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ABSTRACT

Polar and equatorial diameters, thicknesses, arglimmean diameters, frontal surface, cross seati@md total surface

areas, sphericities, shape indexes, roundnessas,aind bulk densities, porosities and rolling asgbs two surfaces of five
varieties of popularly cultivated onions in Nigengere determined. Analysis of variance (ANOVA) antl 5% level of

significance and least significant difference at ¥Xel probability were used to compare the datae €quatorial diameter,
polar diameter and thickness for Light Red onionmenthe largest among the varieties evaluated antegoas 6.53 + 0.94,

5.12 £ 0.59 and 2.53 +0.24 cm respectively. Thehanetic and geometric mean diameters of White oniere 4.36 + 0.42

and 4.0 £ 0.34 cm respectively; those of Red Creaee 4.42 + 0.40 and 4.11 + 0.33 cm and thdsbark Red onions are
4.48 +0.48 and 4.18 + 0.38 cm accordingly. Brownion had the least frontal, cross-sectional aoil surface areas of
17.74 + 3.43, 12,52 +2.28 and 27.60 + 3.99%espectively. All the varieties evaluated were avith shape index range of
1.65 + 0.21 to 1.87 + 0.21. The solid densities evebtained as 0.94 + 0.04, 0.91 + 0.0, 1.07 + 0.085 + 0.04 and 0.95 *

0.06 for Red Creole, Brown, Dark Red, White ancht.iged varieties of Nigerian onions respectivelglliRg angles of the

varieties ranged from 25 + 2° to 29 + 1° and 30.7L5° to 33.7 = 2.1° on galvanized steel and plysksarfaces respectively.
The ANOVA showed that the thicknesses, total surd@eas, solid densities, and rolling angles onvgalzed sheet and

plywood were not significant for the varieties weldlll other evaluated parameters were highly sigaiit.
Keywords: Polar diameter, equatorial diameter, frontal sack area, shape index, rolling angle, onions.

Nomenclature

Ac Cross-sectional surface area fgm

As Frontal surface area (én

Ao Area of smallest circumscribing circle (m
Ap largest projected area of bulb on screen’cm
Ccv Coefficient of Variation

Da Arithmetic mean diameter (cm)

De Equatorial diameter (cm)

Dy Geometric mean diameter (cm)

Dp Polar diameter (cm)

Mw Moisture content (%)

LSD Least Significant Difference

e Sphericity

Po Porosity (%)

Rg Rolling angle on galvanised steel (°)
Rn Roundness

Ro Rolling angle on plywood (°)

S Shape index

SD Standard Deviation

Th Thickness (cm)

Ts Total surface area (&n

Wi Mass of sample before oven drying (g)
W2 Mass of sample after oven drying (g)
b Bulk density (g crr)

ps Solid density (g cm)

INTRODUCTION

Onion @Allium cepa ) belongs to the genusllium of the
family Alliaceae It is naturally packed vegetable consisting
of fleshly connective scales enclosed in paperaikapping
leaves. Onion, as a plant, has short root and afyp and is
normally planted in nursery for 6 to 8 weeks befbeeng
transplanted into the field. Onions requires wediided flat
surface and climatic temperature range of 15 RCX6r a
good yield (NAERLS, 2008).

Onion is demanded world over, with China, Japan ladé
ranked topmost in its production. In 2004, the wodry
onion production was 56.8 million metric tonnes didca,
West Africa and Nigeria had dry onion productiofisi@®6,
1.06 and 0.62 metric tonnes respectively (FAOST2004).
Thus, Nigeria alone accounted for 1.1 and 14.6%vafd
and Africa production. The average yield of dry ami
production for the globe, Africa and Nigeria wei&3, 15.2

and 15.0 tonnes/ha respectively (FAOSTAT, 20042009,
global production of onion was 64.5 million tonn@AO,

2009). In 2012, 0.24 metric tonnes of green onams 1.35
metric tonnes of dry onions were produced in NmeStates
which produce onions in commercial quantity in Nige
include Kebbi, Sokoto, Borno, Jigawa, Bauchi, Kealamd
Kano States (Inuwa, 2001).

Onion is a commercial crop that is eaten for itkispss,
nutritional and medicinal values all over the wdorllt
contains natural sugar, vitamins A, B, C and E, ardis
such as calcium, sodium, potassium, iron, magnesinc
copper and constituents of fat, carbohydrate aratepr.
Onion is medicinal and has the potential for redgcihe
risk to cancer, blood thinning and headache
(Haciseferogullariet al., 2005; Jayeetaet al., 2012). In
Nigeria, onion is put as condiment in soup, salad a
barbecue, and at times eaten raw for its flavour.
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The knowledge of physical properties of agriculkura Vernier calliper

materials is essential for the design, improvementThe vernier calliper was used to measure the diropaof

optimization and the proper functioning of machiesrfor 30 samples of each variety in order to obtain tpeatorial

the planting, processing, harvesting, storage, ggiok, and polar diameters and the thicknesses of thelsamp

transportation and handling operations (Mohsen®86).

Evaluated physical quantites may be used as desig®verhead projector

parameters for storage facilities and structurgplieation  Overhead Projector (NOBO Quantum 2521 model) was us

of preservative and herbicides and other postharvedo project a magnified image of samples of oniongoaph

processing. But till date in Nigeria, planting, Westing, sheets for the determination of the sphericity emdchdness

sorting, cleaning, packaging, handling, and spmyof  of each sample.

onions are done manually by farmers. For machineset

developed for any of these processes, the physiogerties  Electronic meter balance

of the crop are required. Electronic meter balance (OPH-T3001 model) with the
sensitivity of 0.1g was used to determine the ntdssach

Physical properties of various agricultural matsrihave  sample and also used for weighing of sliced samipleéke

been studies by Mohsenin (1986); Bahnasaivgl. (2004)  determination of moisture content.

and Bahnasawy (2007). Others have studied the gqdlysi

properties of garlic (Haciseferogullaeit al., 2005), some  Graduated cylinder

Egyptian, Indian, Iranian and French onions cutsva A graduated cylinder (1000 ml) was used for the

(Abdel-Ghaffer and Hindey, 1984; Eweidaal.,1986; Maw  determination of volume of onions samples by water

et al., 1996; Abhayawiclet al., 2002; Ghaffariet al, 2013  displacement method.

and Kaveri and Thirupathi, 2015). However, the [tals

properties of Red Creole, Brown, Dark Red, Whitel an Planimeter

Light Red onions varieties popularly planted in &lig are  Planimeter (Aristo No. 1145) was used to measugetdtal

yet to be evaluated. Thus, the objective of thiglgtis to  surface areas of onion samples from the spreadirilum

determine the physical properties of five varieté®nions  foil used to wrap each bulb (Maet al., 1996; Bahnasawy,

commonly planted over the years in Nigeria. Thelgtalso  2007; and Kaveri and Thirupathi, 2015).

compared the mean values of the determined physical

properties of the crops. The popularly planted oniarieties ~ Graph sheet

in Nigeria can be easily described based on colmamely;  Images of the onion bulb samples of each variaiynfthe

White (Faran Albas3, Red Creole Dan Wurlg, Brown overhead projector were traced on graph paperstHer

(Bobinwg, Dark Red Dan Zarewd and Light Red Dan purpose of obtaining roundness of the bulb.

VwaronyQ onions. It is the physical properties of these

popularly cultivated Nigeria onion varieties thatea Aluminium foil

evaluated in this study. Aluminium foil was used to wrap the bulb samplesath

variety in order to determine the total surfaceaafiéhe used
MATERIALS AND METHODS foil was neatly spread on plane and the planimesed to
Samples Procurement measure the required total surface area.

Five varieties of onions were purchased at locatketain
Karfi, Kano State, Nigeria. The market is a majéacp  Determination of Moisture Content
where various onions and other vegetables (e.gatmes) The oven dried method was adopted in the deterinimaif
farmers from far and wide bring their produces &ale.  moisture content of each variety of onions studieample
From the market, onions and other vegetables aref each variety was peeled using kitchen knifestmaove the
transported to almost all parts of the country bgidiemen  dried outermost layer of the onions, and the frisfers
before getting to the final consumers. The fiveestd were sliced into small pieces of 3 x 3 x 5 mm. Ti&sses of
varieties were White Haran Albasd, Red Creole fan  the samples were determined using the electroni@nba
Wurlo), Brown Bobinwg, Dark Red Dan Zarewa and before and after oven drying for 24 hours at 105 °C
Light Red Pan Vwaronyd onions. These varieties were (Abhayawick et al., 2002). The moisture content of the
selected because they are the widely cultivatetget@s in  samples was calculated from the equation given BAB
this part of the country. It was ensured that thecpased (1990) as:
sample of each variety was not assorted and foreig?/[ W -, % 100
v =—

materials were removed from the samples as sodhegs A M
reached the laboratory. The study was carried ouh@  \here,Mw = moisture content (% wet basis)
Processing Laboratory, Agricultural and Bio-Resesrc Wi = mass of sample before oven drying (g)
Engineering Department, Ahmadu Bello Universityrida  W. = mass of sample after oven drying (g).
Nigeria.

Determination of Axial Dimensions
Instruments and Materials Used The polar and equatorial diameters and thicknee$e0
The following instruments and materials were used t randomly selected samples of each variety of onivase
determine the properties of the onion samples: measured using the vernier calliper. The polar di@mwas

taken as the linear length between the crown aatlaban
onion bulb. The equatorial diameter was the maximidth
of the bulb and perpendicular to the polar diamefethe
bulb. The thickness was taken as a length perpeladito
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the both the equatorial and polar diameters oftiiie but
smaller than either diameter (Bahansagtyal., 2004; and
Ghaffariet al.,2013).

Determination of Mean Diameters
From the measured dimensions of each bulb, ithragtic
and geometric mean diameters were determined lasvfol

Arithmetic mean diameter

Determination of Selected Physical Properties of Some Varieties of Onions in Nigeria

the bulb was then neatly spread on a plane ansuiface
area measured with the planimeter (Matval., 1996; and
Kaveri and Thairupathi, 2015).

Determination  of Index and
Roundness

The sphericity, shape index and roundness of thenen

bulb were determined to ascertain the shape ofdheties.

Sphericity, Shape

The arithmetic mean diameter was calculated from th Sphericity

measured equatorial and polar diameters and théskfer
each bulb from the equation given by Mohsenin (}38&l
Bahnasawet al. (2004) as:

D,+ D, + T,
D, = pfeh 2)
Where D= Arithmetic mean diameter (cm),
Dy = polar diameter (cm)
De = equatorial diameter (cm) and,
Tn = thickness (cm).

Geometric mean diameter
The geometric mean diameter was calculated fronthiese
measured dimensions of each bulb from the equajiien

by Bahnasawyet al. (2004) and Kaveri and Thairupathi

(2015) as:

Dy = (D, X Dy X Ty)'/? 3)
Dy = geometric mean diameter (cm) and other paraseter
previously defined.

Determination of Onions Areas

Three forms of surface areas were determined frben t

dimensions of the onion samples.

Frontal surface area

The frontal surface area of a 3-dimensional objsctts
appearance when cut at an intersecting plane doitgha
internal structure is displayed. It is calculatedni the
equation given by Bahnasavey al(2004) and Kaveri and
Thairupathi (2015)as:

T
A; =—D,D,

4 4

Where A = frontal surface area (&nand other parameters

as previously defined.

Cross sectional area

The cross sectional area is the area of the seekiposed by
a plane cutting a 3-dimensional object transverselyight
angle to the longest axis. According to Bahnasa2807)
and Kaveri and Thirupathi (2015), cross sectionaaais
given as:

(D + D, +Ty)?

c
4 9
where A = cross sectional area of onion bulbs{cm

)

Total surface area

Total surface area §Iis the total area of the exposed

outermost layer of an onion bulb with the root ol leaves
removed. The total surface area of three randollgcsed
samples of each variety studied was determinech Bathe
selected bulbs was wrapped completely in an alumirfoil

and the rest part of the foil cut off. The foil whiwrapped

Sphericity is defined as the ratio of the surfaceaaof a
sphere having the same volume as that of a biorakter
the surface area of the biomaterial. It measurew ho
spherical an object is and ranges from 0 to 1. Bghecan

be expresses according to Mohsenin (1986) and hogia
al. (2011) as:

D, X D, x T,)/3
o= OB T 5 ) (6)
e
where @ = sphericity, other parameters as previously
defined.

Shape index

Shape index is the ratio of the equatorial diamatet the
root of the product of polar diameter and thickneds
biomaterial and express by Bahnasagtyal. (2004) and
Bahnasawy (2007) as:

S De 7

"= o 7)
where $=shape index

Shape index is dimensionless. Bodies are said tovheif
shape index > 1.5 and said to be spherical if shagex <
1.5 (Abd alla, 1993; Kaveri and Thirupathi, 2015).

Roundness
Roundness measures the sharpness of the corneas of
object (Mohsenin, 1986).The roundness of a randomly
selected onion bulb was determined by projecting a
magnified image of the bulb on a graph screen usiirg
overhead projector. The image of the onions bulb treced
on the graph sheet. The largest projected areshanarea of
the smallest circumscribing circle were then meagdrom
the drawn images on the sheet for three samplesach
variety of onions. The procedure was repeated tlirees
for each sample and the average of the result aelaslated
for roundness from the expression given by Mohsenin
(1986) and Kaveri and Thairupathi (2015) as:
AP

"=, ®
where R = roundness,
A, = largest projected area of the bulb on screer)(and
Ao = area of smallest circumscribing circle &m

Determination of Densities and Porosities
The solid and bulk densities and the porosity ohgas of
the varieties of onions were determined as follows:

Solid density

Solid density of the onion bulbs was determinednfrihe
actual volume and mass of the materials. True velofrthe
bulbs of each variety was determined by droppingeas
in a graduated cylinder filled with water. The vole of the
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displaced water from the container was the voluofethe

Vol. 25, No. 1, Sept. 2018

respectively. Thus, the moisture contents of onerauated

onions immersed. The mass (g) of the immersed sEmpl were found to range from 81.5 to 84.7% (wet basitle

was divided by the displaced volume o obtain solid
density of each variety. The procedure was repetitest
times and the average value calculated as the defidity of
the variety (Bahnasawst al.,2004; Ghaffaret al.,2013).

Bulk density

Bulk density for each variety of onion was detereairby
pouring samples of the variety in a bucket of knoxgtume
and mass to fill to brim. The mass of the pouretbdwas
then measured on the electronic balance and diigeithe
volume of the container to get the bulk density tbé
variety. The procedure was repeated three timeséoh
variety and average bulk density calculated foheaariety
(Kaveri and Thairupathi, 2015)

Porosity

Porosity is the percentage void spaces in a magndis a
fraction of the volume of pores to the total volwrad the
solid materials within a space. Thus, indicating #mount
of void in the bulk material. Porosity was calcethtusing

the relationship Mohsenin (1986) and Kaveri

Thairupathi (2015) gave as:

P, = <1 - &) x 100 9
Ps

where B = porosity (%),
pb = bulk density (g cr)
ps= solid density (g cr).

Rolling Angles on Surfaces

ANOVA result showed that there was no significant
difference in the moisture contents of the vargeti€averi
and Thirupathi (2015) evaluated a variety of Ind@mon
within the moisture content range of 80.8 to 84.6 %
Abhayawicket al. (2002) obtained moisture contents of 82
to 93% for onions in France. While Bahanasaety al.
(2004) evaluated the physical properties of thrdévars of
onions at 81.3, 80.9 and 79.7% moisture contents.

Linear Dimensions

Table 1 shows the summary of the ANOVA for the &ne
dimensions and some of the other evaluated parasnefe
the varieties of onions studied. It shows thatehsra high
significant difference in the five varieties for thothe
equatorial and polar diameters, while there is igaicant
difference in the varieties’ thicknesses. This ieplthat the
size and shape of the onions are unique basedritya

Table 2 shows mean values, Standard Deviations &3i0)
Coefficient of Variation (CV) of some evaluated gaweters

andfor each of the varieties and the Least Signifidaifiterence

(LSD) results. For equatorial and polar diametdrs, Light
Red onion has the largest mean equatorial and polar
diameters of 6.53 £ 0.94 and 5.12 £ 0.59 cm respayt
However, there was no significant difference in the
equatorial diameters of Light Red, Dark Red and Bedle
onions as shown by the LSD result. Also there was n
significant difference in the equatorial diameterfs Red
Creole, Dark Red and White onions as indicated ailel 2.
The Brown onion has the least value of equatondl polar

Rolling angle of each sample was determined on twdiameters of 5.25 = 0.69 and 4.30 = 0.54 cm respdygt

surfaces, namely galvanised steel and plywood. & lnee

materials were selected for evaluation of rollimpgle of

onions because they are the mostly used mateodalshé

construction of rack for storage of the crop. Ttedaine the
rolling angle, a sample was placed in its mostlstpbsition

(to avoid toppling over) in a box platform whichncée

rotated vertically. The platform was then gradudilyed

vertically until the bulb just began to roll. Atelpoint, the
angle of inclination of the box was read from died
protractor (Buyanov and Voronyuk, 1985 and Bahngsetwv
al., 2004). The procedure was repeated three timesah
variety and the average value calculated as thieagangle

of the variety.

Analysis of Result
Statistical Analysis Software (SAS) version 9.0 wasd for
the data analysis. The evaluated parameters ofatieties

among the onions varieties. The polar diameter efl R
Creole onion of 4.53 + 0.62 cm was not statisticdlfferent
from that of the Brown onions of 4.30 + 0.54 cmpahe
polar diameters of Dark Red, White and the Red I€reo
onions of mean values of 4.75 + 0.66, 4.71 + 0A® 453 +
0.62 cm respectively were at par as shown by th® LS
results. On the thicknesses of the varieties, tightLRed
and the Dark Red onions have the mean values & 2.5
0.24 and 2.54 £ 0.19 cm respectively, while Browrioa
has the least value of 2.39 + 0.26 cm. Tablelshbatsthere
was no significant difference in thicknesses of vheeties,
and Table 2 confirms it. From the ANOVA results for
thicknesses of the varieties, the F value was 2\08le F
tabulated value was 2.37 at 5 % (level of configgnd.
Brown onion has the least value of mean thickné&s39 +
0.26 cm and Light Red onion has the highest meareaf
2.53 + 0.24 cm but the thicknesses of the varietvese

of onions were compared by Analysis of Variancestatistically at par. Bahnasavet al. (2004) obtained mean
(ANOVA) at 5% and 1% level of confidence to test fo equatorial and polar diameters ranges of 5.17 & ©%.75

significant difference. Least Significance Diffecen(LSD)
at 5% level of probability was used to classify theans of
the parameters by varieties.

RESULTS AND DISCUSSION

Moisture Contents

The average moisture contents of the five varieifesnions
were81.5, 83.2, 83.7, 81.2 and 84.6% for Red Crfoén
Wourlo), Brown Borinwa), Dark Red Dan Zerawd, White
(Faran Albasa and Light Red Dan Vwaronyd onions

+ 0.86 cm and 5.71 + 0.70 to 6.20 £ 1.59 cm re$pelgt
This implies that the Egyptian cultivars have largelar and
smaller equatorial diameters than the Nigerianvars. The
results of the equatorial and polar diameters efethaluated
varieties were also in agreement with the resulAofer-
Essa and Gamea (2003) which had means of 6.34 .@dd 5
cm for equatorial and polar diameters respectifelyGiza
20 onion bulbs studied in Egypt.



A. Afolabi and V. O. Fasiku Determination of Selected Physical Properties of Some Varieties of Onions in Nigeria

Table 1: Summary of ANOVA results for some evaddgparameters

F values calculated F tabulated
Source DF [ Dp Th Da Dy At Ac Ts 5% 1%
Variety | 4 9.23** 8.02* | 2.08° | 11.86** | 11.35* | 11.84** | 11.32* | 1.88° |2.37 | 3.32

Error 145
** means highly significant, * means significantcH¥ means not significant

Arithmetic and Geometric Mean Diameter The larger thicknesses of the Egyptian cultivarsoaot for
From Table 1, the results of the ANOVA for both the its larger areas as compared with the Nigerianvauh.
arithmetic and geometric mean diameters were highly

significantly different for the varieties evaluatedhe From Table 1, it was that observed the total serfaeas of
arithmetic and geometric diameter are used to desthe the evaluated varieties have no significant diffiee2 And
shapes of materials for the purpose of designindpegent  the mean values of the varietal total surface avesre all

for handling, processing or storage of the materia Table ranked as statistically equal by the LSD resuliTable 2.

2, the LSD result followed the same trend for bt The mean total surface area of the Light Red oniais
arithmetic and geometric mean diameters. In bollg t 269.3 + 99.78 cfmand that of Brown onion was 278.3+
Brown onion had the least values of 3.98 + 0.35217® +  28.28 cm. The lowness of the means of total surface area of
0.32 cm respectively. And the Light Red onion hae t Light Red onion was due to one of the randomly et
largest mean values of 4.73 + 0.48 and 4.38 + @Mlin  varieties being rather small as reflected by its G[®8.78
stated order. The other three varieties have valokes and CV. Bahnasawy (2007) obtained 136.37 + 313168 ¢
arithmetic and geometric means diameters whiclramked  for large size garlic, and Amer-Essa and Gamea 300
as equal by LSD. Bahnasavey al. (2004) obtained mean obtained 166.34 + 6.21 éraurface area dbiza 20onion.
arithmetic diameters of 5.74 + 1.06, 6.01 + 1.28 &b0 +

0.59 cm forGiza 6, Beheri and Giza 20 onions varieties Sphericity, Shape Index and Roundness

respectively. While the corresponding mean geometri Table 3 shows the summary of the ANOVA of the other
diameters are 5.72 + 1.05, 5.89 = 1.26 and 5.488 6m. evaluated parameters of the onions varieties rgngiom
This implies that the Egyptian cultivars of onioavk larger  shape index to rolling angles on surfaces. And dabl
mean diameters than the Nigerian cultivars, whiehdae to  shows the means values, SD, CV and LSD of the same
cultivar differences, agronomical practices andmalic parameters. From Table 3, the sphericity of théetias was

factors. highly significant. In Table 4, the sphericity ajur of the
varieties was classified as statistically equallyOBrown
Frontal, Cross Sectional and Total Surface Areas onion was found to have a sphericity of 0.72 = Oz0®l

The results of the ANOVA (Table 1) show that frdraad  classified as statistically different from and heghhan those
cross sectional areas were significantly differémt the  of the other varieties. The varieties of the oniutb were
varieties. This implies that the volume of conveetair and 66 to 72% spherical. Table 3 shows that like sgitgri
spray material that are required for processingindrand  shape index was also highly significant for theietégs. The
preserving the varieties are not same. The LSDitreRable LSD ranking in Table 4 shows that four varieties té
2, shows a common trend in the LSD ranking of theeties  onions were classified as equal in shape indexwBro
for frontal and cross sectional areas as obtained f onions with mean value of 1.65 + 0.21 was clasdifie
arithmetic and geometric diameters. From Tablh@,Red differently and lower in shape index than three tbé
Creole, Dark Red and White onions have statisticle  varieties and same with White onion with mean shiagex
same frontal areas of 22.39 + 4.83, 23.05 + 5.3D2%h00 + of 1.74 £+ 0.93. The mean shape indexes for alletias of
4.76 cni respectively. Brown and Light Red onions have theonion evaluated were each > 1.5. This implies tftat
lowest and highest values of the cross sectionehsaiof  varieties are all oval shape according to Abd All893).
12.52 + 2.28 and 17.72 + 3.65 tmespectively, which are Bahanasawt al.(2004) foundGiza 6 and Behemnions to
statistically different from one another and frohe tother  be oval in shape an@iza 20onion as spherical in shape.
varieties classified as equal in cross-sectional fiontal  Kevari and Thirupathi (2015) and Ghaffast al. (2013)
areas. Bahnasawet al. (2004) had the mean values of 26.68 found Iranian onions as spherical. The roundnesshef
+ 9.35, 29.52 + 12.46 and 23.96 * 4.95%dior the cross- varieties was not significant from Table 3 and Eablshows
sectional areas and 26.29, 28.81 and 23.33fomfrontal that LSD ranked roundness of all the varieties qsak
surface areas ofiza 6, Beheri and Giza 20 varieties of However, Light Red onion has the lowest value ofheness
Egyptian onions respectively. Thus, the surfacasuiad the of 0.83 + 0.03, and Red Creole has the highest mean
Egyptian onions were larger when compared to tligean  roundness of 0.90 = 0.08. It implies that all therieties
varieties due to the same reasons stated for meareters. have 83 to 90% roundness. Kaveri and Thirupathl$2@ot
the mean roundness of 0.87 + 0.04 and 0.84 + @O8dsh
and stored onions respectively.

—
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Table 2: Mean ranking of the physical propertiesgated
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Varieties De Dp Th Da Dg At Ac Ts
(cm) (cm) (cm) (cm) (cm) (cn?) (cm?) (cm?)
Means 6.2% 453" 2.49 4.42 4.1P 22.39 15.47 287.3
Red Creole SD 0.74 0.62 0.26 0.40 0.33 4.83 2.78 34.53
CV (%) 11.77 13.63 10.45 9.01 8.13 21.56 17.95 12.0
Means 5.25 4.30 2.39 3.98 3.76 17.74 12.52 278.3
Brown SD 0.69 0.54 0.26 0.35 0.32 3.43 2.28 28.36
CV (%) 13.16 12.55 10.75 8.79 8.79 19.34 18.25 40.1
Means 6.18 4.79 2.5%4 4.48 4.18 23.0% 15.9% 276.0
Dark Red SD 0.11 0.66 0.19 0.48 0.38 5.39 4.78 29.71
CV (%) 17.85 13.79 7.34 10.67 9.16 23.38 10.67 10.7
Means 5.91 4.7P 245 4.36 4.07 22.00 15.04 275.0
White SD 0.93 0.46 0.21 0.42 0.34 4.76 2.83 58.02
CV (%) 15.75 9.67 3.72 9.64 8.43 21.63 18.85 21.1(
Means 6.53 5.17 253 4.73 4.38 26.45 17.72 269.3
Light Red SD 0.94 0.59 0.24 0.48 0.41 5.87 3.65 98.78
CV (%) 14.43 11.44 9.59 10.21 9.35 22.19 20.62 86.6
Means followed by same letter are not signific&yimbols as defined in text
Table 3: ANOVA results for other physical propestie
F values calculated F tabulated
Source | @ S DF Rn pb ps Po Ry Ro 5% 1%
Variety | 4.29* | 3.95* | 4 0.59% 35.50* | 3.34% 25.02** 1.42% 1.51% | 3.48 | 5.99
Error 10
** means highly significant, * means significantcl¥¥ means not significant
Table 4: Mean ranking of other physical properties
Varieties O S Rn po Ps Po Ry Rp
(g cnm) (g cnt) (%) () ()
Means 0.66 1.87 0.9¢ 0.53 0.94 47.18 27.67 33.00
Red Creole SD 0.05 0.21 0.03 0.11 0.04 1.13 1.53 1.50
CcvVv 17.65 11.35 3.41 241 4.59 2.39 5.50 1.50
Means 0.72 1.68 0.84 0.57 0.97 42.36 27.30 30.70
Brown SD 0.06 0.21 0.06 0.13 0.05 2.12 2.28 3.10
CcvVv 8.59 12.52 7.68 2.30 5.44 5.00 18.25 10.00
Means 0.69 1.79 0.84 0.6F 1.07 39.10 27.33 33.70
Dark Red SD 0.07 0.11 0.06 0.12 0.08 1.25 3.20 2.10
CcVv 10.96 17.85 7.68 2.06 7.86 3.20 11.80 6.20
Means 0.69 1.74* 0.87 0.57 0.95 42.70 29.00 31.00
White SD 0.07 0.93 0.11 0.07 0.04 0.61 1.00 2.00
CcVv 10.39 15.75 12.14 1.06 4.59 1.43 3.40 6.50
Means 0.68 1.82 0.83 0.5Z 0.95 48.50 25.00 30.70
Light Red SD 0.05 0.94 0.03 0.10 0.06 1.03 2.00 1.50
CcVv 7.83 14.43 3.61 1.99 6.19 2.13 8.00 5.00

Means followed by same letter are not signific&ymbols as defined in text
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Bulk and Solid Densities and Porosity

Table 3 indicates that the bulk density of the etigs was
highly significant. Thus, the weight and cost
transportation of equal containers of the varietiesuld
differ. Table 4 shows that Dark Red onions hasl#ngest
bulk density of 0.61 + 0.12 g cinthe bulk densities of
Brown and White onions were classified as equabs&hof
Red Creole and Light Red onions of mean values &.53
0.11 and 0.52 + 0.10 g chrespectively were the lowest
class. In Table 3, solid density was not significkor the
varieties. Table 4 shows that the mean solid dessivere
1.07 £ 0.08, 0.95 + 0.06, 0.95 + 0.04, 0.94 + (164 0.91 +

0.05 g cn¥for Dark Red, Light Red, White, Red Creole and

Brown onions respectively and are all statically patr.

of

Determination of Selected Physical Properties of Some Varieties of Onions in Nigeria

plywood for the evaluated varieties were not sigaifitly
difference one from another.
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