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Abstract 

Litchi chinensis Sonn. is an important component of the Indian fruit basket. Its production is severely affected by the Aceria 

litchii mite, which induces formation of blister like galls on the leaves. GC-MS analysis of the methanolic extracts of the 

normal and galled leaves was carried out to study the alterations in the volatile chemical compounds in the leaf galls as a result 

of Aceria mite infestation. It was found that the leaves were rich in sugars, sesquiterpenes, terpenes, linoleic acid esters, 

vitamins, antioxidants, glycerol and steroids. Amount of Alpha methyl mannofuranoside reduced in the galled leaves to 

60.82% from 72.49% in the normal leaves. Amount of Vitamin E reduced from 1.80% in normal leaves to 0.40% in galled 

leaves. Caryophellene increased in galled leaves (2.04%) when compared to normal leaves (0.38%). Betulinaldehyde 

and.gamma.-Sitosterol were absent in galled leaves but present in normal leaves (4.95% and 2.12% respectively). Lupeol and 

beta-Longipinene were present only in galled leaf (1.98% and 4.54% respectively) and absent in the normal leaf. The results 

obtained from this study show that the metabolic processes of the leaf cells have been altered by the Aceria mite, leading to 

changes in the chemical composition of the leaves. This study will help to elucidate the mechanism of gall formation and plant 

defence in Litchi, further. 
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Introduction 

Litchi chinensis Sonn, a member of family Sapindaceae, is 

native to Southeast Asia. India ranks second in Litchi 

production, China being the first. The Asian countries 

leading in Litchi production are China, India, Thailand and 

Vietnam [1]. In US maximum production comes from 

Florida followed by Hawaii and California [2]. In India it is 

mainly cultivated in Bihar, West Bengal, Uttar Pradesh, 

Uttarakhand, Jharkhand, Assam, Tripura & Punjab. The 

litchi tree is dense, round topped, evergreen tree having 

elliptical oblong, pointed leaves [3]. Litchi plant is cultivated 

for its juicy and fleshy fruits. These fruits are eaten directly 

or used in various industries for preparation of juices, jellies 

and squashes [4]. Among the pests affecting litchi production 

across the globe, the mite Aceria litchii (Keifer) (Acari: 

Eriophyidae) has been reported to be a serious one. The 

nymphs as well as adults of Aceria damage the leaves, 

inflorescence and developing fruits while puncturing them 

with their rostrum to suck the cell sap. The mite infestation 

leads to formation of blister like galls on the upper surface 

of leaves. The undersurface of the leaves shows growth of 

hair like structures which are initially white in colour but 

gradually turn brown, forming a dark brown, velvety 

‘erineum’. The leaves attacked by the mite become thick 

and curled, shrivel and eventually fall off. When infected at 

young stage, the flower and fruit set too gets impeded [5]. 

Though present throughout the year, Litchi mite is most 

active from March to September and hibernates during 

harsh winters [6, 7]. This mite severely affects the growth and 

production of Litchi [8]. The current experiment was 

conducted to find out the alterations in volatile compounds 

upon infection by Aceria litchii in the leaves of Litchi 

chinensis. 

Material and Method 

Plant Extract Preparation 

The mite infected leaves and healthy leaves of Litchi were 

collected from litchi garden in Dehradun. The leaves were 

shade dried separately at room temperature and powdered 

using a grinder. 10gms powder, each of normal and galled 

leaves was weighed and extracted in 80% methanol using 

Soxhlet apparatus for almost 24 hours. Among the several 

chemicals used for extraction of volatile compounds present 

in leaves, methanol is an effective one [9]. The extract thus 

obtained was syringe filtered and further used for GC-MS 

analysis. 

 

GC-MS analysis 

GC-MS is an analytical technique used to separate 

components present in a given sample mixture. In this 

experiment, GC-MS analysis of both, the galled and normal 

litchi leaves extract was carried out on a shimazdu 

GCMSQP2010 Ultra system. The temperature of injector 

was kept at 280℃. The samples were injected in the split 

mode with split ratio being 60 to 1. The volume of the 

sample injected was 1µl. A capillary column composed of 

Rtx-5MS (5% Diphenyl-95% Dimethyl Polysiloxane) was 

used. Its dimensions were 30m  0.25mm  0.25µm. Helium 

was used as the carrier gas with a constant flow of 1.00 

ml/min. At the beginning of the process, the temperature 

was kept at 60℃ for 2 min which was increased to 10℃/min 

up to 260℃ that was held for 10 min. The ionization 

potential of mass spectrophotometer was 70eV. The 

interface temperature was 260℃ and that of the ion source 

was 280℃. The mass scan range was 40-550. 
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Phytochemical Identification  

The phytochemicals present in the extracts were identified 

with the help of the data available in National Institute of 

Standards and Technology (NIST) library.  

The mass spectra of the unknown compounds were matched 

with the spectra of the known compounds available in 

NIST. 2.3. The molecular weight, structure and molecular 

formulae of the phytochemicals were thus confirmed with 

the help of NIST. 

Result and Discussion 

GC-MS analysis of methanolic extracts of normal and 

galled leaves confirmed the presence of 43 phytochemicals 

in normal leaves (Figure 1) and 42 in the galled leaves 

(Figure 2). These chemical compounds mostly comprised of 

sesquiterpenes, terpenes, esters, antioxidants, steroids, 

vitamins, fatty acids etc. Table 1 and Table 2 show the 

retention time and area percentages of the various 

phytochemicals detected and identified in the GC-MS 

analysis of normal and galled leaves respectively.  

 

 
 

Fig 1: GC-MS chromatogram of methanolic extract of normal Litchi leaves 

 
Table 1: Components detected in GC-MS analysis of methanolic extract of normal leaves of Litchi. 

\
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Fig 2: GC-MS chromatogram of methanolic extract of galled Litchi leaves 
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Table 2: Components detected in GC-MS analysis of methanolic extract of galled leaves of Litchi. 
 

 

 
 

Table 3: showing peak area percentages of notable phytochemicals in normal and galled leaves. 
 

S.No. Name of the compound Nature of the compound 
Area % 

Normal leaf Galled leaf 

1 Alpha methyl mannofuranoside Glycoside 72.49 60.82 

2 Vitamin E Antioxidant 1.80 0.40 

3 Phytol Diterpene 2.88 1.83 

4 Caryophellene Sesquiterpene 0.38 2.04 

5 l-(+)-Ascorbic acid 2,6-dihexadecanoate Sugar acid 1.66 2.39 

6 Hexadecanoic acid, 2-hydroxy-1 (hydroxymethyl)ethyl ester Palmitic acid ethyl ester 2.02 2.54 

7 Octadecanoic acid,2,3-dihydroxypropyl ester Linoleic acid ester 1.00 1.84 

8 Betulinaldehyde Triterpenoid 4.95 - 

9 .gamma.-Sitosterol Steroid 2.12 - 

10 beta.–Longipinene Sesquiterpene - 4.54 

11 Lupeol Triterpene - 1.98 

 

Table 3 shows comparison of area percentage of compounds 

present in significant amounts in normal and galled leaves. 

The area percentage of alpha.-Methyl mannofuranoside was 

72.49% in normal leaves which reduced to 60.82% in galled 

leaves. Phytol reduced from 2.88% in normal leaves to 

1.83% in galled leaves and Vitamin E reduced from 1.80% 
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in normal leaves to 0.40% in galled leaves. Some chemical 

compounds increased in galled leaves in comparison to 

normal leaves. Caryophyllene increased from 0.38% in 

normal leaves to 2.04% in galled leaves, l-(+)-Ascorbic acid 

2,6-dihexadecanoate increased from 1.66% in normal leaves 

to 2.39% in galled leaves, Hexadecanoic acid,2-hydroxy-1-

(hydroxymethyl)ethyl ester increased from 2.02% in normal 

leaves to 2.54% in galled leaves and, Octadecanoic acid,2,3-

dihydroxypropyl ester increased from 1.00% in normal 

leaves to 1.84% in galled leaves. Some compounds were 

present only in galled leaves like beta-Longipinene (4.54%) 

and Lupeol (1.98%). Some phytochemicals were absent in 

galled leaves like.gamma.-Sitosterol (2.12%) and 

Betulinaldehyde (4.95%). The above mentioned chemical 

compounds are of great importance because of their 

medicinal properties and their role in plant defence.  

The compound alpha methyl mannofuranoside acts as a 

plant growth regulator by modulating glycoregulation in 

plants [10]. Its reduced quantity in the galled leaves shows 

that the metabolic processes involved in the normal growth 

of the plant have been adversely affected due to mite 

infestation, thus leading to gall formation. Another 

significant compound, Vitamin E, which reduced 

substantially in the galled leaves, is an antioxidant which 

protects cell membranes from damage caused due to light 
[11]. Its reduced quantity in the galled leaves suggests that 

the mite has altered the pathway involved in the plant 

defence. Quantity of Phytol, a diterpene alcohol, also 

reduced in galled leaves. Phytol shows antibacterial 

activities against Staphylococcus aureus. It has antioxidant 

and anticancer activities as well [12]. It has potential to be 

used for the treatment of rheumatoid arthritis and other 

chronic inflammatory diseases [13]. Among the chemical 

compounds whose quantity increased in the galled leaves, 

Caryophellene is an important one. It shows antimicrobial 

activities and plays a major role in plant defence mechanism 
[14]. It has been observed to be released from non-floral parts 

of the plant to act against herbivores [15]. For example, in 

Cotton and Hymenaea, Caryophellene reduced the growth 

of the insects feeding on them [16]. Its higher amount in 

galled leaves suggests that the mite infestation triggered the 

plant defence system to release more of Caryophellene. l-

(+)-Ascorbic acid 2, 6-dihexadecanoate also increased in the 

galled leaf. It has many medicinal properties. It is 

antiallergic, antianemic, antibacterial, antibronchitic, 

antidiabetic, anti-inflammatory etc. [17].  

Some compounds were completely absent in the galled 

leaves but present in normal leaves. A significant compound 

Betulinaldehyde, absent in galled tissue, is a pentacyclic 

triterpenoid which possesses antitumour activity [18]. Its 

presence in the normal leaves suggests that the mite 

infection has affected the synthesis of betulinaldehyde, 

leading to formation of gall. Betulinaldehyde also shows 

antimicrobial activities against bacteria and fungi. It has 

been found to be effective against the bacterium 

Staphylococcus aureus [19]. Another important compound 

found absent in galled leaves but present in normal leaves 

is.gamma.-Sitosterol (2.12%). It is a naturally occurring 

plant steroid which acts as an effective antidiabetic drug [20]. 

Its complete loss in the galled tissue suggests that either it 

was completely used during gall formation or the pathway 

involved in its synthesis was altered by the mite. Unlike 

above mentioned phytochemicals, some compounds were 

found only in galled leaves. Lupeol, a pentacyclic 

triterpenoid, is one such compound. It is anti-inflammatory 

and is used for therapeutic purposes [21]. It acts as a 

precursor for other triterpenoid metabolites which play a 

crucial role in the plant defence [22]. The presence of lupeol 

in only galled leaves shows that mite infection stimulated 

the production of lupeol in galled tissue as a mechanism of 

plant defence. Beta longipinene is another significant 

compound which was present only in galled leaves. Alpha-

longipinene, an isomer of beta-longipinene shows anti-

biofilm activity against certain fungal strains [23]. This shows 

that it plays a major role in plant defence.  

 

Conclusion  
The results obtained in this study suggest that compounds 
like alpha methyl mannofuranoside, Phytol and Vitamin E 
reduced in the Litchi leaves due to mite infestation. Amount 
of terpenoids and steroids increased under the stress 
conditions induced by the mite. Quantity of phytochemicals 
like Caryophyllene increased in the galled leaves. 
Betulinaldehyde and.gamma.-sitosterol were completely 
absent in the galled leaves whereas beta.-Longipinene and 
Lupeol were present only in galled leaves. Role of these 
significant compounds in plant defence during gall 
formation in Litchi still remains unexplored. A detailed 
study of phytochemicals specific to these galls can help in 
understanding the host pathogen interaction in Litchi leaf 
galls induced by mite. The medicinal value of the 
compounds too can be explored further for the human 
welfare.  
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