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ABSTRACT

The human population in tropical Africa denpendsgyéy upon a large number of edible leaves to nugetvith
shortage in essential nutrients such as proteimemal, and vitamins. Seven tropical vegetable igsefTalium
triangulae, Amaranthus hybridus, colocaisa escuaefielfairia occidentails, Solanum nigrum, Carsgutaum
crepidiodes, and cindosculus aconitifolis) that arged as soup condiments in Nigeria either ingiecessed or
unprocessed forms, were subjected to tow cookinthads (cooking without blanching and cooking after
blanching). The effect of these cooking methodthemproximate composition and dietary fibre ofstheegetable
species were subsequently determined. The resutheostudy revealed that blanching and cookingseau
significant (p<0.05) reduction in the proteins, bahydrate and gross energy values of the vegetabteite it led
to significant (p<0.05) increase in moisture, fatd crude fibre contents of the vegetables. Caphas a resultant
increase on the ash content of the vegetables.e@ky cooking caused significant (p<0.05) reductim dietary
fibre and cell wall carbohydrate but a corresporglimcrease occurred in the soluble fibre contentha leafy
vegetables.

INTRODUCTION

Green leafy vegetables occupy an important placengrthe food crops as these provide adequate amofintany
vitamins, and minerals for humans (1). They adealsle sources of nutrients especially in rurabaref Nigeria
where they contribute substantially to nutrientsamins, dietary, fibre, energy and certain hormgnecursors,
which are usually in short supply in daily diets 824). Besides, they add flavour, variety, tastdor and aesthetic
appeal to what would otherwise be a monotonous(8)et Most tropical countries including Nigeriaeablessed
with a diversity of vegetable species which plalyasic role in nutrition and healthy body developtrn@n 7). In
Nigeria, they are used as ingredient in soups hactkfore serve as complements to most cereal dredt siaples
and help in alleviating hunger and food securitycbwtributing bulk of the nutritional componentstire diets of
people where animal products are scarce (3, and 5).

Several works and reports have been publishedténatures that processing techniques (Drying, Blamy
Abrasion with or without salt, Boiling) quantitagily and/or quantitatively modifies the nutritivelwa of some
commonly consumed plants food (vegetables inclysiveNigeria (5, 8, 9, 10 11, 12,). In Nigeria,like the
western worlds where green leafy vegetables areallyseconsumed in their unprocessed forms, greeffy lea
vegetables are usually used in soup preparatidinein processed and unprocessed forms, however thdimited
information with regards to the effect of cookingtimds on the nutrients and dietary fibre valuegreén leafy
vegetables soups. Therefore, the purpose of tinik/ $s to conduct investigation on the effect obking methods
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on the proximate composition, energy values, amdady fibore components of some selected Nigerig@rgiteafy
vegetables.

MATERIALS AND METHODS

SOURCES

The indigenous green leafy vegetables and otheedignts that were in soup preparation were pusthé®m the
local market in llaro, Ogun State, Nigeria. Thesgetables were Amarranthus hybridus (Tete), Taliiamgulae
(Gbure), Colocasia esculentum (Cocoyam leavesantoh nigrum (Igbo), Telifera occidentalis (Ugwueviko).
Crassocephalum crepidioides (Ebolo), Cnidoscolostifolus (ipaya).

PREPARATION

Each vegetable sample was destalked, cut intcssléred washed. Enough quantity of each vegetadretaken and
kept as the control. Each vegetable was dividéa two portions; one portion was subjected to btémg in hot

water at 1000C for 5 — 6 Mins, allowed to cool &mdher divided into two. A portion was reservesithe blanched
samples. The remaining blanched vegetables andriblanched vegetables were used to prepare végetsdup
using standard ingredients [table 1] as describe&hnh,2000 (13), which was modified by not usimy af the

animal protein sources to prepare the vegetablgsssoA common sauce was prepared for the vegetahfes. Out
of which 500ml was taken, into which 2509 of thardhed or unblanched vegetables were added akeéddor

further 5mins. The soups were allowed to cool stoded using air tight plastic containers in aigefrator pending
chemical analysis.

Table 1: Recipe for Vegetable Soups

Ingredients Amount
Dried Fish [kg 1.C
Meat [kg] 1.0
Ground Crayfish  90.0
Onions [g 2
Magi [g] 15
Pepper [g] 15
Salt [g] 10
Palm Oil [g] 35
Vegetables [g] 250
Water [ml] 1000

Adapted from Eboh, 2000

CHEMICAL ANALYSIS

The refrigerated samples of raw [R], blanched [Biplanched cooked [UBC] and blanched cooked [B@QEt&bles
were analyzed for their proximate composition usihg recommended methods of the Association ofciaffi
Analytical Chemist (14). Energy content was detaad by using Atwater factor of 4,9,4 to multiphet% crude
protein, % crude fat and % carbohydrate respegtigEb). Cell walls carbohydrate cellulose, henlideses and
lignin content of the samples were determined atingrto Fonnesbeck, 1976 (16) procedures. Diefidmg
analysis was performed by a modification of theyematic-gravimetric AOAC method (17).

STATISTICAL ANALYSIS

All the analysis were done using triplicate sampl&xperimental results were subjected to univaratalysis of
variance (ANOVA), and significant different of tte@ent means were compared by the methods, of Dunisang
the statistical package for the social scienceS&ER18).

RESULTS AND DISCUSSION

Table 2 present the proximate composition and tbesgenergy values of raw (R), blanched (B), raeked (RC),
and blanched cooked (BC) of some selected greéy vegetables (GLV). Considering the raw vegetaamples
(control), the moisture content of the samples eangetween 83.85g/100g in C. aconitifolis and 9¢/580gg in C
esculenta. The moisture level of samples in thislys agrees with the report of Jenson, 1978 (18) ftuit and
vegetables contain as high as 85% water. Blanghingess caused significant (P<0.05) increasedmhisture
content of the vegetables.
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Table 5: Effect of cooking methods on structural cebohydrate content [g] 100g wet weight] of selectekafy

vegetables
Sample Treatment | Total Dietary Fibre Cell wall Carbohydrate
Soluble Fibre | Insoluble Fibre | Total | Cellulose| €llulose Lignin
T. triangulae R 4.44 | 0.52 353 350 | 2.27 1.2¢ 0.94
B 416 | 0.63 3.02 3.1 | 2.05 113 0.9¢
UBC 3.7° | 0.69 2.54 278 | 152 1.23 0.96
A. hybridus BC 3.49 | 0.95 5.04 2.49 | 1.40 1.10 1.00'
R 551 | 047 4.8% 407 | 258 1.49' 1.43
B 547 | 059 4.3% 3.96 | 2.59 1.37 1.46
C. esculenta UBC 5.07 | 0.7Z 3.98¢ 363 | 216 1.45 1.44
BC 4.86 | 0.8¢ 4.63 3.70' | 2.0 1.34 1.48
R 511 | 0.48& 40T 3.29 | 2.53 117 1.40%
B 47% | 0.72 3.74 3.16 | 2.24 1.08 1.44
T. occidentalis UBC 458 | 0.8F 3.09 277 | 2.0 1.15 1.42
BC 427 | 113 4.18 3.18' | 1.78 1.02 1.45'
R 460 | 0.4F 3.9% 3.09 | 2.00' 1.15' 1.44
S. nigrum B 455 | 0.62 3.47 3.09 | 2.03 1.08 1.46
UBC 433 | 0.97 2.97 289 | 1.77 111 1.48
BC 3.99 | 1.0 2.2¢' 252 | 152 1.07 1.47
C. crepidiodes R 589 | 0.6F 5.2¢' 427 | 277 1.4¢ 1.62
B 579 | 0.7¢8 5.01° 417 | 274 1.3¢ 1.67
UBC 562 | 0.96 4.66 3.97 | 252 1.458 1.68
BC 527 | 1.18 412 359 | 2.23 1.36 1.68'
C. aconitifolius R 4537 | 0.59 5.72 3.7¢" | 2.46' 1.24 1.62
B 495 | 0.79 4.16 3.3% | 2.20 113 1.62
UBC 47% | 0.86 3.9 318 | 1.9%8 1.20 1.62
+SEM BC 45¢ | 1.0¢ 3.42 2.85 | 1.76 1.09 1.65
R 4.68 | 0.55° 413 3.44 | 2.22 1.22 1.24
B 45% | 0.69 3.84 3.2F | 2.20 1.07 1.26
UBC 420 | 0.87 3.3% 292 | 178 1.14 1.2¢8
BC 3.9% | 0.9¢ 2.92 2.62 | 150 1.02 1.2¢'
0.024 | 0.002 0.031 0.039 | 0.035 0.52 0.045
. Mean values in a column within a group denotediffgrént superscripts differ significantly at P<®.0

**+SM Standard error of the mean

The change in moisture content of the samplessiparse to the cooking methods is similar in allghmples, with
blanched cooked vegetables’ soups having highetstune content (87.38g/100g to 92.76g/100g). Toedase in
moisture content will lead to reduction in the dmgtter contents due to dilution of soluble solitshie food sample.

The protein values for the unprocessed samplesdragcording to species, with S. nigrum and C didolis falling
within extremes of lower (2.58g/100g) protein valuespectively. Although there are some variapeetein
values obtained in this study are close to vall®ained by Aletor and Adeogun, 1995 (7) on freglvés of some
T. triangulae (2.5g/100g), C crepidiodes (3.49/2008 nigrum (2.9g100g), A. hybridus (2.99/100g)daT.
occidentalis (4.3g/100g). Also protein value forACconitifolis differs slightly to that obtainedy®boh, 2005 (11)
for the same samples (7.8g/100g). These variatitmsbe caused by a lot of factors such as sodition, the age
of the vegetable sample, and agronomic factorandling caused 16.95% to 30.82% reduction in pratentents
of the vegetables. Cooking the raw vegetablesethtesduction in their protein contents but theumidn was not
as pronounced in the cooked blanched samples5@8-247.20% reduction). The reduced protein cdstefthe
cooked vegetables could be attributed to the sgvefithermal process during cooking (20).

The carbohydrates (NFE) levels in these leafy \ages were relatively low and their levels variéghsicantly
(P<0.05) according to the species of the vegetabldfe value is highest in C. aconitifolis (2.8¢0g0to
4.18g/100g) and lowest in C. crepidiodes (0.97g#1i@02.159/100g). Aletor and Adeogun 1995 (7) olese lower
values in T. triangulae (2.19/100g), C. crepidiofie®g/100g), A. hybridus (0.19/100g), T, occidén(@.1g/100g).
The difference may be due to the physiologicakstdtthe plant before harvesting (21). Cookingsesua greater
reduction (39.76% to 53.93%) in the level of canjmbate than blanching (15.60% to 44.15%). Howelkere was
further reduction in carbohydrate when the hieimg vegetables were subjected to cooking. Thaltratso agrees
with the earlier work carried out on C. aconitifolby Oboh, 2005 (12). This significant (P<0.05%sloof
carbohydrate may be attributed to thermal hydrslgdithe carbohydrate with the formation of simgilgaccharides
and monosaccharides that are relatively solublecandbe leached into the cooking water (22).
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Fat content for the raw samples varied with specigth the highest value of 0.83g/100g observe@iresculenta
and the lowest value of 0.369/100g found in S.umigr These low values of fat obtained in all thgetables used
in this study corroborate the findings of many aushwhich showed that leafy vegetables are poorcesuof fat.
(7, 12, 23, 24, 25). Due to the generally low lesfecrude fat in the vegetables’ leaves, theirstonption in large
amount in a good dietary habit and may be recomernd individuals suffering from overweight or oite<6).
Blanching of the leaves did not cause any significdhange in the fat content of the leafy vegethiles jconfirms
the reports of Oboh, 2005 (12) and Mepba et al,7200) on effect of blanching on similar leafy veajges.
However an increase in fat content was observdxbih raw vegetable soups and blenched vegetabfessolinis
increase may be attributed to the fat content@fpddm oil that was used to prepare the soups.

The ash content of a foodstuff is the inorganiddies remaining after the organic matter has beettraled in a
muffle furnace (26, 27.) The ash contents of lmatbked and uncooked green leafy vegetables astddpictable 2
revealed that blanching caused a significant (FX0d@crease (25.15% to 36.85%) in the ash cont€he reason
for the decrease in ash content may be as a #deliching of some onorganic salt into the blanghwvater (8, 11).
It was however observed that the vegetable soups lhigher ash content (1.84g/100g to 6.959/100ay) the raw
vegetables (1.60g/100g/ to 6.359/100g) and thechkxh vegetables. This is because heating doedestioy the
inorganic component of food and even if the inoigaselt were leached into the soup sauce they wete
completely lost. The ash contents of the unprazksegetables are moderately high, with the higfoestd in A.
hybridus (6.35¢g/100g) and the least ash contergtimdxd in T. trinagulae (1.0g/100g). This resuliniconformity
with the observation of previous workers (7, 12,d8) the ash content of similar green leafy vedetabonsumed in
Nigeria. The high values of ash observed in @lldafy vegetables is a good indicator that theed samples are
good sources of minerals when compared to valuesreg for cereals and tubers (28, 3).

The gross energy value of the unprocessed grenvegetables are all between 26.21kcal and 494l8ker 1009
of wet sample with highest levels found in C. atifolis and the lowest found in S. nigrum. Thesedls are low
due to low crude fat level and relatively high lisvef moisture. The daily energy requirement 0d@%o 3000kcal
has been reported for adults (29). For an adubibtain form any of these vegetables an energyevafl2750kcal
per day which is within the range reported by Baighl1978 (30), the individual would need to consumatveen

5kg and 10kg or vegetables is fresh state. Beoaniyeup to 3.0% of each of this amount is eatgmt individual

per day, these leafy vegetables can thereforedssified as low energy foods. (6). All the preieg techniques
caused significant reduction in the gross enerdyesof the GLVS with blanched cooked vegetablepschaving

the lowest gross energy level.

The respective mean GLVS as depicted in tablevBated that blanching and cooking increase theecfilite
contents of the GLVS. However there is no sigaific difference (P<0.05) between blanched vegetabiel
cooked blanched vegetables.

STRUCTURAL CARBOHYDRATES

Dietary fibre is considered to be plant cell skaleémains that are resistant to digestion. Algtoprimarily, plant
cell walls consisting of cellulose, hemicellulosealdignin, dietary fibre also includes soluble m#gcharides such
as pectin, plant gums, and mucilages. Fibre istotally carbohydrate because it includes ligniniahhis a non-
carbohydrate polymer ( 31, 32). Table 3 presdrasdietary fibre contents (souble, insouluble, tidl), cell was
carbohydrate and lignin of the raw, blanched anuked vegetables. The dietary fibre level in rawetables in
between 4.449/100g im. trinagulaecand 5.89g/100g in S. nigrum. Lintas and Cappelld®88 (32) recorded a
lower dietary fibre levels ranging from 0.549/10t@g4.459/100g, fresh weight as their findings o @malysis
performed on several vegetables and fruits. Asandg the soluble: insoluble dietary fibre ratiomarked
prevalence of insoluble fibre components was olexkin all cases, the insoluble fractions repreagnti 85% of
total dietary fibre. On the average, cooked vdgetahad ower dietary fibre and a prevalence dlitse fibre.
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Table 5: Effect of cooking methods on structural cebohydrate content [g] 100g wet weight] of selectekafy

vegetables
SAMPLE TREATMENT | Moisture | Proteir | Crude Fibr | Carbohydrat | Fal Ash Energy
R 90.37 2.67 1.35 3.63 0.44 | 1.60 | 29.59
B 91.37 2.03 2.0 2.7% 0.79 | 1.07 | 26.49
T. triangulea UBC 91.07 247 | 176 219 0.68 | 1.84 | 25.02
BC 92.27 119 2.16' 1.604 0.89' | 1.17 | 22.28
R 85.55 3.87 1.22 2.50" 057 | 6.35 | 30.40
A. hybridus B 87.87 294 | 1.7F 211 073 | 45 | 27.08
UBC 86.34 3.20° 1.53 1.34 0.64 | 6.95 | 24.10
BC 88.87 2.04 1.77 1.0 0.7% | 558 | 18.94
C. esculenta R 90.58 3.3 1.28 2.25 0.83 | 1.74 | 29.99
B 92.16 2.42 1.68 1.2 137 | 117 | 27.16
UBC 91.24 2.87 1.5 1.27 1.12 | 2.08' | 26.54
BC 92.76' 2.02 1.68 0.82 1.37 | 1.39 | 23.78
T. occidentalis R 85.94 472 1.08 2.5¢' 0.3¢ | 5.39 | 32.2¢
B 88.10 3.49 1.67 217 0.7¢0 | 3.89 | 29.34
UBC 86.52b | 4.27 1.46 1.19 0.5%8 | 6.06' | 26.7F
S. nigrum BC 88.66d | 2.8 | 1.67 117 0.74 | 489 | 22.98
R 88.19a | 2.58 1.64 3.06' 0.36 | 4.17 | 26.2F
B 90.25% 214 2.03 2.37 0.41 | 2.63 | 23.54
C. crepidiodes UBC 89.75 2.41 1.84 1.48 0.43 | 471 | 1953
BC 90.75 1.88 | 2.0% 1.06' 0.68 | 3.6% | 19.5%
R 89.7% 4.24 158 2.15' 0.52 | 1.85 | 30.57
B 91.2% 2.93 1.97 1.57 0.58 | 1.25 | 27.50
C. aconitifolis UBC 90.22 3.64 1.7¢ 1.42 0.89 | 2.07 | 28.40¢
+SEM BC 92.28' 2.33 1.97 0.97 1.03' | 1.48 | 22.67
R 83.85% 6.69' 1.44 418 0.58 | 3.26 | 49.1¢
B 86.38 4.84 1.95 3.3¢ 0.61 | 2.44 | 42471
UBC 84.64 5.69 1.86 3.10 0.8% | 3.9 | 42.9¢
BC 87.3¢' 4.04 1.95 2.68 1.01 | 2.94 | 36.37
0.091 0.023 | 0.011 0.073 0.07 | 0.052| 0.313
. Mean values in a column within a group denotediffgrént superscripts differ significantly at P<®.0

**+SM Standard error of the mean

A comparison of dietary fibre contents in seleatet and cooked vegetables as recorded in Taldeealed that,
in general cooking had significant (P<0.05) rechrcteffect on the total dietary fibre content of tegetables
considered in this study. Blanching and cookingisea significant increase in soluble fibre contemith
corresponding decrease in insoluble fibre contdihiis finding is in agreement with the reports &, 1987 (33),
and Lintas and Cappelloni, 1988 (32) that heatrmeat caused solubilization of dietary fibre witkeaation of its
physiological properties.

Taking the raw vegetables into consideration, thmibellulose levels (2.00g/100g to 2.58b/100g) lagher than
the cellulose contents (1.15g/100g to 1.49g/100ghis corroborated the fact that the types of fipresent in
vegetables and fruit are largely water soluble ipeghd hemicellulose, while in cereals the majodfyfibre are
non-souble cellulose and lignin (34), The respaidignin contents of the leaves to cooking methealsed in each
specie. However, except in T. occidentalis, cogkiaused slight increase in the lignin contenthefleaves. It is
a known fact that factors such as botanical varigtywing conditions, and particular degree of matuaffect the

fibre content of vegetables (32). Sometimes tiemnfusion as to the differences between cruate fand dietary
fibre of foodstuff. The method for determining deufibre consists basically of measuring the resickmaining
after acid and basic hydrolysis. It is known ttfe crude fibre method covers 50-80% of the cedlejdl0-50%
lignin, and 20% of the hemicellulose. The aforetitered explained the variation observed in the erfihre

contents (1.08g/100g to 1.64g/100g) and the tatahdy fibre levels (4.44g/100g to 5.89¢/100q) lné green leafy
vegetables considered in this study.

CONCLUSION

This revealed that the different species of greafyl vegetable contain appreciable quantity ofginoand dietary
fibre. Also Cooking and blanching have inevitabnsequences on the nutritional values of the vetgtaThe
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macronutrients (proteins, carbohydrates, fats)anat within the vegetables showed varying degfestability

when they were cooked. Cooking the leafy vegetatdessed only small changes in total dietary filwatents of
the samples. However, redistribution from insolutbesoluble fibre components was observed. The gdmin

dietary fibre stability reported in this study aggestive of modification in cell wall componedtsing cooking. It
is known that factors such as botanical varietgwing conditions and degree of maturity affect tiodritive values
of vegetables. Consequently it appears quite diffito interpret eventual differences observed agneegetables
when such parameters are not known.
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