N AND HIERARCHICAL CLUSTER

CORRE ? CITRUS FRUIT
QUANT]FICATION, CONTENT DATA OF VARIET|R
ANALYSIS OF THE MINERAE 0t iy M. T, Jibril, N, o o vunmi, A, .
Salau, R. B., Nwakife, L. Y- Federal University of Technology, P.M B, 65

istry,

.partment of Chemist! e
Depart Minna, Nigeria ‘
uthor: rasagsalau futminna.edu.ng,

1347032637182

,LATIO

*Corresponding A
Tel:

all over the world, their health benefitg are
d and similar are the varieties of citryg fruits
f processed citrus fruits drinks. Triplicateg of

ABSTRACT _
Citrus fruits are widely
highly cherished as well.

grown and consume_d
However, how varie

' i i lity control 0
remain a contentious I1ssue In qua : a5 1ks
twelve samples containing six citrus fruit varieties Were collected. The varieties were peeleg

and prepared as both juice and whole edible portion. The samples were digested with Nitrig

acid and hydrogen peroxide. Flame EmissiQn Photometer a];lfl .:AtOH’llC .Absorpti(m
Spectrometer were used to determine the mineral elements. y&cpchemwal studies
including sensory were also conducted. The re§ult shows that all the varieties recorded the
presence of the mineral elements in the following ranges: Na (1.09-15.30); K (9.87-37.28),
Ca (1.83-3.65); Mg (2.14-4.41); Fe (4.98-13.60); Mn (1.84-3.72); Cu (.1.82-3..70); Zn (2.06-
4.63) mg/100g. The dendrogram of the hierarchical cluster fanalys_ls dgnved from two
principal components with cumulative variance of 92.36%, classifies citrus into three groups
based on elements signatures. The grapefruit pair of Duncan (edible portion) and Pumelg
(juice) is found to be closest substitute. There are prominent mutual correlations between
density and colourimetry as well as sensory faste and conductivity. The hierarchical cluster
analysis characterized the parameters that are peculiar to citrus species. This characterization
is invaluable in quality control and authenticity monitor in processed fruit drinks.

Key words: citrus; mineral; dendrogram; correlation; authenticity

INTRODUCTION
Fruit and fruit juices are taken as refreshing, healthy foods. This has encouraged the rise in
number of juice processing both home-made and industry. Public health organisations too are
not left out in the prpmgtion of health benefits inherent in the consumption of fruits and fruit
Jmmce_:;d[ 10]f gnrlxl;}i fl')runs in part_icular are highly appreciated for their pleasant juices and for the
citﬁs fmitse}?ave ;;eiﬁtiizll]nbuted to them. Therapeutic and health management potency of
Bl dckivit 2] eCy reported in mineral deficiency, antiviral, anticancer and anti-
constituents which are resp‘on;?l}lls ?Ontams arge murnlir of bipsstive Chipiuegl it M C
fruits [3, 4, 5]. The employment Zfot{nlah:its CHS?W_, ﬂl}tfitional e st ?ms
diseases is traceable to the substantial va\lurus fm]ts. n Fhe management of mineral deficterey
as analytic method for foods was bome - lh?lr mmera'l SOMIENES [6, 2, 7). Chemomet
information [8, 9]. Reports of some fraud out of its versatility in the extraction of relevatt
raudulent practices are on increase. These include oranEe

labeled juice products whi o "
this study, FES and Azé“\cvl;lﬁrlfig ;\s ChlevoUSI_Y containing traces of grapefruit juice (1, 3]'1.“
is (o extract information in or and multivariate correlation analysis are employed This

, . : der to e R
citrus fruit varietjes. Xplore the discriminating and unique properties of pur®
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MATERIALS AND METHOD

Triplicate samples of : :

me?ropolis in Igﬁger Stalt:tza. ‘g:;s lﬁults plant parts anq varieties were obtained from Minna
were collected. The citrug foodp s of orange, tangerine, lemon, lime, grapefruit and pomelo
forms. The six physicochemica] Samph“-S_ Were prepared both in juice and both edible portion
Density, Colour and Sensory. Tagt?f::‘()es measured include the pH, Electrical Conductivity,
response was scaled as: 7- sweet 6-sli an e UIS(olly sensory property determined. Taste

i slightl : : :
bitter, 1- bland. The average of six volugntezr:‘:;:zt; e5c ghdgeh;ly sour, 4-sour, 3- slightly bitter, 2-

Two gram (2 g_,) of each of the samples was digested with
t[l)lzsz:i;if?::g?gt?;l\}a dand S Wh%le Ee’ Zn, Cd, Mg, Cu and Mn were determined by AAS.
el bl e o ar\;v . the multivariate correlation analysis were carried out on Microsoft
Accuralcjy of the rezfllts lncli?ws_'1;11e HCA was performed using MATLAB with PLS toolbox.
Obtained was validated wi . :
reference material of trace elem °d with the use of SRM 1570a: a certified

ents in spinach leaves as well as quality control in the HCA
model. Only the good-fit calibration plots with R? above 0.980 wereqused.y

acid [6]. FES was used to determine

RESULTS AND DISCUSSIONS
Physico-chemical parameters

The citrus fruit varieties show wide range of physicochemical properties. Table 1 presents the
values of physicochemical parameters. The result shows that all the citrus fruits are acidic. This
is attributed to the remarkable presence of some acids like citric, ascorbic and hydroxcynamic
acid [3]. Bitterness in citrus fruits is sometimes bome out of substituted saccharide naringin
[5]. Generally, acids taste sour while bases taste bitter. The moderate taste response in citrus
fruits could be as a result of blends of acidic and basic phyto-chemical contents [10]. They all
share fair conductivity, implying that they have ionisable molecular content. They are close in
terms of density but higher than water. Their colours are also of close range of intensity.

Table 1: Physicochemical Properties of Citrus Varieties

pH  Conductivity x107(Sm’™) Colourimetry ~ Density(g/cm’) Sensory

Lemon 2.19 53 0.86 1.08 4
Tangerine 3.83 41 0.90 1.08 6
Lime 1.77 22 0.81 1.08 3
Duncan 231 41 0.72 182 i
Orange 3.27 o2 37/3 1.09 4
Pomelo 3.06 55 : 1-05 )
Water 7.01 0.5 0.00 .
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Contents

1e Mineral ' _ o
s of tl trus fruits was considered statistically. Table 2'gi
ves

escriptive Statistic e Minerd? -
: > s distribution in cl

The average element
the summary.

e Mineral Contents of Citrus Varieties

Mn Ccu

ive Statistics of th
K Fe

Table 2: Descript

1.98 2.43 1.98

4.33

Wode 2.19 37.28 5.53 2.16 1.86 1.83 2.37 A
mMode 2. . Ve e 2%
; dard Deviation 4.95 9.07 2.23 0.62 S 0.50
romost 2.84 -0.66 10.84 12.97 12.99 12.99 11.77 13.00
K"‘n05|5 2.04 -0.28 3.18 3.60 3.60 3.60 3.37 S0
5<_ewness 1.09 9.87 4.98 2.14 1.84 1.82 2.06 1.83

m " |

s 15.30 37.28 13.60 a.41 3.72 3.70 4.63 3.65
ronfident 2.99 5.48 1.35 0.38 0.31 0.31 0.41 P

confidence LeveltBS.D%)

The elements distributions, in Table 2 at 95% confidence intfsrval showed positive skewness
values except K. The concentrations of the elements are'umque. to specific specie of citrus
fruit. The kurtosis values suggest peaked clustered distribution relative to the normal
distribution. The negative kurtosis value obtained in the case of potassium distribution is an
evidence of exceptional high values of it in the citrus contents which contributes to the
flatness of the distributions. These varied contents of the citrus varicties lend support to the
uniqueness of each of them despite similar major contents.

The mean and the ranges of concentrations of elements showed the citrus fruits can play
supplementary role .1 mineral health management. The food quality index of Na/K molar
ratio of the citrus fruits 0.29 which is within the less than 1 value recommended for blood
Ithy individual [11, 12].

pressure and cellular fluid regulations in hea

Pair wise Correlation Matrix
The relevance of the correlation matrix analysis is to give insight into element

interdependence in the studied citrus fruits [10, 13]. Information about the interdependence of
the physico-chemical properties is needed to know if increasing consumption of the fruits for
certain desirable properties mi ght carry along the correlated undesirable property- Similarly,
the correlation analysis information also helps in characterization of the general profile of the

citrus fruits. [13] . Table 3 and 4 give the correlation matrix of the physico-pmpert)’ and
element content of citrus fruits.

Table 3: Correlation Matrix for Citrus Fruits Physico-chemical Properties

= pH Colourimetry Conductivity Density Sensary

o) 1

Colourimetry -0.873 1

Conductivity -0.677 0.818 1

Density -0.798 0.904 0.838 1

Sensory 0.822 0.831 0.945 0.783 !

: ive
_ High post!

Negati o
C;%:{;‘t’ieo ;C;ZS:IES& exists betw;ep pH and both sensory and Colourimetry
een conductivity and sensory as well as density and Colourimetry:
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Table 4 Correlation Matrix for Citryg Fruits Element Content
/——Na K Fe M
g Mn Cu Zn Ca
= 1.0000
h 01290 10000
e 05975  0.1306  1.0000
0 06637 01913 09655 1.0000
i 06605 01844 09664 09993  1.0000
v 06061 ~ 0.1897 09627 0.9935 0.999g 1.0000
= 0.0239) 01854, 09633 03853 03829 09507 oG
s 0.6651 0.1860 0.9650  0.9935 0.9g9g 0.9988  0.9807  1.0000

Strong correlations are also observed in Mg and Fe, Mn and Fe, Cu with Fe and Mg, Zn with
Fe, Mg, Mn and Cu, Ca with Fe, Mg and Zn. The correlations of K, Na and Fe with other
elements were below 0.9. This means that Mg, Mn, Cu and Ca are always present in all citrus
fruits. In food quality control analysis, these elements represent the signature of citrus fruits.
The integrity of any of the citrus fruits

without these elements as major content is
questionable. The high correlation values between these elements imply that they go along
together in the fruits.

Hierarchical Cluster Analysis

The HCA is employed to give further information about interrelationship, similarity and
closeness of the Citrus fruit samples. Figure 1 shows the dendrogram of the HCA. Three
major clusters were observable: [2,8, 10 ( Duncan edible portion, orange edible poruon,
Pumelo Juice)], [5,7,10 (Duncan Juice, Lime Juice, Tangerine Juige)] and‘ [1,3,4,6,9,?1(
orange Juice, Orange edible portion, Lemon edible portion, Lim.e e.dlble portion, Tal}gerlne
edible portion, Tangerine J uice)]. Each group have sam.ph.es of similar mineral quantity and
quality. The dendrogram further shows pairs of fruit varieties that have close substitutability.
This means any of these varieties consumed have equivalent elements content. Consumer can
make choice without any element content prejudice.

1 . .ts
Flg“re 1: Dendrogram HCA of the mineral Content of the Citrus Frui

CONCLU s % .
SION g t presence in citrus fruits.
: e significant pre :
. studied mineral elements were observed to hav‘ gl health application. From s
Cilrus o 1

i f the
; . inent. Other element mgnat_ures of

- to be higly promines sicochemical
S fmsag'ﬂyﬁf{ Iidwa(s:ufo;&d Ca.The pH is inversely rel?dt?d E?hgt];;rerpakrlzhical Cluster
Parameters, the values %;lere majorly below 7 and hence acidic.
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Analysis (HCA) also reveals citrus fruit substitutabi]ity. .T-hc tc):onsu;;pt;znvaclwze?g?i;n
grapefruit edible portion is equivalent to Pumelo grapefruit juice Bcis erties revealed the
mineral content in them are very close. With the _()b}/IOUS s1gnat'u.r:3 P r]:l) Ainadh fraudljlle i
correlation and HCA can be employed 1n identifying authenticity, O g n
labelled citrus fruits product.
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