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ABSTRACT 

Hibiscus chlorotic ringspot virus (HCRSV) was isolated from naturally infected roselle plants 
showing chlorotic spot, ringspot, mosaic, vein banding, leaf chlorosis, leaf cupping and rosetting. The 
virus was biologically purified from a single local lesion formed on Chenopodium amaranticolor Coste 
& Reyn. Virus identification based on symptomatology, host range, transmissibility, morphology of 
virus particles. The virus identity was confirmed by Reverse Transcriptase Polymerase Chain Reaction 
(RT-PCR) which giving an amplified fragment of 557 bp using specific primer that amplify a conserved 
region in the coat protein (CP) gene of HCRSV. Electron micrograph of HCRSV dip preparations 
showed isometric particles with a diameter of approximately 28-30 nm. HCRSV infection significantly 
reduced the plant height and number of branches per plant. The virus infection significantly decreased 
the number of calyx per plant and fresh & dry weight values of sepals. Chemical analysis of roselle 
sepals showed that virus infection significantly decreased the anthocyanin content, while increase the 
total titratable acidity, ascorbic acid and flavonoids contents ,compared to that of  healthy plants.   
 
Keywords: Hibiscus chlorotic ringspot virus (HCRSV), roselle plants (Hibiscus sabdariffa L.), 

chemical analysis 

 
Introduction 

Hibiscus sabdariffa L. (Roselle, Jamaica sorrel or red sorrel), is an important tropical and 
subtropical plant belonging to the family Malvaceae , is known in Egypt as Karkadeh (El-Saidy et al., 
1992). Fresh or dried sepals of H. sabdariffa are used in the preparation of herbal drinks, fermented 
drinks, jam, jellied confectionaries, ice cream, chocolates, puddings and cakes (Ismail et al., 2008). Red 
sepals of Roselle are rich in bioactive compounds such as organic acids, anthocyanin and other 
flavonoids which are responsible for its pharmacological activity (Da-Costa-Rocha et al., 2014). It is 
also rich in vitamin C (ascorbic acid), carotene, riboflavin, niacin, calcium and iron (Mahadevan et al., 
2009). Sepals also are consumed worldwide as a cold beverage and as a hot drink (Nman and Onyeke, 
2003). Medical uses of sepals are regarded as diuretic, febrifugal, decreasing the viscosity of blood and 
stimulating intestinal peristalsis (Morton, 1987 ), and it’s used also as antiseptic, astringent, demulcent, 
emollient, purgative, refreshment, sedative, stomachic, and tonic (Ali et al., 2005). In addition it has a 
great therapeutic action for curing high blood pressure and anemia (Abdelrahman and shayoub, 2016). 
The red anthocyanin pigments in the calyx are used as food colouring agents (Esselen and Sammy, 
1975). H. sabdariffa plants are also prone to diseases mostly caused by plant viruses includes, Hibiscus 
latent Singapore virus, Abutilon mosaic geminivirus, Okra mosaic tymovirus, Cotton leaf curl Multan 
virus and Hibiscus chlorotic ringspot virus (HCRSV) (Liu et al., 2004; Li and Chang, 2006; Nelson, 
2008; Fernández et al., 2016 and Arif  et al., 2018). HCRSV is a member of genus Carmovirus from 
the family Tombusviridae . (Niu et al., 2014). In Egypt, HCRSV was isolated from naturally infected 
okra (Abelmoschus  esculentus) plants ( Abdallah, 2015 ). Symptoms of HCRSV-infected plant leaves 
range from generalized mosaic, mottle to chlorotic ring spots & vein-banding patterns, severe stunting 
and flower distortion (Gao et al., 2012). The virus can be spread mechanically or through vegetative 
propagation of infected plants, but it not transmitted by seeds or aphid Myzus persicae (Brunt and 
Spence, 2000). The virus has wide host range (Jones and Behncken, 1980), where can  infect 12 of 13 
Malvaceae spp. and a few genuses of Fabaceae and Solanaceae. The susceptible species 
nonmalvaceous genera were Antirrhinum, Digitalis, Chenopodium, Gomphrena, and Torenia 
(Waterworth et al., 1976). HCRSV is isometric in shape with a diameter of approximately 28-30 nm 
(Li and Chang, 2002). The virus was detected by specific primer pairs designed to amplify a conserved 
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region in the coat protein (CP) gene giving an amplification with a size of 557bp using  the RT- PCR 
assays (Tang et al., 2008). Several studies have focused on changes in some plant growth parameters 
and active principles affected by virus infection. Alfalfa mosaic virus (AMV) infection decreased the 
yield of essential oil produced by Lavandula hybrid (Bellardi et al., 2006). The infection by Cucumber 
mosaic virus caused significant reduction in the yield of essential oil and several changes in the relative 
composition of the main components of Agastache anethiodora (Bruni et al., 2007). Potato virus X 
caused a significant decrease in atropine and scopolamine in leaves of Datura stramonium (Duarte et 
al., 2008). Tomato spotted wilt virus infected tomato plants and increased flavonoids and ascorbic acid 
contents in fruits (El-Shazly et al., 2008). Alfalfa mosaic virus (AMV) infection is responsible for a 
decrease in the crude essential oil amount of basil, and for changes in their composition (Nagai et al., 
2011). Grapevine leaf-roll associated virus-3(GlRaV-3) caused dramatic reduction in anthocyanin 
biosynthesis in infected grapevine plants (Vega et al., 2011). The fiber yield of kenaf and economic 
value was reduced by HCRSV infection, where plant height, leaf size and kenaf plant growth was 
severely retarded. (Gao et al., 2013).Tobacco mosaic virus (TMV) infection reduced plant fresh and 
dry weight of pepper plants (Pazarlar et al., 2013).The viral disease also causes considerable loss in 
yield biomass and essential oil in Mentha spp. cultivars (Smitha and Virendra 2015), where 
morphological alterations induced by Alfalfa mosaic virus in basil leaves may affect abundance & 
efficacy of secretive tissues, so organoleptic properties and quantity & quality of the essential oils 
(Bruni et al., 2016). Tomato spotted wilt virus decreased the lycopene content in tomato fruits, while 
the total titratable acidity was increased in infected tomato plants (El-Shazly et al., 2016). Okra yellow 
vein mosaic virus (OYVMV) caused significant reduction in plant height, flowers, fruits and yield of 
okra (Khaskheli et al., 2017). The highest value of flavonoids content were recorded in periwinkle 
plants (Catharanthus roseus L.) infected with Cucumber mosaic virus than healthy plants (Al-Zahrania 
et al., 2018). The aim of the present study was to isolate and identify HCRSV from naturally infected 
roselle plants, evaluate the effect of the virus on growth, yield and active constituents of roselle plants.    
 
Materials and Methods 
 

Virus isolation and propagation 

 
Samples from naturally infected roselle plants exhibiting Hibiscus chlorotic ring spot virus -like 

symptoms were collected from the experimental farm of the applied research center of medicinal plants, 
National Organization for Drug Control and Research (NODCAR), Giza. Egypt. The observed 
symptoms included chlorotic spot, ringspots, mosaic, vein banding, leaf chlorosis, leaf cupping and 
rosetting. Infected plant samples were used as a source of virus and mechanically inoculated onto roselle 
plants grown in the greenhouse. The virus was purified biologically through three consecutive passage 
onto the local lesion host Chenopodium amaranticolor plants (Kuhn, 1964) then, it was propagated 
mechanically in roselle plants which used as a virus source. 
 

Host range studies  

 

To study the host range of HCRSV, fifteen plant species belonging to four families i.e., 
Chenopodiacea, Malvaceae, Fabaceae and Solanaceae were mechanically inoculated with HCRSV 
infectious sap (Noordam, 1973). The inoculated plant species were maintained under greenhouse 
conditions for symptoms development. The obtained symptoms were confirmed by back inoculation 
onto Ch. amaranticolor leaves. 
 
Electron microscopy  
 

Electron microscopic examination of negatively stained leaf dip preparations, was carried out 
according to the technique described by Lin et al. (1977). Carbon coated cupper grid (400mesh) were 
dipped in sap expressed from HCRSV infected leaves, negatively stained by 2% phosphotungetic acid 
(PTA) for two minutes, air dried and then examined immediately using Transmission Electron 
microscope JEOL(JEM-1400TEM, Japan) at the Electron Microscope Unit, Faculty of Agriculture, 



Middle East J. Appl. Sci., 9(1): 50-62, 2019 
ISSN 2077-4613 

52 

Cairo University, Research Park (FARP). Electron micrographs were captured using camera at 
150000x. 
 
Molecular detection of HCRSV 
 
Total RNA Extraction  
 

Total RNA isolated from naturally infected, mechanically inoculated and healthy roselle  plants 
was extracted using Gene jet™ plant RNA purification mini kit (Thermo Scientific, USA) according to 
manufacturer’s manual and the purified RNA used as a template for RT-PCR amplifications. 

 

Reverse transcription- polymerase chain reaction and Primer design 
  

The HCRSV coat protein gene (CP) was amplified by RT-PCR according to the method described 
by Tang et al. (2008). RT-PCR was conducted using Verso™ 1-step RT-PCR system, obtained from 
Thermo Fisher Scientific Co. (Waltham, MA, USA), according to the manufacturer’s instructions. The 
conserved region in the CP gene of HCRSV was amplified by one step RT-PCR using the forward ( 5′- 
GGAACCCGTCCTGTTACTTC-3′) and reverse (5′-ATCACATCCACAT CCC C T TC-3′) primers of 
Tang et al. (2008) obtaining 557 bp fragment. The RT-PCR reaction was optimized to be performed in 
a final volume of 50 μl. The final concentrations of the reaction components were: 25 μl of 1-Step PCR 
Master Mix, 200 nM of each forward and reverse primer, 1 μl Verso enzyme mix, 2.5 μl RT-Enhancer 
and 3 ng of template (RNA). Amplification was performed in an automated T Gradient Biometra 
(Germany) thermal cycle. The RT reaction started with incubation at 55°C for 30 min, followed by 
denaturation at 94°C for 2min. The PCR reaction was performed by 40 cycles starting with denaturation 
at 94°C for 15 sec, primer annealing at 55°C for 30 sec and extension at 68°C for 1 min, finally an 
additional extension step at 68°C for  5 minutes was performed. RT-PCR products were mixed with 6x 
loading buffer, stained with gel star (Lonza, USA) and analyzed by electrophoresis on 1% agarose gels 
then visualized by UV illumination using Gel Documentation System (Gel Doc 2000, Bio-Rad, USA). 
A 100bp DNA ladder (Invitrogen, CA, USA) was used.  
 
Effect of infection with HCRSV on growth and yield of roselle plants  
 

Roselle seeds obtained from National Organization for Drug Control and Research were sown in 
40×40 cm. diameter plastic pots under greenhouse conditions. After three weeks, the roselle seedlings 
were thinned to two plants/pot. Twenty plants (10 pots) were mechanically inoculated with the virus. 
Equal number of plants were left without inoculation to serve as control. The plants received the 
recommended practices. Plant height (cm.) and number of branches per plant were recorded after 6 
months from planting. Number of calyx per plant and sepals fresh & dry weight (yield) were recorded 
at harvesting time. After 20 days from flowering sepals of roselle were collected from healthy and 
infected plants and dried in hot air oven at 70◦C for 6 hrs. Fresh and dry weight/plant (g) were recorded. 
Sepals samples were kept in a desiccator for further analysis. 

 

Chemical analysis of roselle sepals 
 

Effect of infection with HCRSV on total titratable acidity and ascorbic acid content  

 

The chemical analysis were carried out in the Lab of National Organization for Drug Control and 
Research. Total acidity was determined according to A.O.A.C 1965. Ascorbic acid was determined 
according to method of Loeffler and Ponting (1942). 

 

Effect of infection with HCRSV on total anthocyanin content 

 
Total anthocyanin content in the sepals was determined as mg/g dry weight according to the 

method described by Fuleki and Francis (1968) and Du & Francis (1973).  
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Effect of infection with HCRSV on total flavonoids 

 

Total flavonoids content was determined as (mg/g FW) according to the aluminum chloride 
colorimetric method described by Chang et al. (2002). 

 
Experimental layout and statistical analysis 
 

Data were analyzed with the statistical analysis system SAS. All multiple comparisons were first 
subjected to analysis of variance (ANOVA) comparisons among means was carried out according to 
Duncan's multiple range test (Duncan1995). 

 
Results 

 

Virus isolation and propagation 

 

Symptoms of the virus in naturally infected roselle plants showed mosaic, ringspots, chlorotic 
spots, leaf chlorosis, vein banding, rosetting and leaf cupping (Fig.1A-E). The virus was transmitted 
mechanically from naturally infected roselle plants to healthy roselle seedlings grown in the greenhouse 
at the 2-3 leaf stage. Symptoms appeared after 15 to 20 days from virus inoculation as mosaic, chlorotic 
spots, chlorotic ringspots, leaf chlorosis, vein banding, leaf cupping and plasters (Fig 2A-F). The virus 
was biologically purified by single local lesion developed on Ch. amranticolor and then propagated in 
roselle plants which used as a source of the virus isolate. 

 

 
Fig. 1: Natural symptoms of HCRSV infection on roselle plants in a commercial roselle field (A) 

mosaic; (B) chlorotic spots and chlorotic ringspots; (C) vein banding and leaf chlorosis; (D) 
rosetting (E) leaf cupping;  (F) healthy roselle plants.  
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Fig. 2: Symptoms on roselle plants mechanically inoculated with HCRSV showing (A) mosaic; (B) 

chlorotic spots; (C) leaf chlorosis; (D) vein banding; (E) leaf cupping; (F) plasters. 

 
Host range studies 
 

Fifteen plant hosts belonging to four families were susceptible to HCRSV infection. The induced 
systemic symptoms on the tested hosts were chlorotic local lesions, chlorotic ring spots, mosaic, pin-
point local lesions, dark red spot, necrotic local lesions, vein banding, mild chlorotic ring spot, 
yellowing, flower variegation, roesetting and Plasters (Table 1 and Fig. 3&4). Results showed that 
chlorotic or necrotic local lesions appeared 6 to 10 days post inoculation,while systemic symptoms 
appeared after 15-20 days post virus inoculation. The plants of family Solanaceae were not described 
as natural hosts of HCRSV thus Capsicum annum, Datura stramonium, Lycopersicon esculentum and 
Niotiana glutinosa did not display any symptoms. However, inoculated Solanum melongena, exhibited 
chlorotic spots.  

 
Table 1: Host range of Hibiscus chlorotic ring spot virus tested by mechanical inoculation 

CHLL: chlorotic local lesion, CHS:  chlorotic spot, CHRS: chlorotic ring spot, M: mosaic, R: rosetting, VB: vein 
banding, LC:leaf chlorosis, FV: flower variegation, DRS:dark red spot, Y:yellowing, MCHS: mild chlorotic spot, 
P: Plasters, PPNLL:pin point necrotic local lesion, NLL: necrotic local lesion, NS: no symptom.  

 

Family Test plant Common name Symptoms 
Chenopodiaceae Chenopdium amarantcolor  CHLL 

 C. quinoa Quinoa CHLL 

 C. murale Nettle-leaved Goosefoot CHLL 

Malvaceae Hibiscus  sabdariffa Roselle CHS&CHRS&M&R&VB&LC 
 H. rosasinensis Gumamela LC&CHS&VB&FV 
 Gossypium   barbadense Cotton DRS 

 Abelmoschus  esculentus Okra Y &MCHS 

 Corchorus  olitorius Jute mallow M&P  
Fabaceae Phaseolus  vulgais Common bean PPNLL 

 Vigna  unguiculata Cowpea NLL                              
Solanaceae Capsicum annum Pepper NS 

 Datura stramonium Jimson weed NS 
 Lycopersicon esculentum Tomato NS 
 Niotiana glutinosa Tobacco NS 
 Solanm  melongena Eggplant CHS 
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Fig. 3: Symptoms of HCRSV infection on some host plants upon mechanical inoculation. (A) 

Chenopodium amaranticolor ; (B) C. quinoa ; (C) C. murale leaves showing chlorotic local 
lesion ; (D) okra leaves showing yellowing and mild chlorotic spot ; (E) cotton leaves showing 
dark red spot ; (F) common bean leaves showing pin-point necrotic local lesions ;(G) cowpea 
leaves showing necrotic local lesions ; (H) jute mallow leaves showing mosaic and plasters. 

 
Fig. 4: Symptoms of HCRSV infection on mechanically inoculated gumamela plants (H. 

rosasinensis). (A) leaf chlorosis; (B) chlorotic spot; (C) vein banding ; (D) flower 
variegation; (E&F) healthy gumamela flower and plant. 

 
Electron microscopy  

Transmission electron microscopic examination of the virus using dip preparation from infected 
roselle leaves negatively stained with phosphotungetic acid revealed the presence of isometric particles 
with a diameter of approximately 28-30 nm (Fig.5). 
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Fig. 5: Transmission electron microscope image of a leaf dip extract stained with 2% phosphotungestic 

acid at 150000x showing isometric virus particles in systemically infected roselle leaves. 
 

Molecular detection of HCRSV 
 

A conserved region in the CP gene of the HCRSV was amplified by RT-PCR with the total RNA 
extracted from leaves of naturally infected and mechanically inoculated using the primer of Tang et al. 
(2008). An amplified fragment of 557 bp was detected after agarose electrophoresis of RT-PCR 
products when total RNA isolated from naturally infected roselle  leaves as well as RNA isolated from 
mechanically inoculated leaves were used. No fragments were amplified from the RNA extracted from 
the comparable healthy leaves. 
 
Effect of infection with HCRSV on growth and yield of roselle plants  
 

The obtained results recorded that HCRSV infection significantly reduced the vegetative 
parameters such as plant height and number of branches per plant, compared to healthy plants. The 
plant height value was 160.1 & 202.3 cm, while the number of branches was 7.4 and 12.5 in infected 
and healthy plants, respectively (Table, 2).The HCRSV infection significantly reduced the number of 
calyx per plant and the yield parameters (sepals fresh & dry weight) than healthy plants (Table, 2). The 
virus infection greatly affected fresh and dry weight of sepals to 133.2 and 17.4 g , compared to weight 
of 225.4 & 30.5 g in healthy plants, respectively. The number of calyx per plant was 33.3 and 40.6 in 
infected and healthy plants, respectively (Table, 2).  
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Fig. 6: Agarose gel electrophoresis analysis of RT-PCR amplified products M: 100 bp DNA ladder; 

lanes L1: roselle samples naturally infected with HCRSV and L2: roselle samples mechanically 
inoculated with HCRSV; L3 (healthy plant control). 

 
Table 2: Effect of infection with HCRSV on growth and yield of roselle plants  

Growth  and  yield  parameters 
Treatments 

 
 

Plant height 
(cm.) 

Number of 
branches 

Number 
of calyx/plant 

Sepals 
Fresh weight 

g/plant 
Dry  weight 

g/plant 
Healthy plants 202.3 12.5 40.6 225.4 30.5 
Infected plants 160.1 7.4 33.3 133.2 17.4 
L.S.D  0.05% 4.8 1.4 2.8 1.7 0.9 

 
Chemical analysis of roselle sepals 
 
Effect of infection with HCRSV on total titratable acidity, ascorbic acid, total anthocyanin and 
flavonoids contents in sepals of roselle plants 
 

The HCRSV infection significantly increased total titratable acidity in sepals of infected plants, 
than that of healthy ones (Table, 3). The highest acidity value was detected in roselle sepals infected 
with HCRSV (42.63%), while the lowest acidity content (21.87%) was recorded in sepals of healthy 
plants. The highest ascorbic acid content (31.21 mg /100g DW) was detected in sepals of roselle plants 
infected with HCRSV, while the lowest value was recorded in sepals of healthy plants (28.33mg /100g 
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DW). Hibiscus chlorotic ringspot virus infection significantly decreased the total anthocyanin content 
in sepals of infected plants comparing with that of healthy ones (23.10 and 33.32 mg/g dry weight), 
respectively. Whereas, the virus infection significantly increased the flavonoids content to 34.20 mg/g 
FW in fresh sepals, compared to 27.19 mg/g FW in healthy sepals, respectively (Table, 3) 

 
Table 3: Effect of infection with HCRSV on total titratable acidity, ascorbic acids, total anthocyanin 

and flavonoids contents in sepals of roselle plants 

 
Discussion 

Hibiscus chlorotic ringspot virus was isolated from naturally infected roselle  plants collected 
from the experimental farm of the applied research center of medicinal plants (NODCAR). The virus 
was identified on the basis of symptomatology, host range, transmissibility and morphology of virus 
particles. Effect of (HCRSV) infection on the growth, yield and active principles of roselle plants were 
studied. Previous studies reported that HCRSV caused systemic infection in  H. sabdariffa ( Li and 
Chang, 2002 & Gao et al., 2013). HCRSV infected plants exhibit leaf symptoms that ranged from 
generalized mosaic to chlorotic ringspots and vein banding patterns as well as distortion of leaves and 
flowers (Lana, 1974; Wong and Ching, 1992 ; Luria et al.,2013 and Korkmaz & Karanfil,2017). The 
virus was easily transmitted mechanically from infected roselle plants to healthy greenhouse grown 
roselle seedlings at the 2-3 leaf stage. Inoculated plants showed mosaic, chlorotic spots, vein banding, 
leaf chlorosis, leaf cupping and plasters. These results were similar to those obtained by Li and Chang 
(2006) who found that HCRSV mechanically transmitted from naturally infected gumamela plants to 
healthy gumamela seedlings and showed the same symptoms. Results indicated that HCRSV had a 
varied host range. There were fifteen hosts belonging to four families susceptible to HCRSV. These 
results are in accordance with those obtained by Watrworth et al. (1976); Brunt and Spence (2000); 
Pourrahim et al. (2013). However the virus did not induced any symptoms on Capsicum annum, Datura 
stramonium, Lycopersicon esculentum and N. glutinosa.  Dolors et al. (2016) also did not observe any 
symptoms in previously mentioned plants, when they were inoculated with HCRSV- infected plant sap. 
Transmission electron microscope revealed the presence of isometric particles with a diameter of 
approximately 28-30 nm. These results were also previously reported by Li and Chang (2002) & 
Pourrahim et al. (2013). In the present study, a product of approximately 557bp was amplified from 
viral RNA extracted from naturally infected or mechanically inoculated roselle leaves. All the infected 
roselle samples those showed symptoms characteristic for HCRSV were exhibited positive reactions, 
whereas no amplification was detected with the healthy roselle leaves. This result was similar to that 
recorded by Tang et al. (2008) and Dolores et al. (2016).  

In the present study, it was found that HCRSV infection reduced plant height, number of 
branches, and fresh and dry weight of sepals. Similar reducing effect on plant height and the fiber yield 
due to the virus infection on kenaf plants infected with HCRSV was also reported by Gao et al. (2013) 
and Khaskheli et al. (2017) on okra plants infected with Okra yellow vein mosaic virus (OYVMV). It 
is known that the end result of virus infection is a reduction in plant growth, lower yield and inferior 
product quality (Gergerich and Dolja, 2006 & Sastry and Zitter, 2014). Infection with HCRSV 
significantly increased the total titratable acidity in roselle sepals, compared to healthy plants. It may 
be due to the plant immune response as possess of highly resistance to the virus infection. These results 
are in agreement with those obtained by Charles et al. (2006) they reported that Grapevine leaf-roll 
associated virus-3 (GLRaV-3) have increased titratable acidity in infected vines than healthy vines. El-
Shazly et al. (2016) also mentioned that, the total titratable acidity was increased in tomato fruits 
infected with TSWV, compared to healthy plants. On the other hand, Lopez-Gresa et al., (2012) found 
that Tomato mosaic virus infected tomato plants caused decrease in organic acids. Ascorbic acid 

Treatments Total acidity (%) Vitamin C 
(ascorbic acid) 
mg/100g DW 

Total anthocyanin 
mg/g DW 

Total flavonoids 
mg/g FW 

Healthy plants  21.87 28.33 33.32 27.19 
Infected plants 42.63 31.21 23.10 34.20 
L.S.D  0.05% 1.9 0.8 0.9 1.1 
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(vitamin C) content in roselle sepals was higher in infected plants than in that of healthy plants. These 
results are in harmony with those obtained by El-Shazly et al. (2016) they found that the highest 
ascorbic acid content have been observed in tomato fruits infected with TSWV. The ascorbic acid 
content of pepper fruits infected with Pepper mild mottle virus (PMMoV) was increased versus healthy 
plants (Tsuda, 2007). It may be due to the important biological function of ascorbic acid in plants, it 
participate in diverse biological processes, such as pathogen defense mechanisms (Smirnoff and 
Wheeler, 2000). Among antioxidants ascorbic acid and phenolic acids are particularly important 
(Piquery et al., 2002). Moreover, the detoxification of H2O2 in plants has been known to be important 
function of peroxidases that use ascorbate as hydrogen donor. In addition, it is well known that, the 
ascorbate glutathione cycle plays a vital role in detoxification of certain oxygen species, through 
successive oxidation and reduction reactions involving ascorbate and glutathione (Prasad et al., 1999). 
Anthocyanin, the pigment responsible for the red color of roselle sepals, they contribute benefit for 
health as a good source of antioxidants (Kilima et al. 2014). Infection with HCRSV significantly 
decreased the anthocyanin content compared with healthy plants. These results are in accordance with 
Vega et al. (2011) they found that Grapevine leaf roll-associated virus-3 (GLRaV-3) infection in 
grapevine caused reduction in anthocyanin biosynthesis. It may be due to the ability of the virus to alter 
in fruit metabolic process. For instance, the virus altered expression of genes involved in anthocyanin 
biosynthesis pathway during ripening. These processes are key factors that affect fruit ripening and 
quality. The expression of key genes in anthocyanin biosynthesis was strongly repressed due to the 
virus infection (Kobayashi et al., 2002). Similar results were reported by El-Shazly et al. (2016) they 
found that TSWV infected tomato plants decreased the lycopene content, the pigment principally 
responsible for deep red color of ripe tomato fruits compared with healthy plants. Infection with 
HCRSV increased the content of flavonoids compared with healthy plants. Flavonoids content in roselle 
sepals was higher in infected plants than in that of healthy plants. Similar results were obtained by Al-
Zahrani et al. (2018) which they found that flavonoids content in Periwinkle plants was higher in plants 
infected with Cucumber mosaic virus than in that of healthy plants. It may be due to biotic and abiotic 
stresses lead to higher flavonoids compounds and antioxidant capacity (Michalak, 2006). Phenolic and 
flavonoid compounds are important secondary metabolites present in plants, they play an important role 
in defense mechanisms against microbial pathogens due to their antimicrobial activity (Singh et al., 
2015). 
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