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INTRODUCTION

Clove (Syzygium aromaticum L.) belongs to family Myrtaceae.
They are aromatic dried buds of an evergreen tree and culti-
vated in Madagascar, Sri Lanka, Indonesia, Philippines, India,
Tanzania and South of China. Clove buds are deep brown in
colour and best used as complete buds. Clove buds have a warm,
spicy, peppery, sweet, pungent, aromatic and musty aroma.
The flavour is very sweetly pungent, fruity, strongly aromatic
and astringent and leaves a numbing sensation in the mouth.
Major constituents of dried clove buds are total sugars (2.36 %),
proteins (5 %), mineral matter (5.2 %), steam-volatile oil (15-
20 %) and carbohydrates (61 %) [1]. Clove buds also possess
various vitamins such as vitamin A, B1, B2, B3 and ascorbic
acid [2]. Leaves, stem, buds and fruits of clove tree are rich in
volatile oil. The major component of clove oil is a phenol,
namely eugenol. Clove bud oil contains eugenol, eugenyl acetate
and β-caryophyllene, which make up to 99 % of the oil [3].
Fruity aroma of clove oil is due to the presence of methyl-n-
amyl ketone. Non-volatile constituents of clove include flavo-
noids, sterols, tannins and triterpenes. A variety of flavonoids,
including kaempferol, rhamnetin, quercetin and myricetin are
present in clove buds. Sterols found in clove include sitosterol,
stigmasterol and campesterol [3]. Antioxidant activity of eugenol
is comparable to that of synthetic antioxidants [4]. Clove has
highest capacity to reduce lipid peroxidation. Clove acts as an
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iron chelator by inhibiting hydroxyl free radicals [5]. Clove also
shows pharmacological activities like antimicrobial, antiviral,
chemopreventive, hepatoprotective, antidiabetic, antiinfla-
mmatory, antistress, antipyretic, insecticidal activities, anesthetic
effects and mosquito repellant [3]. They are widely used as medi-
cines as carminative and stimulant.

Several factors such as oxidizing agent, pH and tempe-
rature can affect the quality of the extract produced by an
extraction process [6]. It is important to select an appropriate
extraction technique for standardization of herbal products
because it is necessary to extract desirable constituents, leaving
out unrequited constituents with the help of solvent. A good
extraction technique is expected to be less time consuming
and offers high yield of active compounds without sacrificing
their functionality. Extraction efficiency is commonly a func-
tion of process conditions. Literature survey revealed that no
systematic work has been done on the comparative analysis
of various extraction techniques and solvents on extract yield
and sugars content of clove buds. Thus, the objective of this
study was to find out the effect of various extraction techniques
and solvents on extract yield and sugars content of clove buds.

EXPERIMENTAL

Germplasm material of dried clove buds was used for this
study. A fine powder of healthy clove buds was prepared using



warring blender. Samples of powdered clove buds were extracted
with solvents viz. acetone, ethanol and water by using following
extraction techniques: (1) Maceration followed by mechanical
shaking; (2) Refluxing; (3) Soxhlet extraction; (4) Centrifugation.

The detailed extraction method is described in previously
published paper [7]. All extractions were performed in tri-
plicate. Extracts were used for the estimation of extract yield
and sugars content.

Chemicals: Highest purity chemicals were deployed for
various estimations.

Estimation of extract yield: The extract yield was calcu-
lated by gravimetric method. Each extract was dried up com-
pletely in a beaker and extract yield was calculated by the
difference in weight of beaker before and after drying. Extract
yield was expressed as gram per hundred gram (g/100 g).

Estimation of total sugars content: Total sugars content
was determined by phenol sulphuric acid method [8] using
glucose as standard. Detailed method is discussed in previously
published paper [9]. The total sugars content present in various
extracts was calculated and results were expressed as milligrams
per gram (mg/g).

Estimation of reducing sugars content: Reducing sugars
content was determined by Nelson-Somogyi method [10] using
glucose as standard. The detailed method is discussed in publi-
shed article [9]. The reducing sugars content present in various
extracts was calculated and results were expressed as milligrams
per gram (mg/g).

Estimation of non-reducing sugars content: Non-reducing
sugars content was calculated as the difference of total sugars
content and reducing sugars content.

Non-reducing sugars content =
Total sugars content – Reducing sugars content

RESULTS AND DISCUSSION

Extract yield: Amongst extraction techniques, extract
yield (g/100 g) of clove buds extracts obtained by Soxhlet
technique was highest i.e. 27.64 followed by refluxing (21.70),
centrifugation (13.94) and mechanical shaking (12.22).
Amongst solvents, water extracts of clove buds showed highest
(34.29) extract yield followed by ethanol (13.07) and acetone
(9.28) extracts (Table-1). Exhaustive extraction ability of
Soxhlet extraction technique is responsible for higher extract
yield. Present findings are in agreement with previous inves-
tigations on seven medicinal plants showing that higher extract
yields were obtained by refluxing (4.86-42.4 g/100 g) tech-
nique in comparison to shaking (2.23-34.5 g/100 g) which is
due to the reason that hot solvents used in refluxing are more
effective for the extraction of antioxidative constituents thus
are responsible for higher extract yields [11]. Extract yield of
Bauhinia purpurea was higher in extracts obtained by Soxhlet
technique (13.5 g/100 g) in comparison to maceration (8.3 g/
100 g) due to its exhaustive extraction ability [12]. The extract
yield from Quercus infectoria galls. was highest in water
extract (80.03 %) followed by ethanol (45.77 %) and acetone
(43.57 %) extracts showing that polar compounds in plants
are easier to extract with more polar solvents [13].

Total sugars, reducing sugars, non-reducing sugars:
Contents of total sugars, reducing sugars and non-reducing
sugars (mg/g) in various extracts of clove buds varied widely.
Amongst extraction techniques the contents of total sugars,
reducing sugars and non-reducing sugars (Tables 2-4) were
highest (28.91, 28.50 and 0.41 mg/g, respectively) in extracts
obtained by Soxhlet technique followed by refluxing (25.94,
25.64 and 0.30, respectively), centrifugation (19.27, 19.06 and
0.21, respectively) and mechanical shaking (19.06, 18.86 and

TABLE-1 
EXTRACT YIELD (g/100 g) OF CLOVE BUDS EXTRACTS OBTAINED BY DIFFERENT EXTRACTION TECHNIQUES 

Extract yield (g/100 g) 

Solvent Spices Extraction technique 

Acetone Ethanol Water Mean Increase over T1 (%) 
Mechanical shaking  4.55 ± 0.08 5.17 ± 0.06 26.95 ± 0.12 12.22 – 
Refluxing  12.02 ± 0.06 18.65 ± 0.05 34.44 ± 0.04 21.70 77.6 
Soxhlet  13.65 ± 0.04 20.90 ± 0.08 48.37 ± 0.12 27.64 126.2 
Centrifugation  6.89 ± 0.04 7.54 ± 0.06 27.38 ± 0.13 13.94 14.1 

Clove buds 

Mean 9.28 13.07 34.29     
SE (mean) Extraction technique = 0.04; Solvent = 0.04; Extraction technique × Solvent = 0.08 
CD at 5 % Extraction technique = 0.13; Solvent = 0.11; Extraction technique × Solvent = 0.22 

CV (%) 0.69 

TABLE-2 
TOTAL SUGARS (mg/g) IN CLOVE BUDS EXTRACTS OBTAINED BY DIFFERENT EXTRACTION TECHNIQUES 

Total sugars (mg/g) 

Solvent Spices Extraction technique 

Acetone Ethanol Water Mean Increase over T1 (%) 
Mechanical shaking  12.46 ± 0.31 19.64 ± 0.51 25.10 ± 0.36 19.06 – 
Refluxing  19.15 ± 0.19 26.31 ± 0.23 32.35 ± 0.19 25.94 36.1 
Soxhlet  22.21 ± 0.10 29.06 ± 0.30 35.47 ± 0.12 28.91 51.7 
Centrifugation  13.12 ± 0.20 19.29 ± 0.27 25.39 ± 0.18 19.27 1.1 

Clove buds 

Mean 16.74 23.58 29.58     
SE (mean) Extraction technique = 0.16; Solvent = 0.13; Extraction technique × Solvent = 0.27 
CD at 5 % Extraction technique = 0.46; Solvent = 0.40; Extraction technique × Solvent = NA 

CV (%) 2.00 
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TABLE-3 
REDUCING SUGARS (mg/g) IN CLOVE BUDS EXTRACTS OBTAINED BY DIFFERENT EXTRACTION TECHNIQUES 

Reducing sugars (mg/g) 

Solvent Spices Extraction technique 

Acetone Ethanol Water Mean Increase over T1 (%) 
Mechanical shaking  12.31 ± 0.27 19.44 ± 0.53 24.84 ± 0.35 18.86 – 
Refluxing  18.98 ± 0.19 26.01 ± 0.23 31.94 ± 0.22 25.64 36.0 
Soxhlet  21.98 ± 0.12 28.71 ± 0.30 34.81 ± 0.05 28.50 51.1 
Centrifugation  12.96 ± 0.20 19.08 ± 0.28 25.13 ± 0.16 19.06 1.1 

Clove buds 

Mean 16.56 23.31 29.18     
SE (mean) Extraction technique = 0.16; Solvent = 0.14; Extraction technique × Solvent = 0.27 
CD at 5 % Extraction technique = 0.46; Solvent = 0.40; Extraction technique × Solvent = NA 

CV (%) 2.03 

 
TABLE-4 

NON-REDUCING SUGARS (mg/g) IN CLOVE BUDS EXTRACTS OBTAINED BY DIFFERENT EXTRACTION TECHNIQUES 

Non-reducing sugars (mg/g) 

Solvent Spices Extraction technique 

Acetone Ethanol Water Mean Increase over T1 (%) 
Mechanical shaking  0.15 ± 0.04 0.20 ± 0.02 0.26 ± 0.02 0.20 – 
Refluxing  0.19 ± 0.01 0.30 ± 0.02 0.42 ± 0.04 0.30 50.0 
Soxhlet  0.23 ± 0.02 0.35 ± 0.02 0.66 ± 0.03 0.41 105.0 
Centrifugation  0.16 ± 0.03 0.21 ± 0.02 0.26 ± 0.02 0.21 5.0 

Clove buds 

Mean 0.18 0.27 0.40     
SE (mean) Extraction technique = 0.02; Solvent = 0.01; Extraction technique × Solvent = 0.03 
CD at 5 % Extraction technique = 0.46; Solvent = 0.04; Extraction technique × Solvent = 0.08 

CV (%) 15.97 

 
0.20, respectively). Amongst solvents, contents of total sugars,
reducing sugars and non-reducing sugars were highest (29.58,
29.18 and 0.40 mg/g, respectively) in water extracts followed
by ethanol (23.58, 23.31 and 0.27, respectively) and acetone
(16.74, 16.56 and 0.18, respectively) extracts (Tables 2-4).
Sugar molecules have many polar hydroxyl (-OH) groups and
are highly polar in nature. Sugars are able to form hydrogen
bonds with water or ethanol molecules [14]. Solubility of D-
glucose is higher in water (5.271 M) than ethanol (0.011M).
Sucrose molecule has three hydrophilic oxygen atoms, 8
hydroxyl groups and 14 hydrogen atoms. Thus sucrose easily
forms hydrogen bonds with water enabling easy dissolution
of sucrose in water. Solubility of sucrose is significantly lower
in organic solvents in comparison to water [56]. Present results
are in agreement with the previous studies that clove contained
2.36 % total sugars in it [3].

Conclusion

Present study revealed that extract yield and sugars content
of clove buds were affected by the type of extraction technique
used and solvent polarity. Highest extract yield and sugars
content were found in water extracts obtained from Soxhlet
extraction technique.
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