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Abstract. Sofiyanti N, Iriani D, Wahyuni PI, Idani N, Lestari P. 2022. Identification, morphology of Citrus L. (Aurantioideae-Rutaceae
Juss.) and its traditional uses in Riau Province, Indonesia. Biodiversitas 23: 1038-1047. The genus Citrus (Rutaceae) is an important
fruit crop in the world. The species of Citrus are extensively cultivated for fresh fruit and processed juice market. In addition, Citrus
members have a great ability to cross and produce intra or intergeneric hybrids. Therefore, the taxonomic identification of the cultivars
has been a serious challenge for botanists and agronomists. In Riau Province (Indonesia), the cultivars of this genus are grown for
various uses. The aims of this study are to identify Citrus taxa in Riau Province, examine their morphological characters, and document
their uses by local people. Samples were collected in the field. The result shows a total of 18 Citrus members were identified in this
study. The Citrus morphologies vary among the members. Each Citrus identified in this study shows its morphological characteristic of
vegetative and generative parts. Numerous local uses of Citrus are recorded in this study, e.g. fresh consumed, traditional drink,
folklore, herb, spice and ornamental. The parts of Citrus used are whole plant, leaf, pericarp and pulp. The uses of Citrus recorded in
this study are for herb and spice, dessert, traditional drink and treatment, folklore, and ornamental plant. This study provides the first

record of the morphological characteristic of Citrus in this province and the uses of its members.
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INTRODUCTION

Citrus L. is one of the members of the subfamily
Aurantioideae (Rutaceae Family, from the bitter herb Rue)
(Hamedi et al. 2019. The genus of Citrus is the most
familiar aromatic group of plants (Morton and Telmer
2014)). This genus is one of the most important fruit crops
in the world (Abouzar and Nafiseh 2016) and it is
extensively cultivated for fresh fruit and processed juice
market (Ollitrault and Luis 2012). The term Citrus came
from Greek “Kedros” that was given to an unidentified tree
similar to cedar, pine and cypress and had been later
applied to the citron (Abouzar and Nafiseh 2016). Citrus
species have a great ability to cross and produce intra or
intergeneric hybrids. Apomixis is frequent in Citrus and
permits the propagation of these hybrids via nucellar
embryos (Rivera et al. 2022). Therefore, the identification
of Citrus individuals and definition of Citrus taxa have
been challenging botanists and agronomists for centuries
(Araujo et al. 2003), because Citrus taxa overlap in their
morphological characters and intermediate forms are
frequent.

Indonesia is a very important center of diversity of the
genus Citrus from which at least one species and several
groups of hybrids originated in the area. Citrus maxima
(Burm.) Merr., is the species described as C. grandis (L.)
Osbeck by Swingle in 1943 originated in the Malay
Archipelago and Indonesia (Ollitrault et al. 2020). C. x
amblycarpa include all admixtures between C. micrantha
and C. reticulata such as “Nasnaran,” an Indonesian Citrus

considered to be a direct C. micrantha x C. reticulata
hybrid (Ollitrault et al. 2020). Furthermore, the type of
Citrus xaurantiifolia (Christm.) Swingle is based on the
image of Limo nipis by Rumphius (1741) in his Herbarium
Amboinense, from Amboina Island (Indonesia) (Tropicos
2021).

In Indonesia, a total of 255 Citrus varieties had been
reported, with the highest proportion of varieties (44%)
grouped within Mandarin (Citrus reticulata Blanco)
(Yulianti et al. 2020). At the same time, the remaining
varieties belong to tangerine, sweet orange, sour orange,
pummelo and others (lime, lemon or C. medica L.).
However, only limited knowledge on Citrus identification
and morphology had been recorded from Sumatra Island.
Nirmala and Hardiyanti (2017) had identified a total of 13
Citrus species from West Sumatra, with the common
Citrus being C. reticulata. Identification of some Citrus in
Sumatra Island was also reported from Aceh Province by
Yulianti et al. (2016). Their study recorded a total of 15
Citrus taxa from this province. However, only limited
record on Citrus taxa (Sofiyanti et al. 2021) and their
morphological characteristics on the rest areas of Sumatra
Island, including Riau Province.

The morphological characters of plants conform to their
phenotype (Claben-BockHof 2001), including qualitative
and quantitative characters. The morphological study of
plant taxa is important to provide comprehensive
information on their taxonomic status (Sofiyanti et al.
2015). It also gives an accurate way to determine the
agronomical traits of plants (Purwanti and Prihanta 2017),
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especially for crop plants (George 2007) such as Citrus
taxa. Therefore in crop improvement, the understanding of
its biodiversity is an essential resource (Dias 2015).

Based on our preliminary observation of Citrus in Riau
Province, the different species of this genus are grown for
various uses, e.g. fresh consumed, ornamental plant, herb
and spice or folklore. The aims of this study are to identify
Citrus samples in Riau Province, to examine their
morphological characters as well as to document their uses
by local people. This study is the first record of
morphological characteristics of Citrus in this province.

MATERIALS AND METHODS

Sample collection

Samples were collected from the field using the
purposive sampling method from April to August 2021.
The sampled localities were chosen on the basis of the
information provided by the guides or local fruit sellers.
The vegetative and generative parts were photographed and
labeled based on the location and name of the species. The
information on uses of Citrus identified in this study was
collected by direct observation in the field, interviews with
local herb sellers as well as practitioners of folk medicine.

Identification and morphological description

The identification was carried out based on the
morphological characters of collected specimens. The

Table 1. Citrus taxa identified in this study
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morphological description of Citrus followed IPGRI
(1999). The herbarium specimens from virtual herbarium
were also examined for the related taxa. We also use online
identification by wusing the following website:
www.gbif.org/species/search, citruspages.free.fr/limes.php;
www.plantsoftheworldonline.org, identify.plantnet.org/;
www.worldfloraonline.org, Citrus nomenclature follows
GRIN (2021) and Ollitrault et al. (2020).

RESULTS AND DISCUSSION

Citrus species
A total of 18 Citrus members are identified in this
study. Table 1 presents Citrus taxa identified in this study.

Morphological characteristics of Citrus

Figure 1 presents the habit, leaves and flowers of some
Citrus examined in this study. The habit of Citrus species is
usually a large shrub or small tree (Figure 1A), with spiny
shoots. The spines are sharp-tipped and located laterally
along with the shoot. However, the older shoots are
commonly thornless. Generally, the leaves are
subcoriaceous, alternately arranged, simple leaf or 1-folio-
late laminae (also called unifoliate) and (Figure 1B-J
presents leaf morphology of some Citrus in this study).

Sample

Species Synonyms code Local name
Citrus x amblycarpa (Hassk) Ochse CAMB  Jeruk Saring; Kasturi sambal
Citrus aurantiifolia (Christm.) Swingle “Lemon Lokal” “Citrus acida Pers.” auct. CACI Lemon lokal
Citrus aurantiifolia (Christm.) Swingle “Jeruk Nipis” CAUR  Jeruk Nipis
Citrus x aurantium L. “Jeruk Hantu” CAHA  Jeruk Hantu
Citrus x aurantium L. “Jeruk Peras” CAPE Jeruk Peras
Citrus hystrix DC. ‘“Purut” CHPU  Jeruk Purut
Citrus hystrix DC. “Sundai” CHSU Jeruk Sundai, Limau
Sunde
Citrus x microcarpa Bunge “Jeruk Kunci” Citrus japonica Thunb. var. madurensis  CJAP Jeruk Kunci
(Lour.) Guillaumin
Citrus x microcarpa Bunge “Jeruk Kasturi” “Citrus microcarpa Yu. Tanaka” auct. CMIC  Jeruk Kasturi
Citrus longilimon Tanaka CLON Jeruk Lemon Medan;
Jeruk timun
Citrus medica L. “Jeruk Hantu” CMHA  Jeruk Hantu
Citrus medica L. “Jeruk Pagar” CMPA  Jeruk Pagar
Citrus medica L. var. sarcodactylis (Hoola van Citrus sarcodactylis Hoola van Nooten ~ CMSA  Jeruk Cakar Harimau;
Nooten) Swingle Jeruk Jari Budha
Citrus maxima (Burm.) Merr. CMAX  Jeruk Bali
Citrus x aurantium L. var. nobilis (Lour.) “Citrus nobilis L.” auct. CNOB  Jeruk Bangkinang; Jeruk
Ollitrault, Curk & R. Krueger Siam
Citrus reticulata Blanco x (Citrus x aurantium L. Citrus reticulata Blanco x (Citrus CUSR  Jeruk Dekopon
var. unshiu (Swingle) Ollitrault, Curk & R. unshiu (Yu. Tanaka ex Swingle)
Krueger x Citrus x aurantium L. var. sinensis L.) Marcow. x Citrus sinensis Osbeck)
Citrus sp. (1) CSP1 Jeruk Kambing
Citrus sp. (2) CSP2 Jeruk Pasir



http://www.theplantlist.org/tpl1.1/record/kew-2724244
http://www.theplantlist.org/tpl1.1/record/kew-2724153
http://www.theplantlist.org/tpl1.1/record/kew-2724153
http://www.theplantlist.org/tpl1.1/record/kew-2724244
http://www.theplantlist.org/tpl1.1/record/kew-2724244
http://www.theplantlist.org/tpl1.1/record/kew-2724228
http://www.theplantlist.org/tpl1.1/record/kew-2724228
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1 A Leaf PELIOIE WINQ PrESENt .. ot e e e e e e e 2

b, Leaf Petiole WINg aDSENT ... ..o e 11

2 a. Leaf petiole wing broad, almost as wide as leaf lamina ... 3

b. Leaf petiole wing medium or narrow, much smaller than leaf lamina ... 4
3 a.  Fruit slightly pyriform; fruit base concave collared; epicarp (flavedo) very bumpy ...............cooevienni. C. hystrix “Purut”
b.  Fruit spheroidal; fruit base necked; epicarp bumpy ... C. hystrix “Sundai”

4 a.  Fruit weight < 250 gr, QIameter < 7 CM; oot e e e et ettt e e e 5
b.  Fruit weight > 400 gr, diameter > Q CM; ... e C. maxima

5 a.  Fruit shape spheroid or ellipsoid, fruit apex nipple-shaped or rounded; mesocarp (albedo) < 2cm thick; endocarp

31753001 LRSI ) (ST oL N 6

b.  Fruit shape oblique (asymmetric), fruit apex fingered-shape; mesocarp (albedo) spongy, the thickness almost ¥ of diameter;
ENAOCAIP SEEMENES ADSEILE ...\ eee ettt et teet et ete et et et et et e et e e e e e e e e e e e aaaeeeneenas C. medica var. sarcodactylis

6 a.  Fruit apex rounded or truncate; pulp white, greenish yellow, whitish orange or orange .............coooeveveieiiiiininnn 7
b.  Fruit apex nipple-shaped; pulp light yellow ............oooiiiiiiiiiii e C. aurantiifolia “Lemon Lokal”

7 a.  Fruit diameter < 4 cm; epicarp (flavedo) dark orange; yellow; light yellow ... 8
b.  Fruit diameter > 4.5 cm; epicarp (flavedo) yellowish orange .............ooovviiiiiniiiiiiiiniinnnns C. x aurantium var. nobilis

8 a. Epicarp (flavedo) SMOOTh ... . .o 9

b, Epicarp (Flavedo) TOUGN ... e e e 10
9 b.  Fruit diameter 3.5-4 cm; epicarp (flavedo) light orange; pulp dark orange ......................... C. x aurantium “Jeruk Peras”
b.  Fruit diameter 2-2.9 cm; epicarp (flavedo) dark orange; pulp whitish orange..................... C. x aurantium “Jeruk Hantu”
10 a. Fruit base rounded, < 2cm length; epicarp (flavedo) dark green when young ...............cooiviiiiinnininnnn. C. x amblycarpa
b.  Fruit base necked , > 2.5 cm length; epicarp (flavedo) light green when young ................... C. aurantiifolia “Jeruk Nipis”

11 a.  Mesocarp (albedo) white and lHghtly SPONQY ....oeninini e 12

b.  Mesocarp (albedo) yellowish White, NOt SPONQY .. ..vueieieiti i aeaans 13

12 a.  Fruit length up to 10 cm, base rounded, apex nipple-shaped, shape ellipsoid; epicarp (flavedo) yellow, rough and vertically
OEO0VEA .ttt C. medica “Jeruk Pagar”

b.  Fruit length 2.5-3.5 cm, base necked, apex rounded, shape pyriform; epicarp (flavedo) yellowish orange .............c............
........................................................................................................................ C. medica “Jeruk Hantu”

13 a.  Fruit shape ellipsoidal or slightly pYriform ... e 14

b.  Fruit shape spheroidal Or 0D0VALE ..........ooiiii s 15

14 a.  Fruit shape ellipsoidal, fruit base rounded, fruit apex short nipple-shaped; epicarp (flavedo) slightly rough, bright yellow at
maturity; PUlp gre€nish WHite ..........oooiininii e C. longilimon

b.  Fruit shape slight pyriform, fruit base necked, fruit apex short ; epicarp (flavedo) rough to slightly bumpy, bright orange at
maturity; pulp orange ................. Citrus reticulata x (Citrus x aurantium var. unshiu x Citrus x aurantium var. sinensis)

15 a.  Epicarp (flavedo) SMOOTN ... ... e e 16

b.  Epicarp (FlAaVedo) FOUGN ... ..o e 17
16 a.  Fruit shape obovate; epicarp (flavedo) bright orange at maturity ............................. Citrus xmicrocarpa “Jeruk Kunci”
b.  Fruit shape spheroidal; epicarp (flavedo) yellow at maturity....................c.ceeviennen. Citrus xmicrocarpa “Jeruk Kasturi”
17 a.  Fruit shape obovate; epicarp (flavedo) bright orange at Maturity ...............ovveiriniiiiiereneieeeenanannnn. Citrus sp. (1).
b.  Fruit shape spheroidal; epicarp (flavedo) yellow at maturity ............ccooooiiiiiiiii Citrus sp. (2).

The petioles of Citrus leaves in this study are green to  sp.2. According to Yunus et al. (2018), the wing

dark green in color. Our observation shows that the petiole
wings of Citrus taxa in this study are obcordate, obdeltate,
obovate, slightly linear or absent. The largest winged
petiole belongs to C. hystrix (Figure 1B and C); its size is
almost as wide as the upper lamina. The shape of this wing
is obcordate. Based on IPGRI of Citrus (1999), the petiole
wing of Citrus is divided into three categories, i.e. narrow,
medium and broad. C. hystrix shows the broadest petiole
wing. The obdeltate wing is found in petioles of C. maxima
and obovate wing in C. x amblycarpa. The wing of both
Citrus petiole is also distinguished by their size. C. maxima
shows wider wing than in C. x amblycarpa. The slight
linear petiole wings are found in C. aurantiifolia, Citrus x
aurantium var. nobilis “Bangkinang”. On the other hand,
the wing of the petiole is absent in other Citrus members
identified in this study, such as C. microcarpa, Citrus x
microcarpa “Jeruk Kunci”, C. medica, Citrus sp.1, Citrus

characteristic of Citrus petiole may vary in a species. Their
study indicated the high variation on this character on C.
maxima from Aceh Province (Indonesia) from obcordata,
obdeltate and obovate. The variations are also found in leaf
blade size and thickness.

For Citrus with winged petiole, the junction between
lamina and petiole presents two types, i.e. fused and
articulate. The fused junction is formed by the elongation
of the lamina base toward petiole, and shows continuous
part, as found in C. medica “Jeruk Pagar”. On the other
hand, the articulate petiole wing shows the separation
between leaf lamina and wing of the petiole (e.g. C. hystrix
and C. aurantiifolia). The previous study on Citrus
morphology by Yunus et al. (2018), recorded that both
junction types (fused and articulate) can be found in the
same species, C. maxima from Aceh, Indonesia.


http://www.theplantlist.org/tpl1.1/record/kew-2724244
http://www.theplantlist.org/tpl1.1/record/kew-2724244
http://www.theplantlist.org/tpl1.1/record/kew-2724244
http://www.theplantlist.org/tpl1.1/record/kew-2724244
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Figure 1. Morphology of some Citrus species from Riau Province. A. C. aurantiifolia “Jeruk Nipis”, B-C. C. hystryx (B. adaxial and C.
abaxial side of leaf), D. C. x microcarpa “Jeruk Kasturi”, E. C. x amblycarpa, F. C. medica “Jeruk Pagar”, G. C. aurantiifolia “Lemon
Lokal”, H. C. x aurantium var. nobilis, I-J Citrus x microcarpa “Jeruk Kunci”, K. Flower of C. x amblycarpa (scale bar: B-E = 3 cm,

F-H=25cm;1=2cm,J=15cm, K=1mm).

The leaf lamina shape of Citrus in this study varies
from elliptic, oblong, obovate, ovate and obolanceolate.
Elliptic leaf shape is found in C. x microcarpa (Figure 1
D), C. aurantiifolia (Figure 1G), Citrus x aurantium and C.
medica var. sarcodactylis. Oblong leaf-shape is found in C.
medica “Jeruk Pagar” (Figure 1F), C. x aurantium var.
nobilis “Bangkinang” (Figure 1H), C. longilimon, and C. x
limon. Obovate leaf shape is found in Citrus xmicrocarpa
“Jeruk Kunci” (Figure 11). C. x amblycarpa (Figure 1E)
has a slightly ovate leaf shape. The observation of leaf
shape shows its variation in an individual, as found in
Citrus x microcarpa “Jeruk Kunci” that has obovate
(Figure 11) and obolanceolate leaf shape (Figure 1J). The
leaf variation is also found in other species such as C. x
aurantifolia with an elliptic, oblong, or ovate leaf shape.
The variation of Citrus leaf was also reported by Santos et
al. (2015). The upper surface of leaves (adaxial) is green,

usually darker than the lower surface (abaxial) (Figure 1B
and C shows the leaves of C. hystrix on the adaxial and
abaxial side). Most of the Citrus leaf has a green to dark
green color. However, the variegated color of the leaf had
been reported on few Citrus members, such as variegated
pink-flushed lemon (C. x limon) (Hamdan et al. 2013),
variegated true lemon (C. x limon) and variegated
calamondin (C. x microcarpa) (Santos et al. 2015). These
Citrus have a mix of leaf colors (light green, dark green
and yellowish-green to yellow).

In this study, we observed a total of three textures of
leaf surface, i.e. flat, slightly wavy and wavy. Most of the
Citrus identified in this study have flat-leaf surfaces. The
slightly wavy leaf surface is recorded on C. aurantiifolia,
C. medica “Jeruk Pagar”, C. medica “Jeruk Hantu”, C.
medica var. sarcodactylis, Citrus x microcarpa ‘“Jeruk
Kunci” and C. maxima. While wavy leaf surface on Citrus


http://www.theplantlist.org/tpl1.1/record/kew-2724244
http://www.theplantlist.org/tpl1.1/record/kew-2724244
http://www.theplantlist.org/tpl1.1/record/kew-2724244
http://www.theplantlist.org/tpl1.1/record/kew-2724244
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x aurantium L. “Jeruk Hantu”. The leaf margins are entire
(e.g. C. x microcarpa “Jeruk Kasturi”, C. x amblycarpa),
crenate (e.g. C. hystrix, Citrus x microcarpa “Jeruk
Kunci”), and serrate (e.g. C. medica “Jeruk Hantu” and
Jeruk Pagar™).

The flowers of Citrus are axillary arranged, usually
solitary or in small corymbs ca 1.5-2.5 cm in diameter. The
petals are white to pinkish-white with numerous stamen
and usually very strongly scented. Figure 1K shows a
solitary flower of C. x amblycarpa “Jeruk Saring”. The
white petal’s color is also observed in C. aurantiifolia and
C. histrix, while the rest of the Citrus in this study have
purple-tinged white petals. The stigma is usually rounded,
and light yellow to yellow. The stylar column shows light
green colour.

Figure 2 presents the fruit morphologies of Citrus
identified in this study. Citrus presents a peculiar fruit type
known as hesperidium, a modified berry fruit that results
from one single ovary (Matheyambath et al. 2016).
According to Pao and Feller (2003), Citrus fruits have a
leathery rind and contain numerous seeds, and the epicarp
contains abundant oil glands. Figure 2 present the fruit
morphologies of Citrus identified in this study. The biggest
fruit recorded belongs to C. maxima (Figure 2A), with up
to 15 cm in diameter or more, while C. x microcarpa has
the smallest fruit (ca. 2 cm in diameter). The fruit shapes
observed in this study are spheroidal (e.g. C. maxima, C.
xmicrocarpa, Citrus x aurantium var. nobilis, C. hystrix
“Sundai”, Citrus Sp1l), ellipsoidal (e.g. C. longilimon, C.
medica “Jeruk Pagar”), pyriform (C. medica “ Jeruk
Hantu”), slightly pyriform (e.g. C. hystrix “Purut”), ovate
(e.g. Citrus xmicrocarpa Bunge “Jeruk Kunci”) and
oblique (asymmetric) (C. medica var. sarcodactylis). The
most common fruit shape found | this study is the
spheroidal fruit shape. The possibility of fruit variation in a
species of Citrus had been reported by Hoque (2016). He
recorded that pomelo shows great variation in fruit shape
and size. Igbal et al. (2015) also reported a similar result on
sweet-lime fruit.

The shape of the fruit base observed in this study is
necked, convex, truncate, concave, and concave collared.
The necked fruit base has a narrower part toward the
peduncle, as found in C. medica var. sarcodactylis (Figure
2Q) and Citrus x microcarpa “Jeruk Kunci” (Fiq. 2X1).
The convex fruit base shows a rounded shape e.g. C.
longilimon, Citrus x aurantiifolia (Christm.) Swingle
“Lemon Lokal”, Citrus sp. (2)., C. x aurantium. The
truncate fruit base has a flat shape (e.g. C. medica “Jeruk
Pagar, Citrus x aurantium var. nobilis). The concave fruit
base is found in C. x aurantium “Jeruk Hantu”, C.
aurantifolia and C. x amblycarpa. In this study, only C.
hystrix “Purut” shows a concave collared fruit base (Figure
2V).

The shapes of fruit apex also vary among Citrus in this
study, i.e. nipple-shaped (C. medica “Jeruk Pagar”, C.
hystrix “Sundai”, and Citrus aurantiifolia “Lemon Lokal”),
rounded (e.g. Citrus x aurantium var. nobilis “Siam”,
Citrus xmicrocarpa “Jeruk Kunci”) and truncate (e.g.
Citrus x aurantium var. nobilis, C. hystrix, C. x aurantium
“Jeruk Hantu). C. medica var. sarcodactylis has the most
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unique fruit apex, i.e. fingered-shape, and well-known as
Finger Citrus due to this character (Zhang 2015). This
character can be used to fast identification of this Citrus.
The finger is up to 20 or more and arranged in two cycles,
and the outer cycle has a higher number of fingers than the
inner one.

The pericarp of Citrus is divided into three parts, i.e.
epicarp, mesocarp and endocarp (Sadka et al. 2019).
Epicarp is the outer part of the pericarp in Citrus. This part
is also known as flavedo (Multari et al. 2021; Sharma and
Tripathi 2006). Mesocarp is the inner part of the pericarp,
located after epicarp, and also named as albedo in Citrus
(Yerlikaya et al. 2016). In Citrus fruit, the endocarp is an
internal tissue (Cebadera-Miranda et al. 2020) and usually
is divided into segments. Endocarp contains juicy pulp. In
this study, the fruit skin of Citrus (epicarp) color varies
from light yellow (e.g C. maxima), yellow (e.g. C. medica
var. sarcodactylis, C. x amblycarpa), orange (e.g. Citrus
xaurantium var. nobilis, C. x aurantium) to dark orange
(e.g. Citrus Sp.1). The other characteristic of epicarp of
each Citrus in this study is the epicarp surface texture, that
varies form smooth (e.g. Citrus x microcarpa “Jeruk
Kunci”?, C. x aurantium var. nobilis), pitted (e.g. C. x
amblycarpa, C. x aurantiifolia, C. maxima), rough (C.
medica “ Jeruk Pagar, C. medica var. sarcodactylis) and
bumpy or slightly bumpy (C. hystrix “Purut” and
“Sundai”).

The quantitative data of Citrus fruits in this study is
presented in figure 3A-C. Figure 3A shows the fruit
weight. Citrus with the lightest (ca. 15 gr) and heaviest
fruit (ca. 475 gr) are Citrus x microcarpa “Jeruk Kunci”
and C. maxima, respectively. Figure 3B presents the fruit
size (width and height). Based on this figure, C. maxima
has the highest measurement for both parameters. The
thickness of the mesocarp (albedo) and a number of
segments of Citrus fruit are presented in Figure 3C. The
thickness of the mesocarp was measured from the inner
part of the epicarp (flavedo) to the placenta in the center.
The thickest mesocarp (albedo) (23 mm thick) belongs to
C. medica supsp. sarcodactylis. This Citrus has a unique
mesocarp that covers up to 95 % of the inner fruit part due
to the absence of pulp. C. maxima also recorded thick
mesocarp (ca. 21 mm thick). On the other hand, the
thickness of the mesocarp of Citrus x microcarpa “Jeruk
Kunci” is ca. 1-1.5 mm. The color of this part also varies
from white (e.g. C. hystrix, C. maxima, C. medica “Jeruk
Pagar, C. medica “Jeruk hantu”), light yellow (e.g. C. x
microcarpa) and yellowish-orange (C. x aurantium “Jeruk
Peras”). The number of endocarp fruit segments recorded
in this study varies from 0 (in C. medica var. sarcodactylis)
to 13 (C. longilimon) (Figure 3C).

The result of this study indicates great morphological of
Citrus in Riau Province. Based on the explanation on
Citrus morphology above, the members of this genus can
be distinguished one to each other based on the laminae,
petiole, flower and fruits characteristics. For example, the
broad petiole wing and bumpy epicarp (flavedo) is the
main characteristic of C. hystrix. C. maxima is
characterized by having the largest fruit as well as a thick
and spongy mesocarp (albedo). C. medica members show


http://www.theplantlist.org/tpl1.1/record/kew-2724244
http://www.theplantlist.org/tpl1.1/record/kew-2724244
http://www.theplantlist.org/tpl1.1/record/kew-2724244
http://www.theplantlist.org/tpl1.1/record/kew-2724244
http://www.theplantlist.org/tpl1.1/record/kew-2724244
http://www.theplantlist.org/tpl1.1/record/kew-2724244
http://www.theplantlist.org/tpl1.1/record/kew-2724244
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rough epicarp and a large portion of mesocarp (albedo). In  microcarpa is its simple leaf and small fruit size. The result
C. medica var. sarcodactylis, the mesocarp portion isup to  in this study provides the first morphological data from
100% of the inner fruit parts. The characteristic of C. x  Citrus in Riau Province.
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Figure 2. Fruit characteristic of Citrus from Riau Province. A & P. C. maxima; B & Q. Citrus medica var. sarcodactylis; C, R1, R2. C.
medica “Jeruk Pagar”; D, S1 & S2. C. longilimon; E, U1 & U2. Citrus aurantiifolia “Lemon Lokal”; F, V1 & V2. C. hystrix “Jeruk
Purut”; G, T1 & T2. C. x aurantium var. nobilis; H & W. C. x aurantium “Jeruk Peras”; I, Y1 & Y2. C. X aurantium “Jeruk Hantu”; J,
X1 & X2. Citrus Sp.2; K, Z1& Z2. C. aurantiifolia “Jeruk Nipis”; L, DD & EE. C. x amblycarpa; M, BB & CC. Citrus s. (1); N & AA.
Citrus x microcarpa “Jeruk Kunci”; O, FF & GG. C. x microcarpa “Jeruk Kasturi”; HH-KK. C. medica “Jeruk Hantu”
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Figure 3. Quantitative data of Citrus fruits from Riau Province, Indonesia. A. Fruit weight, B. Fruit height and width, C. Number of

endocarp segments and albedo thickness

The uses of Citrus in Riau Province

The Citrus members contain nutrients essential to the
human diet (Sadka et al. 2019). According to Javadev and
Athira (2017), Citrus fruits have a high content of Vitamin
C that is very useful for protecting the human body from
free radicals. Therefore, Citrus is outstanding among the
most popular edible fruit crops in the world (Jose et al.
2014), but also for processed juice (Backer and Cameron
1999) or medicinal treatments (Chaudhari et al. 2016).

The uses recorded for Citrus identified in this study are
presented in Table 2. The plant parts whose uses were
recorded in this study are the whole plant, leaves, fruits,
pericarps and pulp or juice, depending on the purpose of
their uses. Usually, the whole plant is used for ornamental
purposes, while leaf, fruit, pericarp and pulp are used for
other aims, as presented in Table 2.

Traditional drink and juice

In this study, Citrus used for preparing traditional
drinks is C. x limon, C. aurantiifolia, C. longilimon and C.
x microcarpa. These Citrus are usually sliced and mixed

with hot water before being drunk for an infused drink.
Sometimes, the other ingredients e.g. ginger is mixed with
this drink. C. x microcarpa is also used for a fresh drink,
and is commonly sold by local people during hot days. C. x
aurantium “Jeruk Peras” is usually prepared for fresh juice.

Dessert

Citrus used for dessert in this study is Citrus x
aurantium var. nobilis, C. maxima and Citrus x microcarpa
“Jeruk Kunci”. However, the most common Citrus for
freshly consumed dessert is Citrus x aurantium var. nobilis
due to its sweet pulp. Furthermore, the price is more
affordable for local people than C. maxima and Citrus x
microcarpa “Jeruk Kunci”. Citrus x aurantium var. nobilis
is widely cultivated in Riau Province. Bangkinang, Kampar
District is the agricultural center of this Citrus in Riau
Province. Citrus reticulata x (C. x aurantium var. unshiu x
C. x aurantium var. sinensis) is also used for fresh fruit
dessert in other country (Japan, Korea, Brazil) (Reis et al.
2018). However, in Riau Province this Dekopon Citrus is
only used for ornamental plant due to its high price.
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Table 2. The uses of Citrus in Riau Province, Indonesia
Species Plant part used Uses Preparation
Citrus aurantiifolia “Lemon Lokal” Pulp Diet drink, Traditional drink Infusion
Traditional treatment Squashed
Herb Squashed
Fruit Face mask Sliced and rubbed
Herb Sliced
Citrus x amblycarpa Fruit Herb Crushed
Citrus aurantiifolia “Jeruk Nipis” Pulp Traditional drink Infusion
Traditional treatment Squashed and boiled
Herb Squashed
Citrus x aurantium “ Jeruk Hantu” Fruit Folklore Sliced
Citrus x aurantium “Jeruk Peras” Pulp Juice Squashed
Citrus hystrix “Purut” Leaf Herb and spice Chopped
Pulp Herb Infusion
Pericarp Herb, condiment Ground
Whole fruit Folklore Sliced
Citrus hystrix “Sundai” Fruit Herb Sliced
Citrus x microcarpa “Jeruk Kunci” Fruit Traditional treatment Sliced or squashed
Whole plant Ornamental plant Grouwn in the pot
Citrus longilimon Pulp Traditional drink Infusion in warm water
Herb Squashed
Citrus medica “Jeruk Hantu” Fruit Folklore Sliced
Citrus medica “Jeruk Pagar” Fruit Folklore Sliced
Citrus medica var. sarcodactylis Fruit Traditional Treatment Sliced
Pericarp Traditional treatment Sliced
Whole plant Ornamental Grown in pot
Citrus x microcarpa “Jeruk Kasturi” Fruit Herb Sliced
Traditional or fresh drink Sliced, squashed
Pulp Traditional treatment Squashed
Citrus maxima Pulp Dessert Freshly consumed
Fruit Traditional treatment Sliced
Citrus x aurantium var. nobilis Pulp Dessert Freshly consumed
Fresh drink Squashed
Citrus reticulata x (C. x aurantium var. unshiu x C.  Whole plant Ornamental plant Grown in a pot
X aurantium var. sinensis)
Citrus spl. Fruit Folklore Sliced
Citrus sp2. Fruit Folklore Sliced

Herb and spice

Herbs are plant parts for flavoring (YYang and Peppard
1999), seasoning and garnished for food (Motaleb 2011).
Herb is used in fresh conditions while spice is dried plan
part, e.g. seed, leaf, bark and flower (Kunnumakkara et al.
2009). The part used for herbs in this study are fruit (Citrus
aurantiifolia  “Lemon Lokal”, C. x amblycarpa, C.
longilimon, C. x microcarpa), leaf (C. hystrix), the pulp
(Citrus aurantiifolia “Lemon Lokal”, C. x aurantiifolia).
The Citrus used as spice or condiment is C. hystrix.
Usually, the dried leave of C. hystrix is used for flavoring
meat-based food and traditional snacks.

Traditional treatment and folklore

The secondary metabolites and bioactivities of Citrus
had been widely studied in order to examine their
effectiveness as medicinal resources (Li et al. 2015;
Chaudri et al. 2016). According to Ahmed and Azmat
(2019), the bioactives of Citrus are suitable for a balanced
diet and to keep humans healthy. In Indonesia, including in
Riau Province, many people still rely on traditional
practitioners to cure health problems. In this study, the

species of Citrus are commonly used for traditional
treatments for ulcer (C, x aurantiifolia (Christm.) Swingle
“Lemon Lokal”, C. x microcarpa), skin boil (C. x
aurantiifolia), stamina booster for cancer patients (Citrus x
aurantiifolia (Christm.) Swingle “Lemon Lokal”, C. x
aurantiifolia “Jeruk Nipis™), childbirth treatment (C. x
aurantiifolia), and other diseases. The use of C.
aurantiifolia for childbirth treatment to ease labor in this
province was also reported by Susandarini et al. (2021).
This species is also used to induce the production of breast
milk. Traditional treatments with Citrus were also reported
from other province in Indonesia. Silalahi and Nisyawati
(2018) reported the uses of Citrus for treating cholesterol in
South Sumatra Province. Furthermore, some species of
Citrus (e.g. C. hystrix, C. x aurantiifolia and Citrus
xaurantium var. nobilis) are used for “oukup” (traditional
steam-bathing) in this province. In East Java, C. x
aurantium is used for treating respiratory-nose ad ear
problems, as well as, oral/ dental and throat problems
(Jadid et al. 2020). Besides traditional treatments, Citrus
species are also used for folklore purposes, such as for
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black magic treatment. C. medica “Jeruk Hantu”, Citrus
Sp1 and Citrus Sp2 are used in this treatment.

The result of this study is the first record on
identification, morphology as well as the uses of Citrus
members in Riau Province. The data obtained may
complete the flora of Riau database that may support in
identification and classification of vascular plants.

ACKNOWLEDGEMENTS

This research was supported by PDUPT Research Grant
2021, Ministry of Education, Culture, Research and
Technology, Republic of Indonesia (Kemendikbud Ristek)
(No. 462/UN.19.1.5.3/PT.01.03/2021).

REFERENCES

Abouzari A, Nafiseh MN. 2016. The investigation of Citrus fruit quality.
Popular Characteristic and Breeding. Acta Universitatis Agriculturae
et Silviculturae Mendelianae Brunensis 64: 725-740. DOI:
10.11118/actaun201664030725.

Ahmed W, Azmat R. 2019. Citrus: An ancient fruits of promise for health
benefits. Citrus-Health Benefits Prod Technol 19-30. DOI:
10.5772/intechopen.79686.

Avraujo EF, Queiros LP, Machado MM. 2003. What is Citrus? Taxonomic
implications from a study of cp-DNA evolution in the tribe Citreae
(Rutaceae subfamily Aurantioideae). Org Divers Evol 3 (1): 55-62.
DOI: 10.1078/1439-6092-00058.

Baker RA, Cameron, Randall. 1999. Cloud of Citrus juices and juice
drinks. Food Technol 53: 64-69.

Cebadera-Miranda L, Morales P, Cmara M. 2020. Chapter 27-Bioactive
compounds in oranges from the Mediterranean climate area. The
Mediterranean Diet (Second Edition) An Evidence-based Approach.
Elsevier, Amsterdam. DOI: 10.1016/B978-0-12-818649-7.00027-8.

Chaudhari S, Ruknuddin G, Prajapati P. 2016. Ethno medicinal values of
Citrus genus: A review. Med J Dr. D.Y. Patil Univ 9: 560-565. DOI:
10.4103/0975-2870.192146.

Claben-Bockhof R. 2001. Plant morphology: The historic concepts of
Wilhelm Troll, Walter Zimmermann and Agnes Arber. Ann Bot 88:
1153-1172. DOI:10.1006/anb0.2001.1544.

Dias JCS. 2015. Biodiversity and Plant Breeding as Tools for Harmony
Between Modern Agriculture Production and the Environment. In:
Caliskan M, Oz GC, Kavakli IH, Ozcan B (eds) Molecular
Approaches to Genetic Diversity. IntecOpen. DOI: 10.5772/60080.

George A. 2007. Principles of Plant Genetics and Breeding. Blackwell.
USA.

GRIN. 2021. Citrus.
grin.gov/gringlobal/taxon/taxonomysearch

Hamdan D, Ashourb ML, Mulyaningsih S, El-Shazlya S, Winkc M. 2013.
Chemical composition of the essential oils of variegated pink-fleshed
lemon (Citrus x limon L. Burm. f.) and their anti-infl ammatory and
antimicrobial activities. Z Naturforsch C J Biosci 68: 275-284. DOI:
10.1515/znc-2013-7-804.

Hamedi A, Zarshenas M, Jamshidzadeh A, Ahmadi S, Heidari R,
Pasdaran A, Pham T. 2019. Citrus aurantium (bitter orange) seed oil:
pharmacognostic, anti-inflammatory, and anti-nociceptive properties.
Trends Pharm Sci 5 3): 153-164. DOl:
10.30476/tips.2019.82996.1020.

Hartati S, Endang M, Pardono, Ongko C, Yuliyanto P. 2019.
Morphological characterization of Coelogyne spp. for germplasm
conservation of orchids. Rev Ceres 66: 265-270. DOI: 10.1590/0034-
737x201966040004.

Hoque MA. 2016. Pomelo. Lab Lambert Academic Publishing, Republic
of Moldova.

Hufford B, Teran JCBM, Gepts P. 2019. Crop biodiversity: An unfinished
magnum opus of nature matthew. Annu Rev Plant Biol 70: 727-751.
DOI: 10.1146/annurev-arplant-042817-040240.

IPGRI. 1999. Descriptors for Citrus. International
Resources Institute, Rome, Italy.

https://npgsweb.ars-

Plant Genetic

BIODIVERSITAS 23 (2): 1038-1047, February 2022

Igbal S, Gopal A, Sankaranarayanan PE, Nair A. 2015. Estimation of size
and shape of Citrus fruits using image processing for automatic
grading. 3rd International Conference on Signal Processing,
Communication and  Networking (ICSCN). |EEE. DOL:
10.1109/ICSCN.2015.7219859.

Jadid N, Kurniawan E, Himayani C, Andriyani, Prasetyowati I, Purmani
KIl, Muslihatin W, Hidayati D, Tjahjaningrum ITD. 2020. An
ethnobotanical study of medicinal plants used by the Tengger tribe in
Ngadisari village, Indonesia. PLoS One 15 (7): e0235886. DOI:
10.1371/journal.pone.0235886.

Jose M, Dunilkumar T, Antony VT. 2014. Ethnobotanical uses of Citrus
aurantifolia (Christm.) Swingle and Citrus limon (L.) Burm.f. J Econ
Taxon Bot 38 (3/4): 522-525.

Kunnumakkara A, Bicer C, Dey S, Danda D, Sung B, Aggarwal, B. 2009.
Traditional uses of spices: an overview. molecular targets and
therapeutic uses of spices. World Scientific Publishing Co. Pte. Ltd.
DOI: 10.1142/9789812837912_0001.

Lin CY, Tsai CH, Tien HJ, Wu ML, Su HJ, Hung TH. 2017.
Quantification and ecological study of ‘Candidatus Liberibacter
asiaticus’ in Citrus hosts, rootstocks and the Asian Citrus psyllid.
Plant Pathol 6: 1555-1568 DOI: 10.1111/ppa.12692.

Lv X, Zhao S, Ning Z, Zeng H, Shu Y, Tao O, xiao C, Lu C, Liu Y. 2015.
Citrus fruits as a treasure trove of active natural metabolites that
potentially provide benefits for human health. Chem Cent J 9: 68-78.
DOI: 10.1186/s13065-015-0145-9.

Martinez-Cuenca M, Primo-Capella A, Forner-Giner MA. 2016. Influence
of Rootstock on Citrus Tree Growth: Effects on photosynthesis and
carbohydrate distribution, plant size, yield, fruit quality, and dwarfing
genotypes. In: Rigobelo EC (ed) Plant Growth. IntecOpen. DOI:
10.5772/64825.

Matheyambath AC, Padmanabhan P, Paliyath G. 2016. Citrus Fruits.
Encyclopedia of Food and Health. Elsevier, Amsterdam. DOI:
10.1016/B978-0-12-384947-2.00165-3.

Morton C, Telmer C. 2014. New subfamily classification for the Rutaceae.
Ann Mo Bot Gard 99: 620-641. DOI: 10.3417/2010034.

Motaleb MA. 2011. Selected Medicinal Plant of Chittagong Hill Tracks.
IUCN.
https://www.iucn.org/downloads/medicinal_plant_11_book.pdf

Multari S, Licciardello C, Caruso M. et al. 2021. Flavedo and albedo of
five Citrus fruits from Southern Italy: physicochemical characteristics
and enzyme-assisted extraction of phenolic compounds. Food Meas
15 (2): 1754-1762. DOI: 10.1007/s11694-020-00787-5.

Ollitrault P, Luis N. 2012. Citrus. In: Fruit Breeding. Springer. DOI:
10.1007/978-1-4419-0763-9_16.

Ollitrault P, Curk F, Krueger R. 2020. Citrus taxonomy. In: Talon M,
Caruso M, Gmitter F. (eds) The Genus Citrus. Woodhead Publishing,
Cambridge. DOI: 10.1016/B978-0-12-812163-4.00004-8.

Pao S, Fellers PJ. 2003. Citrus Fruits Oranges. Encyclopedia of Food
Sciences and Nutrition. Academic Press. DOI: 10.1016/B0-12-
227055-X/00242-X.

Purwanti E, Prihanta W. 2017. Morphological diversity and germplasm
conservation strategies of Phaseolus lunatus L in East Java. 4 th
International Conference the Community Development in ASEAN.

Reis LCR, Ferreira EA, Elias HHS, Boas EVV, Rios AO. 2018.
Postharvest conservation of fresh and minimally processed ‘Dekopon’
tangerine in different temperatures and storage times. Braz J Food
Res 9 (1): 112-124. DOI: 10.3895/rebrapa.v9n1.5348.

Rivera D, Bermidez A, Obon C, Alcaraz F, Rios S, Sanchez-Balibrea J,
Ferrer-Gallego PP, Krueger R. 2022. Analysis of ‘Marrakesh limetta’
(Citrus x limon var. limetta (Risso) Ollitrault, Curk & R. Krueger)
horticultural history and relationships with limes and lemons. Sci
Hortic 293: 110688. DOI: 10.1016/j.scienta.2021.110688.

Rumphius G. 1741. Herbarium Amboinense. Vol. 2. Tab. 29. Meynard
Uytwerf. Amsterdam.

Sadka A, Shlizerman L, Kamara |, Blumwald E. 2019. Primary
metabolism in Citrus fruit as affected by its unique structure. Front
Plant Sci 10 (1167): 1-14. DOI: 10.3389/fpls.2019.01167.

Santos ARA, Souza KH, Souza FVD, Fadini M, Girardi EA, Filho WSS.
2015. Genetic variation of Citrus and related genera with ornamental
potential. Euphytica 205 (2): 503-520. DOI: 10.1007/s10681-015-
1423-2.

Silali M, Nisyawati. 2018. An ethnobotanical study of traditional steam-
bathing by the Batak people of North Sumatra, Indonesia. Pac
Conserv Biol 25 (3): 266-282. DOI: 10.1071/PC18038.

Sharma N, Tripathi A. 2006. Effects of Citrus sinensis (L.) Osbeck
epicarp essential oil on growth and morphogenesis of Aspergillus


https://doi.org/10.1078/1439-6092-00058
https://doi.org/10.1016/B978-0-12-818649-7.00027-8
https://doi.org/10.1515/znc-2013-7-804
https://doi.org/10.1016/B978-0-12-384947-2.00165-3
https://doi.org/10.1016/B978-0-12-812163-4.00004-8
https://doi.org/10.1016/B0-12-227055-X/00242-X
https://doi.org/10.1016/B0-12-227055-X/00242-X
https://doi.org/10.3895/rebrapa.v9n1.5348

SOFIYANTI et al. — Citrus of Riau, Indonesia

niger (L.) Van Tieghem. Microbial Res 163 (3): 337-44. DOI:
10.1016/j.micres.2006.06.009.

Sofiyanti N, Fitmawati Iriani D, Roza AA. 2015. Stenochlaena riauensis
(Blechnaceae), a new fern species from riau, Indonesia. Bangladesh J
Plant Taxon 22 (2): 137-141. DOI: 10.3329/bjpt.v22i2.26075.

Sofiyanti N, Wahyuni PI, Iriani D. 2021. Stomatal characteristics of 5
Citrus L. species (Rutaceae) from Pekanbaru, Riau Province. Jurnal
Biologi Tropis 22 (1): 173-78. [Indonesian]

Susandarini R, Khasanah U, Rosalia N. 2021. Ethnobotanical study of
plants used as food and for maternal health care by the Malays
communities in Kampar Kiri Hulu, Riau, Indonesia. Biodiversitas 22
(6): 3111-3120. DOI: 10.13057/biodiv/d220613.

Yulianti, F, Adiredjo AL, soetopo L, Ashar S. 2020. Morphology and
genetic characteristics of potential Citrus rootstock in Indonesia.
Biodiversitas 21 (11): 5514-5520 DOI: 10.13057/biodiv/d211160.

1047

Yunus |, Putri 1Y, Hafifah H. 2018. Characterization of pamelo leaves
(Citrus maxima (Burm) Merr) Aceh, Indonesia. J Trop Hortic 1 (1):
20-25. DOI:10.33089/JTHORT.V1I1.8.

Sedeek M, Kirollos F, Michel C, Kawy M. 2016. Botanical and genetic
characterization of Citrus maxima (Burm.) Merrill. F. Rutaceae. Intl J
Pharm Pharm Sci 9: 260-272. DOI: 10.22159/ijpps.2017v9i1.11516.

Tropicos. 2021. Limonia aurantifolia Christm.
http://www.tropicos.org/Name/50119438 (accessed 19 Nov 2021)

Yang X & Peppard TI. 1999. Food and Flavor Applications. Solid Phase
Microextraction. DOI: 10.1201/9781439832387.ch6.

Yerlikaya P, Gokoglu N, Topuz OK, Gumus B, Yatmaz HA. 2016
Antioxidant activities of Citrus Albedo and flavedo fragments against
fish lipid oxidation. J Aquat Food Prod Technol 25 (8): 1339-1347
DOI: 10.1080/10498850.2015.1059917.

Zhang Q. 2015. Citrus medica L. var. sarcodactylis Swingle (Foshou,
Finger Citron). In: Liu Y. Wang Z, Zhang J (eds) Dietary Chinese
Herbs. Springer, Vienna. DOI: 10.1007/978-3-211-99448-1_37.



