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Aloe vera (L.) Burm. f., an important medicinal plant suffers with a huge loss in its yield due to the attack of
number of fungal pathogens. The aim of the present study was to analyze the biochemical changes in A. vera
infected by Fusarium proliferatum (Matsushima) Nirenberg causing leaf spot disease in plant. Artificially infested
leaves were examined to study the effect of fungal pathogen on chlorophyll-a, chlorophyll-b, total chlorophyll,
total soluble sugar, total phenols, total anthraquinones, total flavanoids and vitamin E. Results showed a sig-
nificant decrease in the contents of chlorophyll-a, chlorophyll-b, total chlorophyll and total soluble sugar in

infested leaves as compared to control leaves. Whereas, total phenolics, total anthraquinones, total flavonoid and
vitamin E contents were significantly increased in infested leaves as compared to control. Changes in the con-
centration of biochemical were directly associated with the adverse effect of pathogen during the progression of

infection on A. vera leaves.

1. Introduction

Aloe vera (L.) Burm. f. is a succulent, evergreen, popular ornamental
plant grown all around the world. It is considered as an ancient herb
known from centuries for its vast role in Ayurveda, Unani, Siddha and
Indian system of Medicine. Four species namely, Aloe forbesii, A. inermis,
A. ferox and A. barbadensis are reported to occur in many parts of India
in which, A. barbadensis (A. vera) is the most widely cultivated species
grown mainly in Rajasthan, Andhra Pradesh, Gujarat and some parts of
Tamil Nadu, Madhya Pradesh and Maharashtra (Maiti and Chandra,
2002). Various bioactive compounds having different pharmacological
properties are found both in the gel as well as latex of the leaves. Its gel
has antimicrobial properties and can be used as the treatment for
cough, ulcers, muscle pain, headaches, constipation, pain relief and also
curative agent for heart problems. Externally, fresh aloe gel has a very
good effect in acne, pimples, eczema, burns and in the treatment of
radiation dermatitis. The bitter latex has been used as laxative and to
increase intestinal peristalsis (Ishii et al., 1994; Boudreau and Beland,
2006).

Being a medicinal plant, A. vera is prone to attack by many fungi
(Harsh et al., 1990; Dubey and Pandey, 2009; Majumdar et al., 2007),
bacteria (Jin et al., 1994) and nematodes (Esser et al., 1986). Amongst
all, fungi are considered to be one the most destructive enemy of the
plant, which diminishes the quality and quantity of gel. The phyto-

pathogenic fungi are the chief infectious agents causing alterations in
morphological characters as well as production of several secondary
metabolites of the host plant.

A number of fungal pathogens are found to be associated with leaf
spot disease of A. vera. Pritam and Kale (2007) noticed that infection of
Alternaria alternata decreased phenols and flavonoids contents in A. vera
gel and also diminished the antioxidant potential of the gel. Fusarium
proliferatum, a broadly distributed fungal pathogen, can cause de-
structive diseases to an extremely wide range of hosts viz. Allium sa-
tivum (Seefelder et al., 2002), Glycine max (Chang et al., 2015), Zea
mays (Peltomaa et al., 2016), Solanum lycopersicum (Gao et al., 2016)
and Aloe vera (Avasthi et al., 2018). In addition, F. proliferatum has been
reported to produce mycotoxins like fusaric acid, fumonisin, fusapro-
liferin and moniliformin that pose a serious threat to food safety and
human health (Rheeder et al., 2002; Palmero et al., 2012; Isack et al.,
2014; Gil-Serna et al., 2016). Fungal pathogens seek to manipulate the
metabolism of plant for their requirement and cause an increased de-
mand for assimilation in the plant (Swarbrick et al., 2006). Therefore,
the aim of this study was to investigate the changes in various bio-
chemical constituents of A. vera infected by Fusarium proliferatum
(Matsushima) Nirenberg.
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2. Material and methods
2.1. Plant material

Healthy plants of A. vera were collected from the different nurseries
of Gwalior city. Plant specimens were identified by Dr. Ashok Kumar
Jain, Director, Center for Ethanobotany, Jiwaji University, Gwalior,
Madhya Pradesh, India. The leaves of A. vera plants were surface ster-
ilized with 1% sodium hypochlorite (NaOCl) solution, grown in ster-
ilized earthen pots, filled with soil and compost (Farm Yard Manure
FYM) 3:1 ratio and maintained under greenhouse conditions until they
were reached at nine months old.

2.2. Fungal strain and inoculation experiment

Fusarium proliferatum was isolated from the diseased leaves of A.
vera collected during the survey of various nurseries and botanical
gardens of Gwalior city in 2013, purified by single spore technique and
maintained on PDA. Identification of fungi was confirmed by Fungal
Culture Collection of India (NFCCI), Pune, Maharashtra (# NFCCI
Accession No. 3640). Nine plants for each treatment and control were
maintained and each earthen pot contained a single A. vera plant. Six
healthy leaves of plant were surface sterilized with 1% sodium hypo-
chlorite (NaOCl) solution. Gentle pricks were made by sterilized nee-
dles and sprayed with conidial suspension (1 x 10” ml) of F. pro-
liferatum. Leaves sprayed with sterile distilled water were taken as
control. The inoculated plants along with their healthy controls were
then covered with moisten polythene bags to maintain high relative
humidity (RH) for 24 to 48 h. After inoculation, plants were kept in
greenhouse with a minimum and maximum temperature of 22 °C and
28 °C while, relative humidity was fluctuated between 83% and 92%
during experimentation. After the development of symptoms in plants,
leaves were harvested on 16" day and 32™ day of infestation for fur-
ther analysis.

2.3. Evaluation of leaf characteristics

To determine the effect of F. proliferatum on leaf characteristics,
physical texture of leaves (color, shape, length and width) and color
and consistency of gel was examined. The changes in shape and color of
infested leaves were examined on visual basis while length and width
by using cm scale. The outer green rind of infested leaves was peeled
off, color and consistency of the gel was examined and compared with
control. The infested and control leaves harvested on 16" and 32"¢ day
were weighed out and compared to study the effect of fungal infestation
on fresh weight.

2.4. Biochemical analysis

For biochemical analysis, A. vera leaves were harvested at two in-
tervals i.e. on 16™ and 32" day after infestation. Three set of replicates
for each treatment and control was harvested and each set having three
plants. The harvested leaves were then cleaned with sterilized distilled
water and blot dried in the folds of sterilized blotting paper. Leaves
were cut into small pieces and dried in hot air oven at 48-50 °C. The
dried leaves were grinded to fine powder and stored at room tem-
perature in airtight containers. The powdered leaf samples were sub-
jected to various sample preparation for biochemical estimations. All
the experiments were carried out in triplicates.

2.4.1. Estimation of total soluble sugar

Total soluble sugar content was determined by phenol sulphuric
acid method (Dubois et al., 1951). 100 mg oven dried powdered sample
of each infested and control leaves was homogenized with 80% ethanol.
Then each sample was centrifuged at 2000 rpm for 20 min, collected
supernatant was evaporated to dryness and dissolved in 10ml of
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distilled water. 1.0 ml aliquot from the sample was taken and 1 ml of
5% phenol reagent was added and mixed. Then 5.0 ml of 96% sulphuric
acid was added rapidly. Each tube was gently shaked during the addi-
tion of acid and tubes were allowed to stand in a water bath at 26-30 °C
for 20 min. Reagent blank was prepared similarly. Absorbance of the
characteristic orange color was measured at 490 nm against blank using
spectrophotometer (Systronics Pvt. Ltd, Model no. 639). Concentration
of total soluble sugar was calculated using a standard curve of glucose
and results were expressed in mg/g dry weight.

2.4.2. Estimation of total flavonoid

Total flavonoid content was determined by the aluminium chloride
method (Dewanto et al., 2002). 250 mg of powdered sample was sus-
pended in 10 ml of 80% methanol for 24 h at room temperature fol-
lowed by centrifugation at 3000 rpm for 20 min. In 1.0 ml of super-
natant, 0.3 ml of 5% NaNO, solution was added and left undisturbed for
3 min. After 3 min 0.3 ml of 10% AlCl; was added and was left solution
undisturbed for 2 min. Then, 2ml of 1.0 M NaOH was added and the
final volume of mixture was brought to 10 ml with distilled water.
Optical density of the yellowish brown color was read at 510 nm. Total
flavonoid content was calculated from the calibration curve prepared
from the quercetin and the results were expressed in mg/g dry weight.

2.4.3. Estimation of total phenolic content

Total phenolic content was assessed using Folin- Ciocalteau’s re-
agent method (Mahadevan and Sridhar, 1982). 250 mg sample was
suspended in 10 ml of 80% ethanol for 24 h at room temperature fol-
lowed by centrifugation at 5000 rpm for 20 min. The supernatant was
evaporated to dryness and residue was re-dissolved in 10 ml of distilled
water. 500 pul of aliquot was taken in test tubes and 500 pl of folin-
ciocalteau’s reagent was added followed by the addition of 2 ml of 20%
Na,CO;3 solution. Test tubes were placed in boiling water bath for
1-2min and ice cooled immediately. Absorbance of the characteristic
blue color was measured at 650 nm against. Concentration of total
phenols was expressed from a standard curve prepared from tannic acid
and the results were expressed in mg/g dry weight.

2.4.4. Estimation of total anthraquinone

Total anthraquinone was evaluated by the following procedure of
Sakulpanich and Gritsanapan (2008). 2.0 g of sample was extracted
with 200 ml of 70% ethanol in a soxhlet apparatus. The pooled extract
was then evaporated to dryness on water bath. 1.0 g dried extract was
dissolved in 15ml of distilled water and mixed. The mixture was re-
fluxed on water bath for 15 min followed by centrifugation at 4000 rpm
for 10 min. Then 10 ml of the supernatant was transferred to another
flask. To this 20 ml solution of 10.5% ferric chloride hexahydrated was
added and refluxed on boiling water bath for 20 min. 1.0 ml of con-
centrated HCl was added and the mixture was again refluxed for an-
other 20 min, with frequent shaking. The mixture was cooled and ex-
tracted with 15ml of diethyl ether thrice a time. The diethyl ether
extract was combined and washed with 15ml distilled water twice.
25 ml of the diethyl ether extract was then evaporated to dryness. The
residue was dissolved in 10 ml of 0.5% magnesium acetate in methanol,
which yielded red coloration in the solution. The absorbance of solution
was read with the spectrophotometer at 515 nm. Concentration of an-
thraquinones was calculated using chrysophanic acid as standard and
expressed in mg/g dry weight.

2.4.5. Estimation of vitamin E

Vitamin E content was determined according to method of Bieri
et al. (1964). 500 mg sample was extracted with 200 ml of petroleum
ether in soxhlet apparatus until it was exhausted. The extract was
evaporated to dryness at 45-48 °C and dissolved in 5ml of ethanol.
1.0 ml aliquot was taken in tubes and then added 1.0 ml of 2% alcoholic
solution of 2-2’ bipyridyl. 500 ul of 1% of ethanolic ferric cholor-
idehexanhydrate solution was added into tubes and was mixed well.
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Test tubes were immediately kept in a dark place for 15 min at room
temperature. The red color developed after 15 min and absorbance of
the resultant solution was measured at 520 nm. Concentration of vi-
tamin E was calculated from standard curve prepared from a-toco-
pherol and the results were expressed in mg/g dry weight.

2.4.6. Chlorophyll estimation

The amount of chlorophyll was quantified by the standard method
as proposed by Arnon (1949). 100 mg of freshly harvested leaves were
homogenized in 80% acetone. This was followed by centrifugation at
3000 rpm for 5min. The volume was then made up to 5ml with 80%
acetone. Thereafter, optical density of Chlorophyll-a and Chlorophyll-b
were recorded at 645 and 663 nm, respectively. Chlorophyll content
was calculated using formula:

Chlorophyll ‘a’ (mg g_lfrwt) = (0.0127 X Agg3) — (0.00269 X A ¢45)

(€8]
Chlorophyll b’ (mg g~ frwt) = (0.0229 X Agss) — (0.00468 X Aggs)
2)
Total Chlorophyll (mg g~ 'frwt) = (0.0202 X Agss) + (0.00802 X Aggs)
3

2.5. Statistical analysis

Concentration of chlorophyll was expressed in mg/g fresh weight of
leaves while the other biochemical contents were expressed in mg/g on
dry weight basis. Data obtained after analyses of each leaf character-
istics and biochemical estimations were analyzed with the help of stu-
dent t-test for the comparison with control.

3. Results and discussion
3.1. Disease symptomatology

In greenhouse experiment, inoculated plants showed initiation of
leaf spot symptoms after fifth day of infestation. Initially symptoms
were marked by small circular spots with water soaked margins. As the
infection progressed spots became large, sunken, brown black in color.
Later, spots were enlarged in size and aggregated to form lesions of
about 1.9 x 1.6cm in diameter. At the maturity, dark brown-black
sporulation was observed on the center of the spots. Recurrence of the
fungus from the infested leaves of A. vera was compared with the ori-
ginal culture of F. proliferatum (Fig. 1).

3.2. Changes in leaf characteristics

Results exhibited that fungal infestation also affects the quality and
texture of gel as compared to control leaves. Infested leaves were light
green in color, dried with twisted/distorted margins which led to de-
cline in length and width, while, healthy leaves were dark green color,

‘}lTKOL

Fig. 1. Effect of fungal infection on growth of Aloe vera.
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thick and fleshy. Gel of infested leaf was mushy and light creamish in
color whereas, in control leaves, it was clear, viscous and transparent
(Fig. 2). The leaf length in infested and control leaves was
30.20 * 1.0cm and 30.83 = 0.8; 30.68 * 0.99 and 30.83 = 0.8
after 16 and 32 days. Similarly, the variation in width was observed as
3.19 = 0.10 and 3.27 = 0.10; 3.06 = 0.06 and 3.15 = 1.02 in
control and infested leaves. The weight of infested leaves was
21.23 = 1.18g and 39.20 = 1.22 g whereas, it was 26.03 = 1.19g
and 50.21 + 1.21 gin control leaves after 16 and 32 days of infestation
(Table 1).

3.3. Biochemical changes

The present investigation revealed highly significant difference in
the concentration of certain biochemicals in artificially infested A. vera
leaves due to infection of F. proliferatum after 16 and 32 days. The
significance was evaluated as marginally significant (p < 0.10), sig-
nificant (p < 0.05) and highly significant (p < 0.01).

3.3.1. Total soluble sugar content

Results clearly indicated that total soluble sugar content decreased
significantly in diseased A. vera plants as compared to control. In
healthy leaves, the concentration of total soluble sugar was
38.78 = 0.89mg/g and 46.80 + 0.83 mg/g while in infested leaves it
reduced to 35.55 *+ 0.85mg/g and 41.51 + 0.90 mg/g after 16 and
32days of infestation (Table 2). The reduction in sugars during disease
development might be due to utilization of sugars probably for energy
and synthetic reactions involved in multiplication of the pathogen
(Nema, 1989). Similar findings have been reported in number of plants
i.e. Moringa fruit infected by Rhizopus stolonifer (Zoadur et al., 2001),
Brassica compestris leaves infected by Alternaria brassicae (Neeraj, 2010),
date palm fruit infected with Fusarium moniliforme (Alkahtani et al.,
2011), soyabean plant infected by Phakopsora pachyrhizi (Mengane and
Kamble, 2012), palmarosa and lemongrass infected by Puccinia naka-
nishikii (Tamuli et al., 2013) and in onion bulb by Colletotrichum
gloeosporioides (Alberto, 2014).

3.3.2. Flavonoid content

With the progression of disease a significant gradual increase in
total flavonoid content was observed in infected plants as compare
control. Concentration of total flavonoid in infested leaves was
8.45 + 0.15mg/g and 14.40 + 0.16 mg/g, whereas, in control leaves,
itwas 6.60 = 0.15mg/g and 10.41 = 0.15mg/g after 16 and 32 days
of infestation (Table 2). Flavonoid contents have been found increase in
infected tissue, followed by stress in plants and also in response to
pathogen attack (Vidyasagar and Kotresha, 2003). Similar trend of in-
creased concentration of flavonoid has also been reported in leaves of
Terminalia arjuna, T. bellirica, T. chebula, T. paniculata and T. tomentosa
infected with Phoma herbarum, Colletotrichum dematium, Macrophomina
phaseolina and Pestalotiopsis versicolor (Shivanna and
Mallikarjunaswamy, 2009) and in leaves of rice infected with Pyr-
icularia oryzae (Flora and Rani, 2013).

3.3.3. Total phenolic and total anthraquinone content

The total phenolic and anthraquinone content was found sig-
nificantly increased in infected leaves as compared to control. Total
phenol content in infested and control leaves was 10.53 + 0.15mg/g
and 15.66 = 0.14mg/g; 8.83 + 0.17mg/g and 11.69 + 0.16mg/g
after 16 and 32 days. Concentration of anthraquinone in infested leaves
was 0.075 * 0.01 mg/g and 0.094 = 0.01 mg/g, however, in control
it was 0.069 *+ 0.01 mg/g and 0.079 * 0.01 mg/g (Table 2). Higher
accumulation of phenolic compounds in infected host tissues may be
due to their release from glycoside esters by the enzymatic activity of
host or pathogen (Noveroske et al., 1964), enhanced synthesis by host
through the shikimic acid pathway (Neish, 1964) or due to migration of
phenols from non-infected tissues (Farkas and Kiraly, 1962). Increased
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Control

Infested

Fig. 2. Effect of fungal infestation on leaf characteristics: A) harvested leaves; B) appearance of gel (control); C) infested after 32 days of infestation.

Table 1

Effect of Fusarium proliferatum on the leaf characteristics of Aloe vera.
Leaf characteristics After 16 Days After 32 Days

Control Infested Control Infested
Leaf color light green dark green light green dark green
Texture/ shape thick and fleshy dried with twisted thick and fleshy dried with twisted/
margins distorted margins

Leaf length (cm) 30.68 * 0.99 30.20 = 1.0° 32.74 = 0.9 30.83 + 0.8~
Leaf width (cm) 3.19 = 0.10 3.06 + 0.06" 3.27 = 0.10 3.15 + 1.02°
Gel color light creamish clear light creamish clear
Gel consistency mushy viscous and transparent mushy viscous and transparent
Leaf fresh weight (g) 26.03 + 1.19 21.23 + 1.18"" 50.21 + 1.21 39.20 + 1.22°"

Mean =+ standard deviation of six replicates.
* Marginally significant (p < 0.10).
** Significant (p < 0.05).
*** Highly significant (p < 0.01).

Table 2

Effect of Fusarium proliferatum on the phytochemical attributes of Aloe vera.
Phytochemicals After 16 Days After 32 Days

Control Infested Control Infested

Total soluble sugar (mg g~ ! dr wt) 38.78 + 0.89 35.55 + 0.85 46.80 + 0.83 4151 + 0.90°
Total flavonoids (mg g~ dr wt) 6.60 + 0.15 8.45 + 0.15 10.41 = 0.15 14.40 * 0.16
Total phenols (mg g~ dr wt) 8.83 + 0.17 10.53 = 0.15 11.69 * 0.16 15.66 + 0.14
Total anthraquinones (mg g~ ! dr wt) 0.069 + 0.01 0.075 * 0.01 0.079 + 0.01 0.094 + 0.01
Vitamin E (mg g~ ' dr wt) 50.11 + 0.87 57.11 + 0.87 60.0 + 0.81 73.78 + 0.89"
Chlorophyll-a (mg g~ fr wt) 0.0369 + 0.01 0.0280 + 0.01 0.0442 + 0.01 0.0218 + 0.01
Chlorophyll-b (mg g~ fr wt) 0.0233 + 0.01 0.0176 * 0.01 0.0270 + 0.01 0.0132 + 0.01°
Total chlorophyll (mg g~ fr wt) 0.0623 + 0.01 0.0508 + 0.01 0.0716 * 0.01 0.0382 = 0.01 "

Mean *+ standard deviation of three replicates.
* Marginally significant (p < 0.10).
** Significant (p < 0.05).
*=* Highly significant (p < 0.01).
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concentration of phenol was also found in other plant hosts like sor-
ghum seeds infected with Fusarium moniliforme (Saravanan et al., 2002),
taro plant infected by Phytophthora colocasiae (Misra et al., 2008); Cu-
cumi ssativus infected by Penicillium notatum (Senthil et al., 2010);
rapseed mustard leaves infected by Alternaria brassicae (Mathpal et al.,
2011), in leaves of Curcuma longa infected by Colletotrichum gloeospor-
ioides (Chawda et al., 2012) in leaves of Centella asiatica infected by
Cercospora centallae (Parashurama et al., 2013) and in French green
bean pod infected by Colletotrichum lindemuthianum (Petkovsek et al.,
2014).

3.3.4. Vitamin E

Results showed significant increase in vitamin E content in infected
leaves as compared to control. Concentration of vitamin E was
57.11 = 0.87mg/g and 73.78 * 0.89mg/g in infested leaves how-
ever, 50.11 * 0.87mg/g and 60.0 = 0.81 mg/g was recorded in
control leaves after 16 and 32 days (Table 2). Alkahtani et al. (2011)
suggested that vitamin E is fat soluble, so increase in vitamin E con-
centration might be due to degradation of fat which, in turn, may be
different lipase enzymes produced by fungi. Infection of Fusarium
moniliforme increased the concentration of vitamin E in date palms
fruits (Alkahtani et al., 2011).

3.3.5. Chlorophyll content

A gradual reduction in green pigments like chlorophyll- a, b and
total chlorophyll contents was observed at different period of patho-
genesis in infested leaves as compared to control. Chlorophyll-content
was found to decrease in infected leaves viz. 0.0280 = 0.01 mg/g and
0.0218 *+ 0.01 mg/g, whereas, in control leaves it was
0.0369 * 0.01 mg/g and 0.0442 + 0.01 mg/g after 16and 32 days of
infestation. Concentration of chlorophyll-b in infested and control
leaves was 0.0176 = 0.01mg/g and 0.0132 = 0.01 mg/g;
0.0233 = 0.01 mg/g and 0.0270 + 0.01 mg/g, respectively at both
the intervals. Similarly, 0.0508 + 0.01 mg/g and 0.0382 = 0.01 mg/g
total chlorophyll content was recorded in infested leaves however, in
control leaves it was 0.0623 * 0.01 mg/g and 0.0716 + 0.01 mg/g
(Table2). However, decrease in total chlorophyll content was more
pronounced at both the intervals of infection. Decrease in photosynth-
esis could be attributed to the toxic effect of its metabolites on chlor-
oplasts (Peru and Main, 1970; Chen et al., 2005), which might be due to
decrease in the rate of electron transport in non-cyclic photopho-
sphorylation (Dai et al., 2004). Similar decreasing trend was also no-
ticed in sorghum leaves infected by Drechslera sorghicola (Khan et al.,
2001); faba beans infected with Fusarium moniliforme (Elwakil et al.,
2009), Mentha arvensis infected with Sclerotinia sclerotiorum (Perveen
et al., 2010), Withania somnifera infected with Alternaria alternata (Pati
et al.,, 2008; Sharma et al., 2011), and in leaves of mangrove plant
(Avicennia marina) infected by Alternaria alternata (Algarawi et al.,
2013).

4. Conclusions

Aloe vera is a highly valuable medicinal plant whose pharmaceuti-
cally important constituents are declined by leaf spot diseases. It may
be concluded from the present findings that infection of Fusarium pro-
liferatum not only declines the quality and texture of mucilaginous gel
but significantly modifies the concentration of biochemical constituents
also, which results into quantitative loss of gel. Control of the fungal
diseases by applying appropriate management strategies is the im-
portant thrust to protect the plant of an enormous medicinal and cos-
metic value.
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