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ABSTRACT

Fortunella margarita is an excellent source of acids, sugars and phenolic compounds, the cultivation of which has
become popular in Jordan in the last few years. The aim was to observe the quality of the kumquat fruits cultivated
in Irbid and the Ghor Valley. Physical properties such as size, density, sphericity, porosity and color were mea-
sured. Total titrable acidity (TTA), total soluble solids (TSS), Ascorbic Acid (AA), pH and phenolic compounds
were evaluated in the pulp-rind extract. Total phenols (TPC), flavonoids and carotenoids were measured by spec-
trophotometry at 765, 430 and 470-664 nm, respectively. High porosity (67%), fruit size (37.4 mm) and juice
yield (25.5%) were achieved in the Ghor kumquat crop. The high levels of TPC (2039.2 mg GAE/100 g), AA
(0.361 mg/ml) and carotenoids (1.15 mg/100 g) registered in this same crop, attribute it better functional and me-
dicinal properties. Moreover, the Ghor cultivation presented better taste, associated with high values of pH (3.47),
TSS (5%) and low levels of TTA (1.55%). The high concentration of total carotenoids recorded in the Ghor’s
kumquat was associated with the intense and bright orange color of its rind, related with high values of the color
coordinates + a, + b and L of the CIELab system. The great porosity of its rind, makes the kumquat a suitable fruit
for impregnating with salt or sugar solutions as well as developing new kumquat products with better flavor and
nutritional value. The ranges found in the properties of kumquat crops, are attributed to the different temperatures
of Ghor and Irbid.
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INTRODUCTION

The kumquat fruits are citrus native to Chi-
na, which propagated to other regions by Rob-
ert Fortune who transported them to Europe
in 1846 [Spiegel-Roy & Goldschmidt, 1996]
and from there they have spread all around the
world. The kumquat belongs to the Rutacea
family and it is known for its sweet and sour
taste, small size and consumable rind [www.
theplantlist.org/tpl/record/kew-2724150]. It
has four major cultivated types: Fortunella
Japonica, Fortunella margarita, Fortunella
crassifolia and Fortunella handsii [Ogawa et
al., 2001]. Dugo et al., 2010; inserted to the
classification the variety Fortunella polyandra
“Malayan kumquat”, naming Fortunella Ja-
ponica (Thunb) as Swingle “Marumi kumquat”
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and Fortunella margarita (Lour) as Swingle
“Nagami kumquat”. Other authors include va-
rieties as the Nordmann Seedless Kumgquat,
which is similar size and flavor to Nagami; the
Fukushu Kumquat which is a hybrid kumquat-
mandarin and the Centennial Variegated Kum-
quat [www.fourwindsgrowers.com/blogs/four-
winds-growing/8-great-kumquat-varieties].

The variety Fortunella margarita also called
“Nagami kumquat” is the most popular species
worldwide [Babazadeh & Jaimand, 2019], espe-
cially in the USA. The fruit of this variety stands out
for its medium, oval size fruit with a bright orange,
thick peel as well as a sweet-tart pulp and juice.

Kumgquat is an excellent source of sugars and
acids. Some researchers have claimed that the va-
riety may influence the physicochemical traits of
kumgquat [Tang et al., 2013].
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Among the components of kumquat are the
soluble solids (TSS), which are a mixture of sug-
ars and organic acids. The quotient of TSS per
titratable total acidity (TTA) displays the Matu-
rity Index (MI), which associates the taste quality.
Sugars represent around 80% of TSS, sucrose be-
ing the most plentiful sugar, followed by fructose
and glucose [Varnam & Sutherland, 2012].

Ascorbic acid, present in considerable quan-
tities in the kumquat, is a compound with great
antioxidant power that the human body is not
able to synthesize, for this reason; this is taken
from vegetables and fruits. This acts as an ac-
tive antioxidant in oxidation and reduction reac-
tions, associating the content of ascorbic acid to
the antioxidant capacity of fruits and vegetables
[Pérez, 2020]. Color is the result of chemical, bio-
chemical, physical and even microbial processes
ocurring during the growth, at maturity- ripening
stage and post-harvest management of the fruit. It
is considered a quality attribute, which combined
with sweetness, acidity, aroma and size, contrib-
ute to consumer acceptability.

Some health benefits of kumquat fruit are due
to its “functional” properties attributed to its phe-
nolic compounds, such as the total phenols (TPC),
flavonoids, carotenoids, etc. The ‘“functional”
qualities are understood as those that make a food
have a potentially positive effect on health be-
yond basic nutrition [Pérez, 2004; Pérez, 2014].
The TPC are antioxidant organic compounds,
with variable molecular structures, which con-
tain at least one phenol group, and an aromatic
ring linked to a hydroxyl group. They comprise
a diverse group of secondary metabolites present
in higher plants [Labbe et al., 2016]. Carotenoids
are natural pigments known in some research as
promoters in the reduction of cancers, cataracts
and heart disease [Preedy et al., 2011].

There is no decisive information regarding
when the cultivation of kumquat started in Jor-
dan. However, it is clear that until a few years
ago, the exportation of kumquat fruits from
Jordan was absent. Statistics of the Ministry of
Agriculture show that until 2014 the exported
quantity of kumquat was zero. In 2015 Jordan
exported about 23 tons of kumquat and in next
year the exported quantity show some increment
[USAID, 2018]. This light increasing of export
volume suggests that there is a possibility of
a future expansion of growing Kumgquat trees
[Jordan Investment Commission, 2017].

The main goal of this research was to observe
the quality parameters of the Fortunella margari-
ta variety kumquat cultivated in two different lo-
cations in Jordan, through the evaluation of some
physical, chemical and color traits.

MATERIALS AND METHODS

The kumquat fruits samples for the actual
study were collected at full ripening stage. The
fruits of Lot 1 belong to a particular home garden
in the Irbid governorate, where they have received
common cares by common citizen with common
knowledge of agricultural practice. The samples
of Lot 2 were grown under a professional techni-
cal care in plant nursery, at the Ghor valley. Behind
the difference in agricultural practices between the
two cites the temperature is also quite different. In
the Ghor area the temperature almost never falls to
zero Celsius. In contrast in the location of Lot 1,
the temperature falls to zero several times between
December and February. Generally, the tempera-
ture of lot 1 location is 3 to 5 Celsius degrees
less than the Lot 2 location [Pérez, 2020]. The
experimental design was completely randomized
with three replicates per analysis. The physical
parameters measured corresponded to the whole
fruit. The chemical-phenolic characterization was
evaluated in the extract “rind-pulp mixture” con-
sidering that kumquat is a fruit that is preferably
consumed natural, whole and with peel. The color
was evaluated in the rind of the fruit.

Physical analysis

The fruits were individually weighed by an
electronic balance, model Metler AE100. The
three main dimensions length, width, and thick-
ness were measured by a digital caliper. The bulk
and real density was measured using the methods
followed for Jaliliantabar et al. (2012) and Rafiee
et al. (2007) for Irani kumquat and bergamot re-
spectively. The sphericity was determined by the
quotient @ = D/L [Topuz et al., 2004]. The values
of sphericity close to one represent major spheri-
cal shape of the fruit.

The color was measured by a Minolta model
CR-410 colorimeter. The measurements were
performed at four different points on the rind
samples. The color was assigned according to
the CIELab system, which uses Cartesian coordi-
nates” L, a, b” to calculate the color in a space. The
space where the parameter “a” moves between
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green and red, determines +a degree of redness
and —a the degree of greenness. The parameter
“b” moves between blue and yellow where the
—b coordinate indicates the degree of blueness
and +b the degree of yellowness. The luminosity
“L” represents the degree of clarity of the sample,
moving between L=0 (black, maximum darkness)
and L=100 (white, maximum clarity). Chroma”
C” describes the intensity or purity of the color
(maximum saturation level) and the dullness of
the color (minimum saturation level). This dia-
gram is showed in the Figure 1. Chroma C, is cal-
culated by the expression:
C= (a2_|_ b2)1/2 (1)
Color was also measured using the CIELCh
polar coordinates system, which, also uses the
Chroma “C”. It includes the hue angle 4#*, which
describes the predominant color that an observer
perceives. This is calculated by the expression

h* = arctan (b/a) (2)

Where the angle 4* associates the following
references: 0° = red-purple, 90° = yellow, 180° =
bluish-green and 270° blue [Manera et al., 2012],
illustrated in the Figure 1. The difference of color
(AE) is calculated using the equation:

AE = (AL* + Aa>+ Ab*)'? (3)

Chemical-phenolic analysis

Total titratable acidity (TTA) was evaluated
by titration with sodium hydroxide 0.1 N and dis-
played as percentage of citric acid [AOAC, 1980].
The pH values were determined using a Ingold
U402-57/120 digital pH meter. The total soluble
solids (TSS) were measured using a ABBE Carl

+b Yellow
+100

-100
-b Blue

Fig. 1. CIELab and CIELCh systems in
the space (Modified after Pérez, 2020)
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Zeiss model 89553 refract meter. The results were
reported as Brix degrees at 25 °C. The maturity
index (IM) was calculated by the quotient IM =
TTS/TTA.

The concentration of total polyphenols (TPC)
was determined by using the Folin-Ciocalteu
method [Makkar, 2000], reporting the results as
mg. Gallic acid (mg GAE)/100 g sample. This
method is based on the treatment of diluted sam-
ples with the Folin-Ciocalteu reagent and aliquots
of 20% sodium carbonate solution, with subse-
quent measurement of the absorbance at 765 nm.

The total flavonoids content was quantified
using one the methods followed by Shyi-Neng &
Chi-Tang (2016), which is based on the chelation
technique with AICI,. An aliquot of kumquat ex-
tract was mixed with 2% methanolic AICL,.6H,0.
The mixture was at rest at room temperature over
10 minutes. Then the absorbance was measured
to 430 nm. The standard curve was made by stan-
dards of quercetin solutions. The total flavonoids
content was reported as mg. quercetin equivalents
/100 dry extract using the calibration curve ob-
tained previously.

The ascorbic acid (vitamin C) content was
determined following the official method AOAC
967.21 [AOAC 2000]. It was carried out by volu-
metric titration with 2,6-Dichloroindophenol. The
indicator was standardized with a standard solu-
tion of L-ascorbic acid 750 ppm (ac. L-ascorbic
with metaphosphoric acid H,PO, conc. 5%).

Total carotenoids were determined following
the method presented by Van Wyka et al. (2009).
The kumquat rinds were dried and frozen at —56 °C
for 4 days to eliminate any trace of moisture. Subse-
quently, the rind samples were ground and frozen at
—80 °C until the moment of analysis. The complete
process was carried out under low light conditions
to reduce photo destruction. A mixture of ethanol,
butylated, hydroxyl toluene and diethyldithiocarba-
mate was mixed with 0,2 g of frozen sample and
carried to spectrophotometry with wavelengths
corresponding to 470, 649 and 664 nm.

Statistical analysis

Three replicates were taken from each sample
and the results were used for statistical analysis.
The values were reported as mean = SD for all
variables presented. Statistical t-student analysis
was used to check the significant differences p
<0.05. In general, the values registered for both
lots revealed a significant difference between the
measured parameters.
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RESULTS AND DISCUSSION

The physicochemical parameters evaluated
for the two kumquat crops considered in this
study are presented in the Table 1. Three repli-
cates for each sample were represented as mean
+ standard deviation. L1: kumquat samples from
Irbid; L2: kumquat samples from the Ghor valley

The results of the physical analysis indicated
that the fruits of Lot 2 had superior size (37.4
mm), juice yield (25%) and density (1.23 g/
cm?). The values of sphericity closer to the unit
registered in lot 1 (€ = 77.02%) indicate a bet-
ter spherical shape for the fruits of this crop; in
contrast with Lot 2, which obtained lower values
of sphericity (€ = 74.19%) in harmony with the
oval shape seen its fruit. Jaliantabar et al. (2012)
presented the studies of the physical properties of
kumquat (var. Fortunella margarita) from Iran.
They reported the values in the same order as Lot
1, but differing notably from the values for Lot 2.

The high values of porosity (67%) found at
Lot 2, even higher than the orange fruit (19%),
leads to think that they would have a better re-
sponse to impregnation with salt or sugar solu-
tions [Pérez, 2004; Chafer et al., 2003], which
would allow the development of kumquat prod-
ucts with better taste and nutritional value.

The kumquat fruits of both lots, were evalu-
ated at full ripening stage, reaching their maxi-
mum levels of sweetness. Lot 2 registered a
highest content of soluble solids (TSS = 5%), pH
(3.47) and lowest percentage of titratable acidity
(TTA = 1.55), associated with a high maturity in-
dex (IM = 3.22). The TTA values are reported as
percentage of citric acid, following the analysis
presented by Babazadeh & Jaimand (2019). For
kumgquat variety Fortunella Margarita, the citric
acid was the main acid present in this fruit. The
high values of TSS, pH together with the low lev-
els of TTA of lot 2 were associated with the best

organoleptic properties of the fruits for fresh con-
sumption. Figure 2 shows a comparative profile
between TTA, pH, IM and TTA for kumquat of
both lots.

The analyses recorded low flavonoid content
(131.5 QE mg/100 g) with high levels of TPC
(2039.21 mgGAE/100 g) and total carotenoids
(1.15 mg/100 g) for Lot 2. On the basis of these
results, and comparing with the values for Lotl,
a tendency to increase the TPC together with the
total carotenoids was observed in this analysis;
deducing a direct relationship between them. This
trend was also observed in studies conducted by
Gun-Ae Yoon et al, 2012 for plant foods con-
sumed in Korea [Gun-Ae Yoon et al., 2012].

In relation to the concentration of carotenoids
in food, Britton et al. (2009) has proposed the fol-
lowing classification ranges: low 0—-0.1 mg/100 g;
moderate 0.1-0.5 mg/100 g; high 0.5-2 mg/100
g; very high 2 mg/100 g. According to this scale,
the total carotenoids content for both lots, would
fall into “high range”, although there is a clear
margin of difference between them (Lot 1: 0.51
mg/100 g; Lot 2: 1.15 mg/100 g). Moreover, an
inverse relationship was observed between the
flavonoid content and MI recorded for each lot
(Fig. 2), according with previous studies present-
ed in fruits such as pomegranates from Chile var.
Chaca, Wonderful, Codpa [Labbe et al., 2016.]
and the pomegranates native to Jordan [Pérez,
2020]. The gradual reduction of the flavonoid
content during the maturation period until reach-
ing minimum values at full ripening stage, prob-
ably occurs because the flavonoids are consumed
during the maturation period to achieve the char-
acteristic “flavor and taste” at full ripening stage.
This mechanism is carried out by conversion of
the structure of flavonoids as (o) condensed tan-
nin, which is synthesized in other antioxidant
forms [anthocyanins synthase (AS) and 3-gly-
cosyl transferase (3GT)], through an increase

Table 1. Results of the traits analyzed in fruits of kumquat var. Fortunella margarita

Physical
trait| Length Width Thickness Mass Preal - Volume . .
real Sphericit % Juice Porosit
Lot (mm) (mm) (mm) (@) 3 P Y (ml) ° y
L1 1.05+1.1 25.1£2.3 | 24.03+x1.5 | 10.89+1.8 | 1.18%0.1 77.02£2.3 | 9.22+0.8 20.5+1.5 | 59.12+2.1
L2 37.4+0.9 27.8+1.8 | 21.14x1.2 | 13.17+2.1 1.23+0.1 74.19+£1.7 | 10.70+1.1 | 25.5+1.9 | 67.01£1.7
Chemical
rait] oy %TTA *Brix TPC | Flavonoids | IM AA Total | Refractive
Lot carotenoids index
L1 3.18+0.01 | 1.95+0.04 4.5+0.2 |1622.5+1.1 | 165.5+0.6 2.3+1.1 0.33+0.4 0.51+£0.3 |1.3401%1.2
L2 3.47+0.02 | 1.55+0.02 5.0+0.1 2039.2+0.9 | 131.5+0.4 | 3.22+0.9 | 0.361+0.7 | 1.15+0.8 |1.3403%0.8
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Fig. 2. Phenolic-chemical parameters
in kumgquat fruits. Lot 1: Irbid samples;
Lot 2: Ghor valley samples

in enzymatic activity until achieve the ripening
stage [Cristosto et al., 2000].

A high content of ascorbic acid was record-
ed for Lot 2 (AA=0.36 mg/lit) together with the
high TPC values. Possibly this behavior is due to
the nature of the ascorbic acid. AA is an active
antioxidant that creates metabolites that increase
the TPC levels, due to the functional similari-
ties between them [Kulkarni & Aradhya, 2005].
The ascorbic acid content found in both lots was
lower than the values reported by Babazadeh et
al, 2019; for kumquat (Fortunella margarita) on
Citrus Rootstocks.

The high concentration of carotenoids in the
kumgquat of Lot 2, was associated with the pres-
ence of a remarkable orange color in the fruit rind.
The maximum levels of TPC together with the
high concentration of carotenoids, suggest that
this kumquat crop could contribute significantly
to the consumption of important antioxidant and
bioactive compounds for the population. Similar
analyses were discussed by Pinheiro et al., 2019
and Giuffrida et al., 2010 for the kumquat from
Brazil and orange juice of different varieties,
respectively.

The high content of carotenes present at full
ripening stage, considerably defines the color of
the fruits. The color is one of the attributes that
most influence “the visual quality”of fresh food.

This property was evaluated using the Carte-
sian “CIELab” and polar “CIELCh” coordinate
systems. Table 2 presents the color coordinates
for the lots of this study. Four measurements
for each three replicates of each sample. Lot 1:
kumquat from Irbid; Lot 2: kumquat from the
Ghor valley

The results recorded of the color analysis in
the rind of the kumquat, revealed high values of
the coordinates +a, +b and L for Lot 2. These re-
sults are interpreted as colors redder, yellower
and brighter than the kumgquat fruit of Lot 1. The
product of this combination is the bright orange
hue, associated with the high content of total
carotenoids that presented the fruits of this lot.
These results lead to deduce a possible direct re-
lationship of the maturity degree with the color
coordinates red (+a), yellow (+b) and carotene
content in a fresh food. Some authors say that the
typical color reached at full ripening stage, con-
tent and composition of carotenoids in fruits is
strongly related by genotype [Roa et al., 2015].
This leads to thinking that the relationship be-
tween color and MI could also depend of the vari-
ety of fruit. External factors such as: climatic con-
ditions, quality of the farmland, and post-harvest
management, could also affect the color and com-
position of the fruit.

The results monitored of the polar coordinates
h* and C, which represent the hue and purity of
color respectively, in general, presented a direct
relationship with the coordinates L and b for both
lots. The high values of C and /* achieved for the
kumgquat rinds of Lot 2, placed the points on the
orange region of the color diagram compared to
the yellow hue recorded for Lot 1 (Fig. 3).

The total color difference was evaluated using
the numerical parameter AE. Pankaj et al. (2013)
and Adekunte et al. (2010); classify the color dif-
ference AE as very different AE > 3; different 1.5
<AF <3 and small difference 1.5 <AE. According
to this criterion and based on the registered color
coordinates, the result obtained AE = 24.50 would

Table 2. Coordinates of color CIELab and CIELCh for the rind of kumquat fruits

Lot 1 Lot 2
L a b C h L a b C h
52.45+1.10 | 13.21+0.20 | 40.05+1.22 | 38.545+0.16 | 69.50+1.09 | 62.45+0.20 | 40.15+1.10 | 55.05+1.10 | 68.45+0.66 | 53.97+1.80
58.15+0.90 | 18.93+0.34 | 41.02+0.93 | 45.15+0.90 | 65.22+0.94 | 61.92+0.33 | 37.53+0.74 | 55.93+0.90 | 67.09+0.97 | 56.51+0.19
57.27+1.40 | 8.57+0.41 | 45.32+0.53 | 46.17+1.40 | 79.47+1.40 | 57.33+1.20 | 30.27+0.40 | 46.77+0.61 | 55.57+1.10 | 57.32+0.50
55.8242.00 | 14.48+0.75 | 48.02+0.72 | 50.52+2.00 | 73.34+1.06 | 56.62+1.08 | 35.8242.00 | 44.53+1.34 | 56.82+0.14 | 51.82+1.06
53.15+1.40 | 14.57+1.40 | 38.94+0.84 | 41.54+140 | 69.47+044 | 60.29+1.12 | 37.47+140 | 49.05+1.77 | 61.45+1.01 | 52.98+1.88
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Fig. 3. Plane of CIELab and CIEICh coordinates for rind of kumquat fruits, (Modified after Pérez, 2020)
Lot1: Irbid samples; Lot 2: Ghor valley samples

Fig. 4. Kumquat tree in a particular
home garden (Irbid location)

Fig. 5. Kumquat tree of plant nursery

(Ghor valley)

Fig. 6. Kumquat fruit from Irbid location (A) and Ghor Valley (B)
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reveal a great color difference between both lots.
The kumquat trees are shown in the Figs. 4 and 5.
They show that the fruits of home garden are of
smaller size and have more yellow color than the
plant nursery (Fig. 6).

CONCLUSIONS

The results of the actual study lead to con-
clude that there is a possibility of a future ex-
pansion of growing kumquat trees in Jordan.
Although the results indicate that the cultivation
in green houses is better, the kumquat production
in open spaces as at home gardens, under normal
and unprofessional care practices also produces
fruits of acceptable quality.

The kumquat fruits from Ghor (plant nurs-
ery), presented lesser acidity, greater size, more
sweetness, higher phenolic content and better
color than the fruit from Irbid location (home
garden). This clear difference may be partially
due to the better irrigation and fertilization tech-
niques that the fruit receive in the plant nursery.
However, the different ranges in phenolic-chem-
ical and physical properties between the fruits of
both locations are mostly attributed to the tem-
peratures difference that exists between Ghor
area and Irbid location. The Ghor’s kumquat
in comparison with that of Irbid presents better
functional properties due to its higher concentra-
tion in TPC, Carotenoids and Ascorbic Acid. The
low values of the Flavonoid content registered
together with the high Maturity Index of Ghor’s
kumquat, are associated with the consumption
of flavonoids during the maturation stage, which
is necessary to improve the taste of the fruit at
full ripening stage. The presence of the intense
orange color in kumquat from the Ghor valley
was clearly related to the highest content of to-
tal carotenes present in the fruit rind. Finally, the
high porosity of kumquat fruit, between 67% and
59%, would allow it to be used as a matrix for
impregnation with salt or sugar solutions to de-
velop new kumquat products with better flavor
and nutritional value.
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