumed cabbaggréssica oleracea var capitataWith the exception oBasella alba(19.98 + 0.83 Kcal), all
of the leafy WSWFPs analysed had significantly (B.85) higher calories compared to the common ab25.32
+ 0.59 Kcal).Senna obtusifoliavas the richest (71.56 + 1.15 Kcal) in caloriedlofeed by Vernonia amygdalina
andAcalypha bipartitarespectively.

The moisture contents of the leafy WSWFPs rangeuh 83.43 + 0.99 g to 92.06 + 0.25 g. Apart frBasella alba
(92.06 = 0.25 g), cabbage was significantly (P 85D higher in moisture content (90.47 + 0.52 g) pamed to other
leafy WSWFPs. Protein values ranged from as lo.84 + 0.15 g irBasella albato as high as 12.11 + 0.61 g in
Vernonia amygdalinaCompared with common cabbage, all the mean prot@imes of WSWFPs analysed were
significantly (P < 0.05) higher than that of thebbage.Vernonia amygdalina(7.76 + 0.20 g),Crotalaria
ochroleuca(4.78 + 0.16 g),Sonchus oleraceu8.57 + 0.15),Corchorus trilocularis(3.50 = 0.27 g), an@idens
pilosa(3.52 + 0.13 g) had significantly (P < 0.05) higlventents of dietary fibre compared to the cabl@g# +
0.04 g). However, there were no significant differes in the mean dietary fibre contentsActilypha bipartita
Amaranthus spinosu€leome hirta andSenna obtusifolifrom that of the cabbage.

Table 1 Moisture, calories, ash, protein, fat, totbcarbohydrates and dietary fibre contents of the slected leafy WSWFPs compared to

cabbage.
Species Nutrients (Mean composition per 100 gram edibldipor+SEM)
Energy Moisture Protein Dietary  Ash () Fat (9) CHO (9)
(Kcal) (@ (@ fibre (g)
Acalypha bipartitaMill. Arg. 52.36 75.26 6.19 1.93(0.04) 212 1.32 6.51
(0.80) (0.19) (0.14) (0.12) (0.10) (0.30)
Amaranthus spinosus 30.73 84.67 3.57 2.29 (0.09) 3.06 0.52 6.66
(0.81; (0.18; (0.24; (0.10, (0.04, (0.25,
Asystasia gangeticd..) T.Anders. 50.74 86.54 3.11 1.50 (0.07) 2.97 0.92 9.11
(0.53) (0.82) (0.37) (0.10) (0.06) (0.42)
Asystasia mysorengiRoth) 44.67 84.49 2.78 1.33(0.12) 2.64 0.57 7.72
T.Anders. (0.99) (0.51) (0.16) (0.21) (0.04) (0.16)
Basella albal.. 19.98 92.06 1.94 1.11 (0.07) 1.59 0.32 3.62
(0.83) (0.25) (0.15) (0.16) (0.02) (0.25)
Bidens pilosd.. 45.18 85.48 4.29 3.52 (0.13) 3.52 0.66 7.31
(0.62) 0.42) 0.17) (0.12) (0.05) (0.11)
Cleome hirta(Klotzsch) Oliv. 40.28 85.18 4.84 2.27 (0.11) 2.93 0.64 4.52
(0.84) (0.18) (0.42) (0.27) (0.06) (0.22y
Corchorus trilocularisL. 48.49 81.61 5.77 3.50 (0.27) 1.92 0.26 8.51
(0.89) 0.47) (0.11) (0.12) (0.03) (0.26)
Crotalaria ochroleucas.Don 49.62 76.68 7.46 4.78 (0.16) 2.13 0.69 5.29
(0.68) (0.36) (0.33) (0.12) (0.06) (0.18y
Hibiscus acetosellaVelw. exHiern 42.10 80.95 2.88 1.45 (0.06) 1.54 0.46 7.49
(0.89) (0.93) 0.12) (0.10) (0.04) (0.18)
Senna obtusifoligl.) Irwin & 71.56 79.47 6.72 2.33(0.19) 4.12 2.05 8.50
Barneby (1.15) (0.48) (0.16) (0.15) (0.07) (0.26)
Solanum nigrunt.. 41.13 85.66 5.20 1.25(0.12) 5.58 0.66 5.44
(0.69 (0.37, 0.19; (0.25, (0.05, (0.14°
Sonchus oleraceus 28.81 86.32 3.45 3.57 (0.15) 3.26 0.72 2.09
(0.08) (0.92) (0.07) (0.26) (0.01) (0.12)
Vernonia amygdalin®el. 54.38 33.43 12.11 7.76 (0.20) 3.69 0.56 38.62
(1.11) (0.99) (0.61) (0.14) (0.04) (1.10)
Vigna unguiculatgL.) Walp. 31.22 83.66 4.54 1.60 (0.14) 2.42 0.43 4.40
(0.70, (0.93; 0.27, (0.11 (0.01; (0.25,
Brassica oleracea var capitath. 25.32 90.47 1.45 2.04 (0.04) 0.67 0.12 5.25
(Alef.) (Common cabbage) (0.59) (0.52) (0.04) ) ) (0.02) (0.01) (0.18)

Means are of three measurements. Bracketed argtdéinelard errors of the mean. Means in the samenwoliollowed by the same superscript
letter are not significantly different from thosktloe corresponding cabbage (P > 0.05).

Scholars Research Library



Jacob Godfrey AGEAet al J. Nat. Prod. Plant Resour ., 2014,4 (3):1-12

Table 2 Vitamin C and B-carotene contents of the selected leafy WSWFPs cpated to cabbage.

Species Nutrients(Mean composition per 100 gram edible portion S
Vit. C (mg) [-carotenepg)
Acalypha bipartitaMill. Arg. 138.89 (1.05) 1100.13 (1.60)
Amaranthus spinosus 35.01 (0.57) 5387.30 (2.60)
Asystasia gangetic@..) T.Anders. 48.51 (0.91) 5937.21 (1.50)
Asystasia mysorengiRoth) T.Anders. 45.75 (1.17) 5783.50 (2.40)
Basella albal. 81.39 (0.69) 3319.90 (2.80)
Bidens pilosd.. 74.00 (0.91) 1908.90 (4.00)
Cleome hirta(Klotzsch) Oliv. 337.05 (1.50) 13170.05 (2.00)
Corchorus trilocularisL. 98.03 (0.88) 5443.10 (2.10)
Crotalaria ochroleucas.Don 126.00 (1.06) 6900.70 (3.10)
Hibiscus acetosellWelw. ex Hiern 67.01 (1.23 3409.04 (1.7¢
Senna obtusifolidL.) Irwin & Barneby 78.02 (1.03) 7856.20 (3.70)
Solanum nigrunt.. 141.01 (0.81) 9047.31 (2.40)
Sonchus oleracell. 69.81 (1.01 13411.63 (2.0(
Vernonia amygdalin®el. 318.12 (1.00) 6115.40 (2.10)
Vigna unguiculatgL.) Walp. 47.00 (1.28) 5880.80 (2.50)

Brassica oleracea var capitata. (Alef.) 57.41 (0.47) 111.82 (1.26)
(Common cabbage) ' ’ ) )

Means are of three measurements. Bracketed argtéinelard errors of the mean. All means in the colsiare significantly different from those
of the corresponding cabbage in that column (P G5).

Ash contents ranged from 1.54 + 0.10 g a#libiscus acetosellao 5.58 + 0.25 g as iSolanum nigrumin all
cases, the ash contents were significantly highen those of cabbage. All the leafy WSWFPs hadfsigntly (P <
0.05) higher fat contents compared to that of #ighage (0.12 + 0.01 g), wienna obtusifoli2.05 + 0.07 g), and
Acalypha bipartita(1.32 = 0.10 g) being the richest in fat conterfistal carbohydrate contents of the leafy
WSWFPs ranged from as low as 2.09 + 0.12 gbamchus oleraceu® as high as 38.62 + 1.10 g recorded in
Vernonia amygdalinaMeans values ofCleome hirta Crotalaria ochroleuca and Solanum nigrumwere not
significantly different (P < 0.05) from that of dadge (5.25 + 0.18 g). The rest of the leafy WSWERsept
Sonchus oleraceusBBasella alba and Vigna unguiculata had significantly higher total carbohydrate come
compared to cabbage.

Vitamins (Ascorbic acid andp-carotene)

Table 2 presents vitamin C afiecaroteng(provitamin A)contents present in 15 leafy WSWFPs per 100 grdms o
edible portions compared to the commonly cultivated consumed cabbagBréssica oleracea var capitata
Vitamin C content of the leafy WSWFPs ranged frds032 + 0.57 mg to 337.05 = 1.50 mg per 100 grameddile
portions. With the exception oAmaranthus spinosyusAsystasia gangeticaAsystasia mysorensiand Vigna
unguiculata the rest of the leafy WSWFPs had significantlghgir Vitamin C contents compared to that of the
cabbage (57.41 + 0.47 mdg}leome hirta(337.05 + 1.50 mg)yernonia amygdaling318.12 + 1.00 mg)Solanum
nigrum (141.01 £ 0.81 mg)Acalypha bipartita(138.89 + 1.05 mg), an@rotalaria ochroleucg126.00 = 1.06 mg)
were the richest in Vitamin C contents among tledyl&VSWFPs. Thgd-carotene contents of the leafy WSWFPs
ranged from 1100.13 + 1.4y to 13411.63 + 2.0Qg, and all were significantly (P < 0.05) higherrththat of the
cabbage (111.82 £ 1.26)). Sonchus oleraceyd3411.63 + 2.0Qug), Cleome hirta(13170.05 + 2.0Qug), Solanum
nigrum (9047.31 £ 2.4Qug), Senna obtusifoli7856.20 + 3.7Qg); Crotalaria ochroleucg6900.70 + 3.1Qug) and
Vernonia amygdaling115.40 + 2.1qQug) were the richest ifi-carotene contents.

DISCUSSION

Proximate composition

Moisture

Moisture is one of the most commonly measured ptigzeof food materials. It is important to knowchese there
are legal limits of the maximum or minimum amouhtvater that must be present in certain types ofif@esides,
the propensity of microorganisms to grow in foo@pehds on their water content [30]. In the prestndy, the
moisture content of most WSWFPs excémtalypha bipartita Crotalaria ochroleuca, Corchorus trilocularis
Senna obtusifolia, Physalis peruviaaad Vernonia amygdalinavere found to be higher than the usual range (60-
830/100g) of moisture content for fruits and vebkda [31]. However, compared to the conventioneiljtivated
cabbageHBrassica oleracea var capitataall the leafy WSWFPs analysed in the presemtysexceptBasella alba
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had significantly lower moisture contents. The tBwf Aframomum angustifoliutnad higher moisture content than
thatMangifera indica The high moisture contents of WSWFPs often abmwenal range will encourage microbial
growth, increase the rate of enzymatic reactiontarte deterioration. The implication of this iattthe harvested
food plant cannot be stored fresh for more thah@4rs before it starts to deteriorate. The low mwéscontents as
in Vernonia amygdalinand the seeds dflyptis spicigeraare indicative of their high dry matter content and
possible long shelf-life.

Food energy (calories)

Energy obtained from food is used to support plasictivities and to maintain life supporting meitd processes
such as regulation of body temperature, maintenahteeathing, control of heartbeat, breaking udenales and
building muscle tissues [32]. Analyses from pressntly show that most leafy WSWFPs li&enna obtusifolia

Vernonia amygdalinandAcalypha bipartitaare rich sources of food energy compared to coiomalty cultivated

cabbageHRrassica oleracea var capitataFurthermore, the calorie content of most of WW8WFPs were within the
range of other conventional food crops reporteliténature [31, 33].

Ash

Ash is the inorganic residue that remained afterwlater and organic matter have been removed ladiing the
food plant. It is a measure of the total amouninarierals within a food [34]. The findings from tpeesent study
show that ash contents were significantly high mstdWWVSWFPs compared to the conventional food criopfact,
all leafy WSWFPs had significantly higher ash cotdecompared to the common cabbage. Notably higiisin
contents were leaves &olanum nigrum(5.58 + 0.25 g/100g) an8enna obtusifolig4.12 + 0.15 g/100g), all
indicating their richness with mineral elementsse¥here, Handique [36] reported that most non-cotiweal
cultivated food plants like the tender shoot ofdliananaNlusa bulbisiangaandPaederia foetiddhave remarkably
higher ash contents often in the range of 8.3-2@cd#tpared to some conventional food crops.

Protein

Protein is the building material for all body parssich as muscle, brain, blood, skin, hair, n&itses and body
fluids. It is essential for growth, repair of woomt tissues, replacement of used-up blood andtaesis against
infections. One gram of protein is known to supply body with about 4 Kcal [32]. Findings from ghesent study
indicated that most WSWFPs were rich sources depraompared to the three conventional food pléBitassica
oleracea var capitatasesame anchangifera indica that were analysed in this study. In fact, thedts leaves of
Vernonia amygdalina Crotalaria ochroleuca, Senna obtusifolia, Acalyph@artita, Corchorus trilocularis
Solanum nigrunwere significantly richer in protein contents comggzhto the common cabbage. In deed Handique
[35] opined that many non-conventional leafy vebkts are either at par or even superior to manyeatonal and
cultivated leafy vegetables as far as protein adrigeconcerned. Species such as Diplazium (Feitg,Amaranths
like A. viridis that occur as garden weddpmordicg andMoringa which are of limited occurrence as backyard
crop have protein content in the range of 12-27%gasnst about 23% protein in case of well knowtivated and
conventional leafy vegetables like Spinach [35].

Fats

Fats perform life-supporting functions in every tamcell, including cell membrane structure, enzyeections,
blood and tissue structure, in memory and nervgatem operations, and in the manufacture and atidin of the
sterol hormones and the hormone-like prostaglan@@p Fats are also required for healthy skin, tha@sport and
absorption of the fat-soluble vitamins A, D, E dfidand the regulation of cholesterol metabolismsiBes, they are
concentrated sources of energy needed by the Hogwyf fat provides 9 kcal, more than double thergy given by
carbohydrate or protein per unit weight [32]. Altlygh vegetables naturally have low fat contents,trabthe leafy
WSWFPs analysed in the present study had highecdistents compared to the commonly grown cabbage. F
instance, tender leaves 8knna obtusifolig2.05 + 0.07 g/100g) anécalypha bipartita(1.32 + 0.10 g) were
notably richer in fat contents compared to the egebplant (0.12 + 0.01 g/100g). However, theseeskre still
very low compared to the fat contents of edibleseids such dsyptis spicigerg9] implying that leafy WSWFPs
presented in paper should not be relied upon agrthmary sources of fats.

Total carbohydrates

Carbohydrates are the primary source of energyhferbody and are often referred to as ‘fuel of lj&6]. Each
gram of carbohydrate yields 4 calories in the psecaf its metabolism. They help to provide enegyrfiuscular
work and nutritive processes, maintenance of bedyperature, besides their role in oxidation of,fatel as spare
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protein for growth and repair [36]. Most WSWFPslgsed in this study were found to contain signifittg higher
total carbohydrate contents compared to the coiomaltfood crops used for comparison. For instatioe tender
leaves of Vernonia amygdalina Asystasia gangeticaCorchorus trilocularis Senna obtusifolia Asystasia
mysorensisandHibiscus acetosellavere found to be good sources of carbohydratkesrefore, daily consumption
of such WSWFPs can significantly contribute to theommended daily intake of total carbohydrate ciiig about
130 g [37].

Dietary fibre

Dietary fibre plays an important role in decreasihg risks of many disorders such as constipatiolgn cancer,
cardiovascular diseases (CVD), diverticulosis abésity [38]. Besides, they inhibit absorption ofighse and
cholesterol from the gastrointestinal tract, thees lzelpful in diabetes and heart disease cont®@jl [8 the present
study, apart fronAcalypha bipartita Asystasia gangeti¢casystasia mysorensiBasella alba Hibiscus acetosella
Solanum nigrumand Vigna unguiculata all other WSWFPs analysed were rich in dietabyeficontents often
ranging from 2.27-7.76 ¢/100g. In most cases, tlikétary contents were significantly higher thare th
corresponding conventional cultivated food cropt there analysed for comparison. Elsewhere Tudktaal. [40]
reported large numbers of wild edible plants indaoian diet also being richer in fibre contents parad to
cultivated food crops. In the present study, thaesf daily consumption of some WSWFPs suchvasnonia
amygdalina Crotalaria ochroleucaandSonchus oleraceusuld contribute to the much-needed daily diet#vyef
(30 g) for our normal wellbeing [37].

Vitamins (Ascorbic acid andp-carotene)

Vitamin C

Vitamin C also known as ascorbic acid helps in filrenation of protein, collagen, bone, teeth, gucestilage,
blood vessels, skin and scar tissue [41]; facdgahe absorption of iron and calcium from the rg@gtestinal tract,
involved in fats and amino acid metabolisms, insesaresistance to infection and contributes tankfiictioning
[42]. Findings from the present study show thaumber of leafy WSWFPs are rich sources of Vitamiootpared
to the conventionally cultivated cabbage plant. Td@mmmended daily allowance (RDA) of vitamin C fonormal
adult is 65 to 90 mg [43], implying that consumptiof most leafy WSWFPs such as suctCome hirta(337.05
+ 1.50 mg/100g)Vernonia amygdaling318.12 + 1.00 mg/100g)calypha bipartita(138.89 + 1.05 mg/100g),
Solanum nigrum{141.01 + 0.81 mg/100g¥;rotalaria ochroleuca(126.00 + 1.06 mg), an@orchorus trilocularis
(98.03 + 0.88 mg/100g) could more than meet the RérAan adult compared to the consumption of tHebege
(57.41 + 0.47 mg/100g)

[-carotene contents

B-Carotene is the major precursor of vitamin A (relj. Its cleavage yields retinal - the first amdjuisite step to
produce retinoids, which are involved in many esiaémiological functions, including vision, reproction, cell
differentiation, gene expression, and general bodyntenance [44]. Compared to the cultivated cabhagnt,
leafy WSWFPs analysed in this study are much sapsdurces of-Carotenes. Similarly3-Carotene contents of
Hyptis spicigeraseeds of are comparable to that of sesame. Thenreended daily allowance (RDA) pfcarotene
for a normal adult is in the range of 60Qg for men, 480Qug for women and between 2400 and 43y for
children [45, 46]. This implies consumption of 18tams of WSWFPs such &onchus oleraceu€leome hirta
Solanum nigrum Senna obtusifoliaCrotalaria ochroleuca Vernonia amygdalinaAsystasia gangeticavigna
unguiculata Asystasia mysorensi3orchorus trilocularisand Amaranthus spinosusould supply all the RDA for
adult men, women and children. Mean while the comdion of about 100 g oBasella albaand Hibiscus
acetosellavould meet RDA of3-Carotene for children.

CONCLUSION

This research provides an overview of the proxintaposition, vitamin C and beta-carotene contehfifteen
selected leafy wild and semi-wild food plants (WS¢l from Bunyoro-Kitara Kingdom, Uganda. It confadithe
empirical knowledge of local people in a scientifimy. Compared to the conventionally planted cabbagost
leafy WSWFPs were generally richer sources of ents, right from protein, vitamin C, beta-carotecalories,
carbohydrates, dietary fibres, ash, and moisturd,therefore they can help improve household morriespecially
during the months preceding the harvest of cukdigatrops and also during periods of social unrestktary
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conflicts, droughts, famine, and other natural siatgphes. A diet of comprising of WSWFPs can dedlgiassure a
relief from some of the major and minor nutrienficiencies often faced by the poor people in Uganda

Senna obtusifoliavVernonia amygdalina, Acalypha bipartjtAsystasia gangeticandPhysalis peruvianavere the
richest sources of calories (50.45-544.31 kcal/L08gh content was highest (3.69-6.54 g/100g)/ernonia
amygdalina Solanum nigrumSenna obtusifoliaHyptis spicigera while protein was more abundant (5.20-12.11
g/100g) in Vernonia amygdalina Crotalaria ochroleuca, Senna obtusifolia, Acalyplgpartita, Corchorus
trilocularis and inSolanum nigrumrTotal fat content was highest 8enna obtusifoli2.05 + 0.07 g), anédcalypha
bipartita (1.32 = 0.10 g) while the tender leaves Wérnonia amygdalinaAsystasia gangeticaCorchorus
trilocularis, Senna obtusifoliaAsystasia mysorensend Hibiscus acetosellavere highest (7.49-38.62g/1009) in
carbohydrates contents. Good sources (3.50-7.7®g) lof dietary fibres wer§ernonia amygdalinaCrotalaria
ochroleucaandSonchus oleraceus

Vitamin C was highest (98.03-337.05 mg/100g)Gleome hirta Vernonia amygdalinaAcalypha bipartita
Solanum nigrumCrotalaria ochroleucaandCorchorus trilocularismore than RDA for an adult (65-90 mg). While
B-Carotene contents beyond the RDA were foun&amchus oleraceyleome hirta Solanum nigrumSenna
obtusifolia Crotalaria ochroleuca Vernonia amygdalina Asystasia gangeticaVigna unguiculata Asystasia
mysorensisCorchorus trilocularisand Amaranthus spinosudhis knowledge therefore creates a justificatioat
the wild leafy WSWFPs are important fooditems thetds popularization.

Recommendations

There is a need for policy-makers and technocratis at the local (counties, sub-counties, pariskidiages) and
national levels (e.g. Ministry of Agriculture, Anahindustry, and Fisheries) to create policies|aws or any other
avenues for mainstreaming the management of sonte gfutrient-rich WSWFPs into existing the farmsygtems
and any the programs (e.g. Plan for Modernisatfodgriculture) aimed at addressing household pgvartd food
insecurity. There is an urgent need for researctherpossibility of adapting, growing and inteniig managing
some of the nutrient-rich leafy WSWFPs (elfjbiscus acetosella A Large proportion of these plants were
reportedly gathered from the forests, bush landso@lands), grasslands and other out-of-farm nicheh as
wetlands and along village footpaths. There isedrfer an investigation of anti-nutrient factorsaxic compounds
that could be present in some of the documented WBNSome of these plants may contain lethal lesfeiexic
principles, and must therefore, be correctly preedsbefore consumption. So far in Uganda, litterapt has been
made in this direction. Therefore, attempts toaesein this aspect of WSWFPs would be quite reimgrd
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