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Abstract: The influence of tea mosquito bug (Helopeltis theivora) infestation on the
physiological and biochemical changes in tea leaves as well as quality parameters
of the made tea was investigated. Results revealed that physiological parameters
such as polyphenol, chlorophyll a and b, carotenoids, catechins, reducing sugar
and antioxidant activity reduced when the shoots are infested by tea mosquito
bug. Black tea prepared from Helopeltis infested shoots contained significantly
lower amount of theaflavin and thearubigin ratio, highly polymerized substances,
total liquor colour, colour index, caffeine and lipid than that of uninfested fresh
tea leaves. The infestation of tea mosquito bug significantly reduced the
physiological parameters of tea leaves and quality parameters of made tea that
hamper the quality of drinking tea.
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INTRODUCTION

Tea is the most popular non-alcoholic stimulating beverage in the world as
well as one of the healthiest drinks made from the tender shoots of tea plant,
Camellia sinensis (Kuntze) of Theaceae. Tea leaves contain several chemical
compounds having medicinal properties such as caffeine, polyphenol and
alkaloids. Tea production is greatly hindered by many factors. In world tea, 1034
species of arthropods and 82 species of nematodes are associated with tea
plants (Chen and Chen 1989). In Bangladesh tea, so far 25 insects, 4 mites and
10 species of nematodes have been recorded (Ahmed 2005). Different pests
(insects, mites and nematodes) alone can extensively damage the crop to the
tune of 10 - 15% per annum (Sana 1989, Ahmed 2005) and in severe cases; it
would be 100% (Mamun and Ahmed 2011).

Tea mosquito bug (Helopeltis theivora, Waterhouse) is the most notorious
pest of tea in almost all tea producing countries including Bangladesh. The pest
causes serious damage to tea leaves which is found in greater Sylhet region of
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Bangladesh. Records show the serious notice of the pest since 1957 (Sana
1989). Helopeltis infestation occurred in the recently opened tea area in
Panchagarh (extreme north-west of Bangladesh). Both nymphs and adult cause
damage by sucking the sap from succulent stems, buds and young leaves by
inserting the proboscis. From the economic point of view, the pest is considered
to be the major one causing damage to tea both in respect of quantity and
quality.

Pest infestation deteriorates the quality of food, fruits and beverages
including tea. Despite crop loss, pest infestation also adversely affects the
quality of processed tea. The severe infestation by flush worm, mites, thrips and
tea mosquito bug adversely affected flavor and decreased the polyphenolic
content (Murthy and Chandrasekaran 1979). The quantity of crop loss in respect
of yield due to the infestation of Helopeltis was assessed in different regions of
the world (Rao and Murthy 1976, Muraleedharan 1991, Barbora et al. 2000,
Ahmed 1996), but there is very little information on the physiological and
biochemical as well as quality deterioration of made tea caused by the
infestation of Helopeltis. Therefore, present study was designed to determine the
effect of tea mosquito bug infestation on the physiological and biochemical
changes in green leaves as well as quality of drinking tea.

MATERIAL AND METHODS

Pluckable shoots comprising “two leaves and a bud” were collected from the
experimental plots of BTRI main farm where the plots were divided into two
categories such as (1) fresh leaves plot and (2) Helopeltis infested plot. These
leaves were collected for the analysis both green leaf and made tea. This
experiment was conducted at the laboratory of Department of Food Engineering
and Tea Technology, Shahjalal University of Science and Technology (SUST),
Sylhet and Bangladesh Tea Research Institute (BTRI), Moulvibazar, Bangladesh.

Estimation of chlorophyll and carotenoids contents: Chlorophyll content of tea
shoots was measured following Wellburn (1994) by wusing UV-visible
spectrophotometer. Pigments, chlorophyll a, b and carotenoids were calculated
using the formulae like chlorophyll a = (15.65 A666 — 7.34 A653), chlorophyll b
= (27.05 A653 - 11.21 A666) and carotenoids = (1000 A470 — 2.86 chlorophyll a
— 129.2 chlorophyll b)/221, while the chlorophyll and carotenoids values were
expressed as milligram per gram (mg/g) fresh weight basis.

Estimation of polyphenols, catechins and reducing sugars: The alcoholic
extract of tea samples was used for estimation of polyphenols, catechins and
reducing sugars. Absorbance of the alcoholic extract was read at 700 nm against
the reagent blank considering the development of blue color using UV-visible
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spectrophotometer. Quantum of polyphenols present in tea leaves was computed
using the standard calibration curve derived from known concentrations (10 to
S0 ppm) of gallic acid and the results were expressed as per cent gallic acid
equivalents (Choudhury and Gowsami 1983). In the case of catechins deter-
mination of experimental samples, absorbance was read at 510 nm against the
reagent blank in UV-visible spectrophotometer and amount of catechins present
in tea leaves was calculated using the standard calibration curve computed with
the values obtained against known concentrations (10 to 50 ppm) of (+) catechin
and the results were expressed as per cent catechin equivalents (Swain and
Hillis 1959). Furthermore, reducing sugar was estimated whereas absorbance of
the green color developed was read at 630 nm against the reagent blank in a
UV-visible spectrophotometer and per cent reducing sugars (dextrose
equivalents) present in tea samples was computed using the standard
calibration curve where known concentrations of (+) dextrose were used to derive
calibration curve (Hedge and Hofreiter 1962).

Determination of total antioxidant. The scavenging effects of samples for 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical were monitored following Yen and
Chen (1995) where the absorbance was read at 517 nm in UV-visible
spectrophotometer. The ability to scavenge the DPPH radical was calculated as
scavenging effect (%) = [1 - (A sample — A sample blank)/ A control] x 100,
where, a control is the absorbance of the control (DPPH solution without
sample), A sample is the absorbance of the test sample (DPPH solution plus test
sample) and A sample blank is the absorbance of the sample only (sample
without DPPH solution). Synthetic antioxidants: Butylated hydroxytoluene
(BHT), gallic acid and ascorbic acid were used as positive controls.

Determination of total tannin content: The tannins were determined using the
Folin-ciocalteu phenol reagent as reported by Amorim et al. (2008). A set of
standard solutions of tannic acid was read against a blank using UV-visible
spectrophotometer. The results of tannins were expressed in terms of tannic
acid in mg/g of dry extract. Total tannin content was determined as mg of tannic
acid equivalent per gram using the equation obtained from a standard tannic
acid calibration curve y = 0.008x + 0.005, R2 = 0.997.

Observation of quality of made tea: Black tea was manufactured by using
miniature of CTC (crush, tear and curl) unit (Thanaraj and Seshardi 1990).
Crushed sample was kept in a cabinet fermenter at 25°C and 95% relative
humidity. Optimum fermentation time was assessed adopting the method as
reported by Ullah (1977). Fermented dhool was dried in a drier at 120°C for 2
hours which reduced the moisture content to around 3%. Tea samples thus
manufacture and were stored for analysis (Kumar 2004). Contents of theaflavin
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(TF), thearubigin (TR), highly polymerized substances (HPS) and total lliquor
colour (TLC) were estimated from the absorbance values (Fig. 1).

Contents of TF, TR, HPS and TLC were calculated by the following formulae :
TF (%) = (4.313 x C x 2 x 100)/(Sample weight x dry matter content), TR (%) =
(13.643 x (B+D-C) x 2 x 100)/(Sample weight x dry matter content), HPS (%) =
(13.643 x E x 2 x 100) / (Sample weight x dry matter content) and TLC (%) = (10
x A x 2 x 100)/(Sample weight x dry matter content).

Multiplication factors of TF and TR were derived from molar extinction
coefficients of pure compounds and dilution factor (Roberts and Smith 1963). In
the case of TLC, value 10 is the dilution factor (Thanaraj and Seshadri 1990).
Colour index was derived using the formula as CI = (TF * 100) / (TR + HPS) as
reported by Ramaswamy (1986).

Quantification of lipids: Quantification of lipid present in the leaf material
was calculated gravimetrically and expressed as per cent according to
Ravichandran and Parthiban (2000) where the formula was considered as lipid
(%) = weight of dried dish — weight of empty dish x 100.

2g tea + 100 ml hot water, infuse the cOntents over boiling water bath for 10 minutes & Filter

Tea Brew

l 25 ml brew =25 ml IBMK
1 ml +9 ml water l
IBMK layer —————— 10ml + 10 ml 2.5% Na;HPO. Aqueous layer 10ml +
Record absorbance at 460 nm l l 10 ml n-Butanol
Against water blank
(A) 1 ml + 9 ml 45% Ethanol IBMEK laver ¢
l Aqueous layer l l
l Discard
1 ml + 9ml 45% Ethanol Butanol layer Aqueous layer
Record absorbance at 380 nm v v l
Against 45% Ethanol Record absorbance at 380 nm 1 ml + 9 ml 45% Ethanol
1 ml+9 ml
(B) Against 45% Ethanol ¢ 45%; Ethanol
© ¢
Record absorbance at 380 nm
Against 45% Ethanol Record absorbance
(D) at 380nm against
45% Ethanol

(E)

Fig. 1. Estimation of TF, TR, HPS and TLC in black tea by spectrophotometer.

Estimation of caffeine: The presence of caffeine in the tea samples was
measured through UV-visible spectrophotometer and absorbance was compared
in 260 nm. Quantum of caffeine present in tea leaves was computed using the
standard calibration curve derived from known concentrations (0 to 20 ppm) of
caffeine and the results were expressed as per cent caffeine equivalents (Maidon
etal 2012).
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Determination of total ash: Total ash was estimated by directly incineration of
sample taken in a crucible according to AACC (2000) method 08-01, by using
the calculated of ash (%) = (Wt. of ash)/Wt. of sample) x 100. Acid insoluble ash
was measured as, acid insoluble ash (%) = (Wt. of ash x 100 x 100)/(Wt. of
sample x (100-moisture) and water soluble ash were measured using the
formula such as water soluble ash (%) = {(Total ash — water insoluble ash) x
10,000)/(Total ash x (100-moisture)}.

Dry matter and moisture content. The moisture content was measured
according to the official method 44-01 of AACC (2000). The moisture content of
the sample was calculated using the following formulae: Dry matter content
(DMC) (%) = (Wt. of dried sample (g))*100/Wt. of fresh sample (g) and moisture
(%) = 100 — dry matter.

Water extract. The water extract of tea samples was measured by using a
formula and the formula was, water extract (% = (weight of extract x 100 x 100 x
5)/ (sample weight x (100-moisture).

Statistical analysis: All measurements and analyses were expressed as
means * standard deviation of measurements. The results were analyzed
statistically using the MS Excel program to determine the average value and
standard error of the mean (SEM).

RESULTS AND DISCUSSION

Chlorophyll and carotenoids contents: Chlorophyll a, b and carotenoids of tea
mosquito bug (TMB) infested and fresh tea leaves were observed (Fig. 2). Result
revealed that fresh tea leaves contain 2.73 mg/g chlorophyll a, 1.23 mg/g
chlorophyll b and 1.11 mg/g carotenoids, respectively. Infested tea leaves
contain 2.24 mg/g chlorophyll a, 1.03 mg/g chlorophyll b and 0.51 mg/g
carotenoids, respectively. In this case it was found that chlorophyll a, b and
carotenoids were high in fresh leaves and low in the infested leaves.

Total polyphenols, catechins, tannins and reducing sugars: Total polyphenols,
catechins, tannins and reducing sugars contents in fresh and infested leaves of
tea mosquito bug were observed (Table 1). Result revealed that polyphenol
content was found higher in fresh tea leaves (56.65 ppm) than the Helopeltis
infested leaves (45.24 ppm). The catechin content in fresh leaves was also found
higher (25.24 ppm) than the infested leaves (18.69 ppm). The lower amount of
tannin content (18.69 mg/g) was found in fresh leaves whereas the higher
amount of tannin (21.30 mg/g) was found in the infested leaves. The reducing
sugar level in fresh leaves was found higher (46.90 ppm) than the infested leaves
(34.73 ppm) as well.
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Fig. 2. Chlorophylls and carotenoids of fresh and TMB infested leaves.

Table 1. Polyphenols, catechins and reducing sugars in Helopeltis infested leaves

Biochemical parameters Fresh leaves Helopeltis infested leaves
Polyphenols (ppm) 56.65 £ 0.83 45.24 + 0.38
Catechins (ppm) 25.24 £ 0.49 18.69 £ 0.09
Tannins (mg/g) 18.69 £ 0.09 21.30 £0.14
Reducing sugars (ppm) 46.90 £ 0.36 34.73 £ 0.29

Total antioxidant. The antioxidant activity of the methanolic extract of fresh
leaves and TMB infested leaves was evaluated by free radical scavenging assay
(Table 2). Fresh tea leaves extracts exhibited higher scavenging effect on 2,2-
diphenylpicrylhydrazyl (DPPH) radicals such as 90.12, 88.13, 87.90, 86.19 and
84.32% for 50, 10, 2, 0.4 and 0.08 mg/ml, respectively. But TMB infested leaves
exhibited lower scavenging effect on DPPH radicals such as 86.30, 84.45, 84.10,
79.91 and 77.07% for 50, 10, 2, 0.4 and 0.08 mg/ml, respectively. So, it was
found that antioxidant activity was reduced in tea leaves due to attack of tea
mosquito bug.

Quality of made tea: Lower amount of TF, TR, TF:TR, HPS, TLC and CI (color
index) was found in black tea which was manufactured by tea mosquito bug
infested leaves and the higher value of theaflavin (TF), TThearubigin (TR), highly
polymerized substances (HPS), total liquor color (TLC) and CI was found in fresh
leaves (Table 3), whereas the better quality of tea is considered between the ratio
of TR and TF must be 10 and in this research the appropriate ratio was also
found in fresh leaves but gradually decreased in tea mosquito bug infested
leaves.
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Estimation of different physico-chemical parameters: Different physico-
chemical parameters such as lipid, caffeine, total ash, water soluble ash, acid
insoluble ash, alkalinity of water soluble ash, water extract, moisture and dry
matter content of fresh and tea mosquito bug infested leaves were estimated
(Table 4) and the lipid was found between 3.93 and 4.83% where the fresh tea
leaves sample contain 4.83% and low infested leaves contain 3.93%. The highest
(62.27 ppm) caffeine was observed in fresh tea leaves sample and lowest (54.96
ppm) was found in infested leaves. The total ash in the fresh tea leaves was
found lower (5.54%) than the infested leaves (6.07%). Furthermore, the water

Table 2. Antioxidant activity of fresh and TMB infested tea leaves at different concentrations

Samples Scavenging effect (%)

50 (mg/ml) 10 (mg/ml) 2 (mg/ml) 0.4 (mg/ml) 0.08 (mg/ml)
Gallic acid 97.88+0.68 94.05+0.46 93.44+0.99 90.99+0.71 87.56+0.58
Ascorbic acid 96.99+0.83 93.63+1.14 92.73+1.42 92.15+0.90 91.39£1.33
Fresh leaves 90.1240.15 88.13+1.14 87.90+0.09 86.19+0.08 84.32+0.15

TMB infested leaves  86.30+0.68 84.45+0.64 84.10£0.15 79.91+0.30 77.07+£0.08

Table 3. TR, TF, TF:TR, HPS, TLC and CI content in fresh and TMB infested leaves

Quuality parameters Fresh leaves TMB infested leaves
TF (%) 0.67 £ 0.03 0.62 £ 0.02
TR (%) 6.76 £ 0.09 6.19 £ 0.08
TF: TR 10.09 £ 0.10 9.84 £0.10
HPS (%) 6.20 £ 0.09 5.98 £ 0.08
TLC (%) 2.54 £ 0.08 2.36 £ 0.42
Colour index (CI) 5.16 £ 0.07 5.16 £ 0.06

soluble ash in the tea was found 44.55 and 40.25% in terms of total ash for
fresh leaves and infested leaves, respectively. Acid insoluble ash of different
grades of tea leaves was 1% whereas in this experiment fresh tea leaves sample
contain 1.04% and infested leaves contain 1.09%. Alkalinity of water soluble ash
in the tea samples were found 3.06 and 3.65% in terms of total ash for fresh
and infested leaves, respectively. The percentage of ash was gradually increasing
in the fresh leaves against the infested leaves and highest in infested leaves.

Water extract of Helopeltis infested and uninfected tea leaves was observed
where the water extract content was highest 33.65% in fresh leaves and lower
26.42% in the highly infested leaves. The amount of moisture of fresh tea leaves
sample contains 3.15% and infested leaves contain 2.69%. Dry matter content
measured in different sample was observed and found 96.85% in fresh tea
leaves and 97.08% in infested leaves.
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Feeding punctures made by TMB appeared as reddish brown spots. Severely
infested leaves turned black in colour and curled downwards resulting active
photosynthetic area is also reduced. Increased polyphenol oxidase activity was
attributed to the conversion of polyphenols to quinines as reported earlier in
eriophyid mite infested citrus leaves. Quinones in plant tissue react with
proteins to form melanin and other tannins. Discoloration of damaged leaves
was attributed to the accumulation of tannins as reported in citrus (Ishaaya and
Sternlicht 1971).

Table 4. Compositions of different physico-chemical parameters in fresh and TMB infested
leaves

Quality parameters Fresh leaves TMB infested leaves

Lipid (%) 4.83 £ 0.06 3.93+0.05
Caffeine (ppm) 62.27 £ 0.84 54.96 £ 0.63
Total ash content (%) 5.54 £ 0.06 6.07 £0.11
Water soluble ash (%) 44.55 = 0.68 40.25 £ 0.66
Acid insoluble ash (%) 1.04 £ 0.01 1.09 £ 0.01
Alkalinity of water soluble ash (%) 3.06 £ 0.04 3.65+0.03
Water extract (%) 33.65 £ 0.30 26.42 £ 0.28
Moisture content (%) 3.15+£0.02 2.69 + 0.04
Dry matter content (%) 96.85 £ 0.21 97.08 £ 0.28

Despite the increase in dry matter content, both biochemical constituents
and physiological parameters decreased with the increasing level of TMB
infestation. Similar results have been reported in cashew nut and Pongameag
labra infested by Helopeltis antonii and eriphyid mites, respectively (Nagaraja et
al.1994, Manjunath et al. 1989). The tea leaves were severely infested by
flushworm, mites, thrips and tea mosquito bug adversely affected flavor and
decreased the polyphenolic content (Murthy and Chandrasekaran 1979,
Sudhakaran et al. 2000). Tea made from flushworm infested shoots had low
levels of extractable solids and high crude fiber content (Murthy and
Chandrasekaran 1979). Mamun et al. (2016) also found the similar trend of
result in case of red spider mite infesting tea. They found that the physiological
and biochemical contents were significantly (p > 0.05) reduced with the increase
of infestation (from low to high) of red spider mites. Photosynthetic pigments
such as chlorophyll a (2.0 mg/g) and b (1.05 mg/g), carotenoids (0.55 mg/g) and
biochemical components such as polyphenols (45.56 ppm), catechins (10.40
ppm) and reducing sugar (34.57 ppm) in severely infested green leaves were
found lower than the fresh leaves. Black tea manufactured from severely
infested leaves had the lower amount of theaflavin (0.43%), high polymerized
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substances (6.16%), total liquor colour (2.20%), colour index (3.27), lipid
(3.77%), caffeine (54.68 ppm), moisture content (0.63%) and water extract
(22.66%) but it was reverse in case of Thearubigin (7.00%), total ash (5.70%) and
dry matter (99.37%). Made tea manufactured from mite infested shoots was
valued inferior (31.65 - 32.90) when subjected to organoleptic evaluation.
Similar observation towards changes of physio-biochemical parameters in tea
leaves and made tea due to Helopeltis infestation was also reported by
Sudhakaran et al. (2000). They studied on the influence of tea mosquito bug,
Helopeltis theivora infestation the photosynthetic rate (Pn), biochemical
constituents of green leaf and quality parameters of black tea. Biochemical
constituents such as chlorophyll, carotenoids, polyphenols, catechins, amino
acids and total sugars were very much reduced when the shoots were severely
infested.

It is concluded that, the present study provides good information about the
severity of tea mosquito bug infestation and its adverse effects on the quality of
made tea. Most of the physio-biochemical parameters such as chlorophyll,
polyphenols, reducing sugar, total antioxidant, tannins, caffeine, ash, color
index, etc. were found much lower in the infested leaves compared to that of
fresh leaves. By the attack of tea mosquito bug, the production of tea leaves is
also reduced and consequently, it will negatively affect the national economy of
Bangladesh, where tea is one of the major sources of earning foreign currency.
So, further research is needed to control the gradual tea mosquito bug invasion
in our tea gardens to safeguard the quality and sustainable production of tea.
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