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Abstract
Citrus fruit production occupies a place of considerable importance in the economy of the world including Pakistan. 
Tristeza disease caused by Citrus Tristeza Virus (CTV) exists in various forms that may or may not cause symptoms in 
the plants. The bioactive compounds and antioxidants are naturally present in plants and provide a defense mechanism 
that is generally accelerated in response to a stress. The objective of the present study was to target and analyze the 
citrus plants that were CTV positive to observe the changes in the enzymatic and non-enzymatic antioxidants of citrus 
(Sweet Oranges only). It was observed that in response to CTV infection, both the non-enzymatic antioxidants (total 
flavonoid, ascorbic acid, phenolic acid) and enzymatic antioxidants (catalase, superoxide dismutase and peroxidase) 
activities showed an increasing trend overall. The profiling of antioxidants in response to a viral infection may help in 
the discovery of new biomarkers that can be used as a monitoring tool in disease management.
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Mudanças bioquímicas em vários cultivares de laranjas doces infectadas com 
o vírus citrus tristeza

Resumo
As frutas cítricas ocupam um lugar de considerável importância na economia do Paquistão, assim como o resto do 
mundo. A doença da tristeza causada pelo Vírus da Tristeza dos Citros (CTV) existe em várias formas que podem ou 
não apresentar sintomas nas plantas. Os compostos bioativos e antioxidantes estão naturalmente presentes nas plantas 
e fornecem um mecanismo de defesa que é geralmente acelerado em resposta a um estresse. O objetivo do presente 
estudo foi analisar as alterações causadas pelo CTV nos antioxidantes enzimáticos e não enzimáticos de laranjas 
doces. Foi observado que, em resposta ao ataque de CTV, os antioxidantes não enzimáticos como flavonoides totais, 
ácido ascórbico, ácido fenólico e antioxidantes enzimáticos, como as atividades de catalase, superóxido dismutase 
e peroxidase, geralmente mostram uma tendência crescente. O perfil de antioxidantes em resposta a um ataque viral 
pode ajudar na descoberta de novos biomarcadores que podem ser usados ​​como uma ferramenta de monitoramento 
no gerenciamento de doenças.

Palavras-chave: antioxidante, citrus, CTV, enzimas, sweet oranges.

1. Introduction

Citrus is a popular fruit in many parts of the world due 
to its unique taste, flavor and numerous health assistances 
associated with them. Biological antioxidants are the main 
complexes that provide defense to the biological systems 
to combat the destructive effects of events that cause 
excessive oxidation. Plants require antioxidant compounds 
not only for pigmentation, reproduction, growth but also 
for the resistance to pathogens (Gorinstein et al., 2004).

Unlike animals, plants cannot rely on physical 
movement to escape from predators hence they synthesize 
a greater range of secondary compounds and therefore 
they adopt a chemical resistance mechanism against 

various pathogens and predators (Lattanzio et al., 2006). 
Citrus plants have both enzymatic and non-enzymatic 
antioxidant compounds that act as a scavenger to tolerate 
the damaging effect of stress conditions subjected to plants. 
Amongst the non-enzymatic scavengers are included 
many phenolic compounds, ascorbic acid, and vitamin 
E. Enzymatic scavenging activity is due to compounds 
like hydrogen peroxide, hydroxyl free radical and singlet 
oxygen (Lin et al., 2014). These antioxidants generally 
show incredible activity in response to pathogen attack 
thus play a significant role in defense mechanisms of 
plant (Das et al., 2010).
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Citrus Tristeza virus (CTV) is a member of the genus 
Closterovirus and triggers one of the deadliest pathogenic 
diseases found in citrus fruit (Djelouah and D’Onghia, 
2000). CTV causes significant damage to the citrus crop 
including poor fruit quality, yield and stem pits of the citrus 
plants (Cambra et al., 2000; Zhou et al., 2011). Aphids 
are responsible for the spread of CTV and is responsible 
for the cause of many epidemics. Major symptoms of 
Tristeza disease are yellow seedlings (CTV-SY); quick 
decline (CTV-D), stem pitting (CTV-SP). Many of these 
strains may exist in citrus or they may come together as 
complex making citrus plant decay quickly (Atta et al., 
2012). When encountered with reactive oxygen species 
(ROS), the citrus plants show defense for themselves by 
the activation of many antioxidant enzymes like superoxide 
dismutase (SOD), glutathione peroxidase (GRX), catalase 
(CAT), and glutathione reductase (GR) which inhibit the 
activity of reactive oxygen species (Elkahoui et al., 2005).

Keeping in view the importance of the antioxidants and 
their role in defense mechanism of the plants, the present 
study was focused to check CTV positive citrus plants along 
with the positive and negative controls for the changes 
caused by the virus in the enzymatic and non‑enzymatic 
antioxidants of Citrus sinensis (Sweet Oranges).

2. Materials and Methods
2.1. Sample collection

The fully developed upper leaves (8-10) and fruit 
samples (3) of 11 CTV positive commercial cultivars 
(Campbell, Casa Grande, Frost Rose, Hamlin, Hinckley, 
Jaffa Koozan Mars early, New hall, Sanguinello, Tarocco) 
of sweet oranges including healthy control were collected 
from the Citrus Research Institute of Sargodha (CRI). 
The ripeness of citrus fruits and leaves was determined on 
the basis of skin, color, and physical signs. The samples 
were kept in -80°C prior to use.

2.2. CTV confirmation
Prior to collection, a study was done on the same 

samples with a total of 100 sweet orange plants, that were 
checked for the presence or absence of CTV. The presence or 
absence of CTV was confirmed via RT-PCR. Furthermore, 
the screened CTV positive plants were recollected and 
extracted for the enzymatic and non-enzymatic assay.

2.3. Extraction procedure
Two grams of citrus leaves were crushed in 0.1 M 

phosphate buffer and 0.1% polyvinylpyrlidine (PVP) with 
the help of pestle and mortar. The slurry was centrifuged 
at 14,000 rpm for 10 minutes and then supernatant was 
used for quantitative estimation of antioxidants present 
in samples. Citrus fruits were peeled and squeezed to get 
the juice. The extraction procedure adopted for fruit juice 
was as described by Franke et al. (2004).

2.4. Qualitative analysis of healthy and infected 
cultivars

The determination of the juice percent content test is the 
primary step for the recognition of fruit quality. The juice 
content was calculated using the following formula % 

Juice = Juice weight net x 100/Fruit weight. Total soluble 
solids (Brix) are an important step in the recognition of 
fruit quality. The minerals present in juice and citric acid 
contributed to the soluble solids. The soluble solid content 
was determined by a refractometer method as described 
by Suntornsuk et al. (2002).

Citric acid, that is the core constituent of citrus fruit juice 
was determined by titration method using phenolphthalein 
as an indicator. The acid content was determined as follows: 
Amount of 0.1M Sodium Hydroxide added=”X”ml; Mililiters 
of 0.1 M sodium Hydroxide x0.064=citric acid concentration 
(g/100ml); “X” x0.064 =”Y”g/100mL citric acid.

The sugar-acid ratio was determined to measure 
the distinctive taste of citrus by applying the given 
formula: Sugar concentration =”X” Brix; Citric Acid 
Concentration= “Y” g per 100ml; Citric acid concentration =”Z’.

2.5. Non-enzymatic antioxidant assays
The total flavonoids content of the citrus varieties was 

calculated by colorimetric method. The total phenolic 
components were examined with Folin-Ciocalteu 
reagent method with slight modifications. The complex 
phosphomolybdenum method was used for the quantitative 
analysis of total ascorbic acid contents from eleven 
different citrus cultivars that were commonly used to 
show the ascorbic acid content as well as antioxidant 
activity. Total antioxidant activity of citrus cultivars was 
calculated using DPPH method (Ghafoor et  al., 2010). 
The activities were determined by the enzyme/substrate 
UV-Vis spectrophotometric analysis.

2.6. Enzymatic antioxidant assays
Methods of Doria et al. (2015) was used to estimate 

the Protein content, Catalase (CAT) activity, Superoxide 
Dismutase (SOD) activity, and Guaiacol Peroxidase 
(GPX) activity. For the determination of peroxidase and 
catalase activities, and for the calculation of total protein 
concentration, 200 mg of leaf tissue were homogenized 
with a mortar and pestle in liquid nitrogen and 1.5 mL of 
0.1 M potassium phosphate buffer, pH 7.0, centrifuged at 
12 000 g for 30 min at 4 °C and the supernatant separated 
for enzyme assays. Concentration of the total soluble protein 
of the enzyme extract was determined using bovine serum 
albumin as a standard. For the measurement of catalase 
activity (CAT), 0.2 mL of plant extract was incubated for 
1 min at 37 °C in 1 mL of reaction mixture consisting of 
65 mM hydrogen peroxide and 60 mM potassium phosphate 
buffer, pH 7.4. The reaction was stopped by adding 1 mL 
of 32.4 mM ammonium molybdate and the formation of 
the yellow-colored molybdate-peroxide complex was 
observed by spectrophotometry every 20 s for 5 min 
at 405 nm. For  measurement of Guaiacol Peroxidase 
(GPX), 10 lL of plant extract were added to the reaction 
mixture (giving a final volume of 3 mL) containing 50 mM 
phosphate buffer, 20 mM guiacol (Sigma-Aldrich) and 
40 mM H2O2 (pH 7.0; Macron). Total GPX activity was 
determined by monitoring the formation of tetraguiaicol 
from guiacol in the presence of H2O2, observed by 
spectrophotometry at 470 nm. The increase in absorbance 
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was recorded every 20 s for 5 min. For determination of 
superoxide dismutase (SOD) activity, 200 mg of plant 
tissue were homogenized in liquid nitrogen and 1.5 mL of 
50 mM potassium phosphate buffer, 1 mM EDTA and 1% 
polyvinyl pyrrolidone (PVP; pH 7.0). The homogenate was 
centrifuged at 15 000 g for 30 min and the supernatant was 
retained for the enzyme assay. The enzyme activity was 
measured using the inhibition of the nitrobluetetrazolium 
chloride reduction. The reaction mixture contained 50 mM 
potassium phosphate buffer, pH 7.8, 0.1 mM EDTA 
(Carlo Erba), 13 mM L-methionine (AppliChem), 75 lM 
NBT, 2 lM riboflavin (Acros Organics) and 0-100 lL of 
enzyme extract in a final volume of 3 mL. The reaction 
was initiated when the tubes were illuminated with 15 W 
fluorescent lamps for 10 min and stopped by switching 
off the lamps. The non-illuminated reaction mixture with 
enzyme as a blank. One unit of SOD activity was defined 
as the amount of enzyme that caused 50% inhibition of 
NBT reduction.

2.7. Statistical analysis
The data were analyzed through IBM SPSS version 

20  pro using one-way ANOVA. The significance of 
treatment means at a level of P≤0.05.

3. Results and Discussion

3.1. Qualitative assay
It is evident from Table 1 that a significant (P=0.049) 

reduction in fruit weight and size was recorded as a response 
to CTV infection when compared with the healthy samples. 
Simultaneously, the CTV infection of the samples resulted 
in a decrease in pH as compared to the healthy fruits data 
showed in Table 2. Highest decrease in pH after infection 
was recorded in fruit juice of Frost Rose cultivar, where pH 
was decreased from 4.26 to 3.96 (P=0.0459). However, in 
leaves and peels of healthy and infected fruits generally a 
decrease in pH after CTV infection was observed. The highest 
decrease in pH of leaves was recorded in Hinckley where 
pH level decreased from 4.8 to 3 and maximum change in 

pH of peel (P=0.048) was observed in the case of Hamlin 
cultivar where pH decreased from 4.0 to 2.5 (P=0.049). 
Table 3 indicated the effect of CTV infection on soluble 
solids, citric acid, and sugar-acid ratio. The total soluble 
solid ratio was decreased in the infected plants in 
comparison to the healthy plants and was also recorded 
in fruit juice of Casa Grande cultivar where it decreased 
from 12.1 Brix to 9.29 Brix (P=0.04). Citric acid content 
also showed a decline in infected cultivars. In fruit juice of 
Mars Early cultivar citric acid content was 1.9g/ml while 
in infected fruits it was 1.2g/ml (P=0.041). The decrease 
in sugar: acid ratio in infected samples was recorded in 
fruit juice of New Hall ranged from 7.9:1 to 10.1:1 and 
Casa Grande cultivar from 12.6:1 to 10.4:1.

3.2. Non-enzymatic antioxidant profiling
It is evident from the Figure 1 that CTV infection of 

citrus cultivars resulted in an increase in flavonoid content 
as compared to the healthy fruits (P=0.01). The highest 
increase was observed in flavonoid content in fruit juice 
of CTV infected plants of Campbell cultivar. In healthy 
plants the flavonoid content was 0.17 mg/g FW while 
in fruit juice of plants infected with CTV the value was 
3.69 mg/g FW However, in leaves and peels of healthy 
and infected fruits generally increase flavonoid content 
was observed after CTV infection. The highest increase 
of flavonoid content in leaves was recorded in the New 
Hall and the maximum change in flavonoid content of peel 
was observed in the case of Hamlin cultivar.

It is evident from the Figure 2 that CTV infection of 
citrus cultivars resulted in an increase in Phenolic content 
as compared to the healthy fruits. The increase in phenolic 
content was observed in fruit juice of New Hall cultivar 
positive for CTV with a value of 31mg/ml to 82 mg/ml. 
However, in leaves and peels of healthy and infected 
fruits, generally increased phenolic content was observed 
after CTV infection. The highest increase in leaves was 
recorded in Taracco cultivar and maximum change in 
the phenolic content of peel was observed in the case of 
Mars Early cultivar.

Table 1. Effect of CTV infection on fruit weight and Fruit size of different citrus cultivars.

Sr.
No. Citrus cultivars

Fruit weight
(g ± S.E)

Fruit size
(cm ± S.E)

Healthy fruit Infected fruit Healthy Infected
1. Campbell 255 ± 0.5 239 ± 0.1 46.2 ± 1.0 45.1 ± 0.1
2. Casa Grande 205 ± 0.1 197 ± 0.1 44 ± 1.5 42 ± 0.1
3. Frost Rose 168 ± 0.1 174 ± 0.5 36 ± 0.2 34 ± 0.5
4. Hamlin 176 ± 0.2 169 ± 0.5 36 ± 0.5 35 ± 0.2
5. Hinckley 145 ± 0.1 134 ± 0.5 30 ± 0.5 29 ± 0.5
6. Jaffa 170± 0.5 162 ± 0.1 50 ± 0.1 47 ± 0.1
7. Koozan 169 ± 1.0 155 ± 0.1 36 ± 1.0 34.7 ± 0.1
8. Mars early 230 ± 0.1 210 ± 1.0 43 ± 1.0 41 ± 1.0
9. New hall 240 ± 0.5 200 ± 1.0 44 ± 0.5 42.3 ± 1.0
10. Sanguinello 165 ± 0.5 150 ± 1.5 34 ± 1.0 31 ± 0.5
11. Tarocco 182 ± 1.0 179 ± 0.05 52 ± 0.1 50 ±0.05



Biochemical changes in response to CTV infection

Braz. J. Biol., 2019 , vol. 79, no. 4, pp. 742-748 745/748   745

It is evident from the Figure 3 that CTV infection of 
citrus cultivars resulted in an increase in ascorbic acid 
content as compared to the healthy fruits. Highest increase 
in ascorbic acid content after infection was recorded in 

fruit juice of New Hall cultivar where flavonoid content 
changed from 4.9 mg/ml to 7.6 mg/ml. However, in 
leaves and peels of healthy and infected fruits, generally 
an increased phenolic content was observed after CTV 
infection. The highest increase in leaves was recorded 
in Taracco and maximum change in the phenolic content 
of peel was observed in the case of Sanginello cultivar.

Similarly, the Figure 4 showed that CTV infection of 
citrus cultivars resulted in an increase in antioxidant content 
as compared to the healthy fruits. The highest increase in 
antioxidant content after infection was recorded in fruit juice 
of Campbell cultivar where antioxidant content increased 
from 4.9% to 7.6%. However, in leaves and peels of healthy 
and infected fruits, generally an increased phenolic content 
was observed after CTV infection. The highest increase in 
leaves was recorded in Mars Early and maximum change 
in the antioxidant content of peel was observed in the case 
of Case Grande cultivar.

Table 2. Effect of CTV infection on pH of citrus fruits, leaves, and peels.

Sr.  
No. Citrus cultivars

pH of samples
Mean± S.E

Healthy 
Fruits

Infected 
fruits

Healthy 
leaves

Infected 
leaves

Healthy
fruit peel

Infected 
fruit peels

1. Campbell 4.59±1.0 4.3±1.6 6.2±1.0 5.3±1.0 5.5±0.1 5.1±1.0
2. Casa Grande 4.86± 1.0 4.78± 0.7 5.6±1.0 4.0±1.0 5.0±0.1 4.5±1.0
3. Frost Rose 4.26± 1.0 3.96± 1.4 4.1±0.1 3.6±1.0 3.5±0.1 3.0±0.1
4. Hamlin 4.44± 0.1 4.36± 0.8 5.8±0.1 6.7±0.1 4.0±0.5 2.5±0.6
5. Hinckley 4.49± 1.1 4.46± 0.9 4.8±0.1 3.0±0.1 5.1±0.8 4.9±0.7
6. Jaffa 4.36± 0.05 4.30± 1.0 5.9±0.1 5.3±0.1 4.8±0.9 4.0±0.5
7. Koozan 4.48± 0.1 4.40± 0.9 4.7±0.9 3.9±0.9 5.0±1.0 3.8±0.1
8. Mars early 3.92± 1.0 3.94± 1.2 5.7± 1.0 4.5±0.5 4.4±1.0 4.3±0.1
9. New hall 4.62± 1.0 4.52± 0.1 6.0±1.0 5.2±0.8 6.0±0.5 5.4±1.0
10. Sanguinello 4.4± 1.0 4.38± 1.0 6.5±0.5 6.6±0.1 5.9±0.7 5.0±1.0
11. Tarocco 4.98± 0.01 4.81± 1.0 5.6±0.8 5.1±1.1 4.9±0.1 4.2±1.0

Table 3. Comparison of total soluble solids, citric acid content, and sugar: acid ratio of healthy and CTV infected citrus fruits.

Sr.
No Citrus cultivars

Total soluble solids 
(Brix)

Mean± S.E

Citric acid content g/ml
Mean± S.E Sugar acid ratio:1

Healthy Infected Healthy infected Healthy Infected
1. Campbell 11.0± 0.1 9.69± 0.1 1.04 ± 0.1 1.0 ±0.1 10.6: 1 9.69: 1
2. Casa Grande 12.1± 0.1 9.29± 0.1 0.96 ±0.5 0.89 ± 0.1 12.6:1 10.4:1
3. Frost Rose 10.2± 0.4 9.18± 1.0 1.07 ±1.1 1.0 ± 0.5 9.8:1 9.5: 1
4. Hamlin 11.9± 0.9 10.9± 1.0 1.08 ±0.5 0.99 ±1.0 11: 1 10: 1
5. Hinckley 7.8± 1.0 6.5± 0.8 1.05 ±1.0 0.98 ±1.0 7.4: 1 6.6: 1
6. Jaffa 16± 1.0 14± 0.9 1.5 ± 1.0 1.1 ± 1.5 10.6: 1 12.7: 1
7. Koozan 9.9± 1.0 9.1± 1.0 1.2 ±1.0 1.0 ± 0.5 8.25: 1 9.1: 1
8. Mars early 8.5± 0.05 7.1± 1.2 1.9 ±0.1 1.2 ± 1.0 4.47: 1 5.9: 1
9. New hall 18.1± 0.05 15.6± 1.3 1.3 ±0.1 1.1 ± 0.1 13.9: 1 14.1:1
10. Sanguinello 11.1± 0.1 10.1± 1.1 1.4 ±0.5 1.0 ± 0.1 7.9: 1 10.1: 1
11. Tarocco 7.7 ± 1.0 6.5± 0.1 1.3 ±0.3 1.2 ± 0.9 5.9: 1 5.4: 1

Figure 1. Effect of Citrus Tristeza virus infection on Total 
flavonoid content of different citrus fruits.
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3.3. Enzymatic antioxidant profiling
The activity of CAT (Figure  5) was observed and 

compared in the infected and healthy samples. The highest 
increase was observed in catalase activity after infection 
was recorded in fruit juice of Mars Early cultivar where 
catalase activity was 49.9 u/ml/min to 58.9 u/ml/min in 
healthy and infected plants respectively. However, in 
leaves and peels of healthy and infected fruits generally 
an increase catalase activity was observed in CTV infected 
plants. The highest increase in leaves was recorded in Frost 
Rose and maximum change in catalase activity of peel was 
observed in the case of Mars Early cultivar.

The activity of SOD (Figure 6) resulted in a significant 
increase in superoxide dismutase activity as compared to the 
healthy fruits (P=0.048). The highest increase in superoxide 
dismutase activity after infection was recorded in fruit 
juice of New Hall cultivar where superoxide dismutase 

activity increased from 49.9 u/ml/min to 58.9 u/ml/min. 
However, in leaves and peels of healthy and infected 
fruits generally an increased superoxide dismutase activity 
was observed after CTV infection. The highest change in 
superoxide dismutase activity of peel was observed in the 
case of Hinckley cultivar.

It was evident from the Figure 7 that CTV infection of 
citrus cultivars resulted in an increase in peroxidase activity 
as compared to the healthy fruits. The highest increase in 
peroxidase activity after infection was recorded in fruit juice 
of Hinckley cultivar where peroxidase activity increased 
from 49.9 to 58.9. However, in leaves and peels of healthy 
and infected fruits generally an increased peroxidase activity 
was observed after CTV infection. The highest increase 
in leaves was recorded in Casa Grande and maximum 
change in peroxidase activity of peel was observed in the 
case of New Hall cultivar.

Figure 2. Effect of Citrus Tristeza virus infection on Total 
Phenolic content of different citrus fruits.

Figure 3. Effect of Citrus Tristeza virus infection on 
Ascorbic acid content of different citrus fruits.

Figure 4. Effect of Citrus Tristeza virus infection on 
antioxidant activity of different citrus fruits.

Figure 5. Effect of Citrus Tristeza virus infection on catalase 
activity of different citrus fruits.

Figure 6. Effect of Citrus Tristeza virus infection on 
superoxide dismutase activity of different citrus fruits.

Figure 7. Effect of Citrus Tristeza virus infection on 
Peroxidase activity of different citrus fruits.
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4. Discussion

Flavonoids are secondary metabolites and their production 
increased in response to the entry of pathogens in citrus 
fruits (Suntornsuk et al., 2002). The phenolic, flavonoids 
and vitamin C act as antioxidant and during infection their 
amount increased and engulf the reactive oxygen species. 
Therefore, in infected cultivars the concentration of phenolic 
raised as compared to the healthy ones (Lee et al., 2003). 
However the deviation from this general trend was also 
recorded in some cultivars. e.g the general increase of 
flavonoid content for the majority of cultivars with the 
exception of Mars Early This may be due to the changes in 
biochemical pathways in response to disease. Like the other 
pathogens, during viral infection have also been reported to 
cause changes in antioxidants (Baker and Orlandi, 2005). 
Hence the results of the present work are in line with these 
earlier findings. These enzymes have been considered as 
important biomarkers in understanding the disease tolerance 
(Mittler et al., 2004). In earlier studies it has been reported 
that increase in SOD activity of citrus fruit can be correlated 
with resistance to CTV virus (Garcia‑Limones et al., 2002). 
These findings are in accordance with the work of Ashry 
and Mohamed, (2011) who also reported higher peroxidase 
activities in peels as compared to fruits. It is evident from 
the results of the present work that the percentage of juice 
in the citrus fruits decreased after the disease infection. 
This symptom may be due to the fact that CTV virus sucks 
the sap from the phloem and in result the concentration 
of juice in citrus fruits decreased after the viral attack 
(Anagnostopoulou et al., 2006).

5. Conclusion

Citrus cultivars occupy a great importance in the food 
industry all around the globe. They contain plenty of bioactive 
compounds like flavonoids, phenolic, catalase, peroxidase 
and superoxide dismutase that act as an antioxidant in 
response to CTV. Hence the result of the present work 
indicated a general increase in both enzymatic as well as 
non-enzymatic antioxidants in response to CTV infection. 
So, these may be important biomarkers in response to CTV 
infection. However further investigations are required 
to find out the possible mechanism of disease tolerance 
of citrus plants. The antioxidant profiling in response 
to a viral infection may help in the discovery of new 
biomarkers that can be used as a monitoring tool during 
disease management.
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