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Various brewing methods for green coffee Coffea arabica and
Coffea canephora (robusta) with effect on Polyphenolic contents
and Effect of Brewing time on Phytochemicals, Total Flavonoid
and Phenolic Content on Green and Roasted coffee Arabica,
Robusta and Monsooned Malabar.

ABSTRACT

Coffea arabica, Coffea canephora (robusta) and Monsooned Malabar are the three types of coffee which are well
known and used by most of population in India and all over the Globe. For consuming coffee various brewing
methods are used worldwide, French press, Espresso, Turkish coffee, being the common. Eleven brewing methods
are introduced in the paper for brewing of Green coffee, some of which are common for brewing tea.

Among all the mentioned brewing methods, Decoction method showed the best results, as maximum amount of
Flavonoids and Phenols were found to be present in extract after brewing. Brewing time is also considered as one of
the major factor for coffee brewing as if the time is too short, all the flavours will not dissolve and if too long, it may
dissolve undesirable components as well. Secondary metabolites are the main phytochemicals present in both green
and roasted coffee. Another factor considered is the solvent used for brewing. Here in, the results water proved to be
a better solvent in case of roasted coffee, whereas alcohol for green coffee.

Results indicate that the brewing methods given may be used along with a variant brewing time depending on its
phenolic content. Also, green coffee can be proved a boon with more health benefits as compared to roasted one.
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INTRODUCTION

An evergreen arbour, Coffee, is a member of the Rubiaceae family, is derived from the name of the province ‘Keffa’, where
shepherds from Abyssinia/Ethiopia discovered it in 6" century. Since then it is one of the most consumed beverages in the
world due to its pleasant taste, aroma, stimulant effect and health benefits [1,2,3]. Coffee plants consist of several species
such as Coffea canephora, Coffea liberica, Coffea excels and Coffea stenophylla [4,5]. The most cultivated varieties are
Coffea arabica (Arabica) and Coffea canephora (Robusta), which are used for commercial production, accounting for about
60% and 40% of the world coffee market, respectively, while Coffea liberica contributes less than 1% of marketed coffee
[6,7,8]. Arabica and Robusta may appear similar but there are a number of significant differences between them. In terms of
yield, Arabica requires different environmental conditions and produces less coffee per hectare than robusta, making the cost
of growing it much higher. They even differ in caffeine and Chlorogenic acid content. Then there is a process that is apllied
to coffee beans, called Monsooned Malabar. The harvested coffee seeds are exposed to the monsoon rain and winds for a
period of about three to four months, causing the beans to swell and lose the original acidity, resulting in a flavour profile
with a practically neutral pH balance.

For many people, especially in Western countries, coffee drinking is a part of their lifestyle and morning habit. Morning cup
of coffee is a daily routine for millions of people worldwide, about 40% of the world’s population starts the day this way
[9,10]. Popularity of drinking of roasted or instant coffee infusions is a result of its stimulating effects, exceptional smell and
taste [11].

The coffee that we know is produced by processing of the green coffee beans in several stages. Green coffee refers to raw or
unroasted seeds (beans) of Coffea fruits [12, 13, 14]. Its infusions are believed to accelerate metabolism, thus they can be
helpful in reducing weight and preventing or overcoming obesity [15].

The main constituents of green coffee beans are carbohydrates (up to 50% of the dry weight), both soluble (galactomannan,
arabinogallactan) and insoluble in water (cellulose), phenolic species, i.e. caffeine, cholorogenic acids, in addition to
polysaccharides, proteins, polyphenols, melanoids, lipids and minerals [11, 16, 17, 18, 19, 20]. However, the chemical
composition and the biological activity of green coffee are highly affected by roasting [14]. In the process of roasting
Chlorogenic acids are particularly degraded as well the content of the phenolic compounds decrease along with the
antioxidant activity [21, 22, 23].

Secondary metabolites from plants have important biological and pharmacological activities, such as anti-oxidative, anti-
allergic, antibiotic, hypoglycemic and anti-carcinogenic [24,25,26,27]. Largest group of phytochemicals comprises the
phenolic chemicals. Plant polyphenols are secondary metabolites that are widely distributed in higher plants [28]. The most
important dietary phenolics are phenols acids, polyphenols and flavonoids, the latter being the most studied group [29]. The
flavonoid subclass of phenols includes minor flavonoids (flavonones and dihydroflavonols), flavones and flavonols [28].
Flavonoids have a benzo-y-pyrone structure and are synthesized by phenylpropanoid pathway. Available reports tend to
show that flavonoids are responsible for the variety of pharmacological activities [30,31], but the best described property of
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almost every group of flavonoids is their capacity to act as antioxidants. The antioxidant activity of flavonoids depends upon
the arrangement of functional groups about the nuclear structure [32,33]

Brewing techniques and time have a great impact on the content of polyphenols. The difference in the presence of
phytochemical in different methods depends upon steeping time of the infusion, type of species, type of solvent and
temperature [34].

Although, the brewing time is given in the standard coffee brewing techniques used all over the world, the knowledge of
extraction behaviour of the main coffee oxidants during time and various methods might induce to the technological factors
with major impact on antioxidants extraction. There is no narrative data referring to the content and the effect of the method
of preparing coffee infusions and time, on amount of phenolic and antioxidant content. Hence, it might be possible to obtain
not only coffee brews with higher antioxidant capacity but also coffee extracts with health properties that can be used as
ingredients in functional foods. Therefore, an attempt was made to establish a correlation among different brewing methods,
brewing time and phenolic content in infusions.

OBJECTIVE

Present study aimed to give various brewing methods for brewing of Green coffee Coffea arabica and Coffea robusta, best
method among the prescribed Brewing methods on the basis of its total flavonoid and phenolic content. Study was also
focussed on the importance of Brewing time and solvent used for brewing giving their phytochemical analysis and phenolic
content.

MATERIALS AND METHODS

Collection of Samples

Green and roasted coffee beans of Coffea arabica, Coffea robusta and Monsooned Malabar were bought online from
Amazon. The roasted Arabica beans and roasted robusta beans were from Coorg (Karnataka) and Travancore (Kerala)
respectively. Both were freshly roasted on the day before delivery. The monsooned Malabar were the homestead spices from
Western Ghats region of Kerala.

Brewing Methods implemented for Green Coffee:

Green coffee beans of coffee Coffea arabica and Coffea robusta were grounded to make powder in a regular grinder and
used for all methods except for 10" i.e overnight brewing for which coffee beans were directly used. Coffee infusions were
prepared by following various recipies:

1. Soft Infusion: In this method, 1g of coffee powder was added to 15 ml of distilled water and kept at 75-80°C for
3-5 minutes [35].

2. Hard Infusion: In this preparation method, 1g of coffee powder was infused in 15 ml of distilled water and kept
75-80°C for 25-30 minutes [11].

3.  Ambient Infusion: This method involves infusion of 1g of coffee powder in 15 ml of distilled water at room
temperature for 30-40 minutes [34].

4. Cold Infusion: In this method, 1g of coffee powder was infused in distilled water at room temperature for 15
minutes and then refrigerated at 8-10°C for an hour [34].

5. Decoction Method: 1g of coffee powder was added to 15 ml of distilled water and boiled for 3-4 minutes and then
cooled down for 30 seconds [34].

6. Chilled Green Coffee: 1g of coffee powder was brewed in distilled boiling water for 2-5 minutes and was then
kept in refrigerator at 8-10°C for an hour [34].

7. Cold Cocktail: In this, 1g of coffee powder was infused in 40% ethanol for 15 minutes and then filtered. Filtered
infusion was refrigerated for an hour at 8-10°C [34].

8. Hot Cocktail: In this alcoholic infusion, 1g of coffee powder was added to 40% ethanol and kept at room
temperature for 15 minutes followed by heating up to 50-55°C [34].

9. Pour-over method: In this method, 1g of coffee powder was directly kept on filter paper; hot water was poured
over it and collected.

10. Overnight Brewing: 10g of coffee beans were soaked in 150 ml of distilled water overnight. Mixture was boiled
on high flame. After on boil, it was simmered on low flame for 15 minutes giving occasional stir. Mixture was
cooled completely and filtered to remove beans.

11. French Press: For this method, a press pot or a coffee plunger device was used. The pot was placed on a flat
surface, plunger was pulled out and 1g of coffee powder was added and boiling hot water was gently poured
inside. Then the plunger was reinserted in to the pot on the surface of the coffee beverage and plunged down after
5 minutes. Once the press plunger was put down, sample of coffee was taken for analysis [11].

Preliminary phytochemical screening for the presence of secondary metabolites:

Both water and Alcohol (Ethanol) were used as solvents for the preparation of sample infusions for screening of
phytochemicals. Whereas, time given for brewing was 1, 2, 4, 8 and 16 minutes. Only infusion with brewing time of 1 min
and 16 min were screened phytochemically for the presence and absence of secondary metabolites (both green and roasted
coffee) and thereafter Total Phenolic Content and Total Flavonoid Content were measured (green coffee).
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1. Test for Saponins: Foam Test: To 1 ml of brewed sample, 3ml of distilled water was added and shaken
vigorously for 2 minutes. Frothing persist on warming indicates the presence of saponins [36].

2. Test for Tannins: Ferric chloride Test: To 1 ml of sample few drops of 1% FeCl; solution were added.
Occurrence of blue black, green or blue green precipitate indicates the presence of tannins [37].

3. Test for Steroids: Liebermann — Burchard Test: To 1 ml of sample, 2-3 ml of chloroform was added and then
equal volume of H,SO, was added carefully along the sides to form two different layers. Turning of upper layer
red and yellow green fluorescence at sulphuric acid layer indicates the presence of steroids [38].

4. Test for Flavonoids: NaOH Test: 2 ml 10% NaOH was added to 1 ml of sample. Intense Yellow colour obtained
which changes to colourless on adding 1% HCI indicates the presence of flavonoids [39]

5. Test for Terpenoids: Liebermann — Burchard Test: To 1 ml of sample 2-3 ml of chloroform was added and
then equal volume of H,SO, was added carefully along the sides to form two different layers. Formation of
reddish-violet colour indicates the presence of Terpenoids [38].

6. Test for Naphthoquione: To 1 ml of sample, a few drops of 10% KOH were added. Formation of blue-black
colour indicates presence of Naphthoquione.

7. Test for Inulin: To 1 ml of sample a-napthol and H,SO, solution was added. Formation of brownish colour
indicates the presence of Inulin.

8. Test for Alkaloids: Wagner’s Test: 29 of lodine and 6g of Potassium lodide were dissolved in 100 ml of distilled
water and stored in dark. To 1 ml of solvent, 2 ml of the prepared solution was added. Formation of brown and
reddish brown colour indicates the presence of Alkaloids [40].

9. Test for Phenols: Ferric chloride Test: To 1 ml of sample 5 ml of distilled water and 1-2 drops of 1% FeCl;
were added. A red blue-green or purple colour indicates the presence of Phenols [41].

Preparation of standard solution:

1g of Quercetin was dissolved in 100 ml of methanol separately to get 1% solution of Quercetin (10 mg/ml) termed as
standard solution.

Determination of Total Flavonoid Content (TFC):

Total flavonoids of the infusions were determined by using aluminium chloride spectrophotometric analysis [42] with slight
modifications. 100 pl of the samples were raised up to 1 ml and then diluted by 2 ml of methanol. Mixture was mixed with
0.1 ml of 10% (w/v) aluminium chloride solution and 0.1 ml of 1 M potassium acetate solution. The mixture was kept at
room temperature for 30 minutes. Then the maximum absorbance was measured at 415 nm using UV-Visible
spectrophotometer. TFC was calculated from the calibration curve, and the results were expressed as mg of Quercetin
equivalent per g weight [43].

Determination of Total Phenolic Content (TPC):

Total phenolics were determined by using Folin-Ciocalteau reagent [44] with slight modifications. 100 pl of the coffee
infusions were made up to 1 ml with distilled water, mixed thoroughly with 2.5 ml of 20 % (w/v) sodium carbonate for 10
min, followed by the addition of 200 pl of Folin-Ciocalteau reagent. The mixture was allowed to stand further for 30 min in
dark at room temperature and absorbance was measured at 750 nm using UV-Visible spectrophotometer. TPC was
calculated from the calibration curve, and the results were expressed as mg of Quercetin equivalent per g weight [45].

STATISTICAL EVALUATION

To estimate the accuracy of the experimental data, each experiment was performed in triplicates, and the
result was expressed as the mean * standard deviation of three replications. P < 0.05 was considered as
statistically significant.

RESULTS & DISCUSSION:

Arabica coffee (Coffea arabica) and robusta coffee (Coffea canephora) have different growing conditions and chemical
composition, and thereafter organoleptic properties, particularly taste and smell, of their beans and infusions are also
different [46].

Green and roasted coffee Coffea arabica and Coffea robusta and roasted Monsooned Malabar coffee were brewed for
different times 1,2,4,8 and 16 in distilled water and ethanol. The coffees brewed for 1 minute and 16 minute were initially
screened phytochemically to detect the presence of different secondary metabolites.

Phytochemicals are various active compounds found in plants which have been used in a variety of industrial as well as
commercial applications, since synthetic compounds do have side effects. Phytochemicals of plants show different biological
activities, which play an important role in the protection against chronic diseases [47]
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Phytochemical screening was done to observe the presence of secondary metabolites like saponins, tannins, terpenoids,
steroids, napthoquione, inulin, flavonoids, alkaloids and phenols. Initially saponins were found to be absent in both green
coffee Coffea arabica(Figure 06) and Coffea robusta (Figure 07) regardless of the solvent in which it was brewed but it was
present in roasted Coffea robusta and roasted monsooned Malabar brewed in water for 1 min and 16 min (Figure 10).
However roasted robusta (Figure 09) and roasted Malabar in ethanol gave no positive results for saponins and roasted Coffea
arabica (Figure 08) brewed for 16 min in water was positive for the same. Tannins and Inulin were present in all the samples
for both the solvents. Steroids were seen positive in all the brews except green coffee Coffea robusta brewed in ethanol for
both the times and also in roasted monsooned Malabar brewed in ethanol for 1 minute. Terpenoids were found to be absent
in all the samples with no exceptions. However napthoquione showed an irregular trend as it was completely absent in both
green coffee Arabica and Robusta brewed in water and ethanol. It was present in roasted coffee Arabica brewed for 1 min in
water and ethanol but was absent in 16-minute brew of both. The roasted coffee Robusta and roasted Malabar brewed for 1
and 16 min in water were seen positive for napthoquione but the same brewed in ethanol showed no results. Previous studies
suggest that Tannins, Terpenoids, Flavonoids and Alkaloids were present in Green Coffee, while saponins were absent in the
sample under investigation [48].

Alkaloids, flavonoids and phenols were present in all the samples. Infact, green coffee Coffea robusta brewed in distilled
water showed a double positive for all the three metabolites. Also the yellow colour of the precipitate in the test for
flavonoids was even more intense in coffees brewed for 16 mins in distilled water than the ones brewed for 1 minute. This
gave us the idea of increase in flavonoid content with increase in brewing time. Also same trend was seen in phenols.
Therefore, we further subjected all the coffees i.e. green and roasted coffee Coffea arabica and Coffea robusta and roasted
monsooned Malabar for quantitative analysis of total flavonoid content and total phenolic content (Table 03-12 and Figure
06-10).

In plants, there are about 8000 known phenolic compounds with aromatic ring produced as secondary metabolites. They
protect the plant against pathogens and abiotic stress such as changes in temperature, water content, exposure to UV light
and deficiency of mineral nutrients.(F).The level of individual phenolic compounds normally depends on the maturity of the
beans and a smaller degree, on the composition of the soil, climatic conditions and agricultural practices related to the coffee
bush [17, 49].

Total flavonoids content and total phenolic content was determined by spectrophotometric analysis using aluminium
chloride and sodium carbonate respectively. Quercetin was used as the standard for both (Figure 11 and 12).

Different brewing methods were performed for green coffee Coffea arabica and Coffea robusta. These infusions were then
subjected to determine the total flavonoids and phenols (Figure 01 and 03).

For green coffee Coffea arabica the decoction method was reported to have the maximum flavonoid content of 69.24 mg
QE/qg of coffee, second being the chilled green coffee of value 61.65 mg QE/g of coffee. Lowest being the pour over method
i.e. 7.53 mg QE/g of coffee. Rest of the methods laying in between these two were having flavonoid content in the range of
14-36 mg QE/g of coffee. Similar trend was seen in the phenolic content with decoction method having the maximum of
108.67 mg QE/qg of coffee, chilled green coffee being the next having 101 mg QE/g of coffee and pour over method having
the lowest of value72.78 mg QE/g of coffee (Table 01 and Figure 02).

Same brewing methods were performed for green coffee Coffea robusta but the values seen were quite different from green
coffee arabica, the best being overnight brewing method with value of 57 mg QE/g of coffee. Next value being 53.23 mg
QE/qg of coffee for Hard infusion method. However lowest flavonoid content was seen in cold cocktail method i.e. 10.35 mg
QE/g of coffee and the pour over method being very close to it with value 10.59 mg QE/g of coffee. The phenolic content
was obviously more than the flavonoid content but had a different trend. The overnight brewing method and chilled green
coffee had similar value of 93.33 mg QE/g of coffee. There was a slight difference in the values of cold cocktail method and
pour over method i.e. 71.89 mg QE/g and 71 mg QE/g of coffee respectively (Table 02 and Figure 04).

It is important that the brewing time must be exactly controlled. Improper brewing time can be one of the reasons that
people get different results while preparing coffee. If the extraction time is shortened, we'll fail to dissolve the essential
flavour compounds. Again, over-extraction of the same will dissolve too many of the undesirable compounds (50).

There is important exception to "exact brewing time". About 90 % of the solubles are extracted during the early phase of the
brewing process [50].

The amount of time that the water is in contact with the coffee grounds is another important flavor factor. In a drip system,
the contact time should be approximately 5 minutes. If one is making your coffee using a French Press, the contact time
should be 2-4 minutes. Espresso has an especially brief brew time — the coffee is in contact with the water for only 20-30
seconds. Cold brew, on the other hand, should steep overnight (about 12 hours) [51].

After different brewing methods for green coffee arabica and robusta, all the coffees including green and roasted coffee
Coffea arabica (Figure 05), Coffea robusta and roasted monsooned Malabar were brewed for 1,2,4,8 and 16 minutes in
distilled water and ethanol and then subjected for quantification of flavonoids and phenols.

An increasing trend was seen in the flavonoid and phenolic content and with increase in time of brewing with distilled water.
However, brewing in ethanol showed different results. It seemed to increase first and then started decreasing, with 4 min
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brewing showing the maximum value in case of roasted coffee, but for green coffee the trend was same as observed with
distilled water.

TPC and TFC might be related with antioxidant activity [52]. Green coffee Coffea arabica exhibited more amounts of
flavonoids and phenols than green coffee Coffea robusta. However roasted coffee Coffea robusta showed more amounts of
polyphenols than roasted coffee Coffea arabica for brewing in distilled water, while reverse in case of brewing with ethanol
as a solvent. As far as green and roasted coffee of the same species is compared, roasted coffee gave the presence of more
phenols as compared to green, when brewed in distilled water. But, using ethanol as a brewing solvent showed more
presence of phenols in case of green than in roasted.

Flavonoids content varied from 11.9 to 34.5 mg QE/g of coffee and 21.1 to 35.3 mg QE/g of coffee for green and roasted
coffee Coffea robusta respectively, when brewed in distilled water. Same trend was observed for the phenolic content i.e.
62.8 to 78 mg QE/g of coffee and 83 to 92.5 mg QE/g of coffee for Green and roasted Robusta coffee respectively. When
solvent was changed from distilled water to alcohol, the trend in flavonoid and phenolic content was reversed. TFC varied
from 6.5 to 10.1 mg QE/g of coffee for green coffee robusta and 3.6 to 7.6 mg QE/g of coffee for roasted coffee robusta. In
the present study, TPC was found to be present in more amounts and increased with time in green coffee robusta than roasted
coffee robusta when brewed in alcohol as a solvent i.e. 63.3 to 68.9 mg QE/g of coffee. Whereas, for roasted coffee robusta,
a decreasing trend was found for brewing in ethanol i.e. 64.6 to 55.5 mg QE/g of coffee (Table 14 and 14 & Figure 14 and
16) which was quite different from TPC in ethanolic extract of arabica green coffee from Toraja, Lintong, and Mandailing
were 28.31, 13.74, and 70.55 g GAE/100 g (52). In another study, it was reported that TPC in arabica coffee which were
extracted using isopropanol-water (80:20), (70:30), (60:40) were 23.29, 28.71, 32.19% GAE, while TPC in robusta coffee
were 22.89, 26.19, 31.71% GAE. TFC in the present study demonstrated that ethanolic arabica coffee extract of Toraja,
Lintong and Mandailing were 3.57, 3.60, 5.86 g QE/100 g and their TCC 0.17, 0.28, 0.24 g BE/100 g, respectively [53].

As far as Coffea arabica was kept into consideration, initially the brewing trend with distilled water was same as seen in
Coffea robusta. Both TFC and TPC were found to be present more for roasted coffee arabica, being 19.5 to 35.1 mg QE/g of
coffee and 82 to 88 mg QE/g of coffee respectively as compared to green coffee, where both TFC and TPC increased with
brewing time i.e. 18.9 to 40.1 mg QE/g of coffee and 71.6 to 83.4 mg QE/G of coffee respectively. When brewed in ethanol
for the given time intervals, both flavonoid and phenolics were found to be more in green coffee then in roasted coffee.
Flavonoids in green and roasted coffee when brewed in ethanol were increased from 10.9 to 14.7 mg QE/g of coffee and 3.8
to 8.2 mg QE/g of coffee respectively. Phenolic content for green coffee was found to be maximum when brewed for 2 mins,
and afterwards it decreased to 79.8 mg QE/g of coffee and then it was found to be 84.1 mg QE/g of coffee. Therefore, no
consistent trend was observed. In case as roasted arabica coffee, the phenolic content was found to be increase from 1 min to
4 min i.e. 66 to 71.7 mg QE/g of coffee, and then it decreased to 63.3 mg QE/g coffee with increase in time to 16 mins
(Table 15 and 17 & Figure 15 and 17).

For Monsooned Malabar, Total Flavonoids and Phenolics increased with time when brewed in distilled water i.e. 17.1 to
35.3 mg QE/g of coffee and 71.5 to 84.8 mg QE/g of coffee respectively. Same trend was observed for Flavonoids when
brewed in ethanol- 3.5 to 9.2 mg QE/g of coffee. But as Phenols are considered when brewed in alcohol, the content
increased till 4 min brewing — from 60 to 65.6 mg QE/g coffee and then it decreased till 16 min - 61.7 mg QE/g of coffee
(Table 13 and Figure 13).

RABICA PRABICA A’RAE\.':A ARABICA ARABICA
A5 18a58 N \BAR g et §. HOT 1. Pour - 1 OVERNIGHT 1. FRENO]
ooy e Winet W QT e Bl Exow | Moo [sesond |6 pRges
'itm" i o i "cl:ﬁ:\‘\'\-i AN 2{12) 20)3 1)) 203 12)afao3 2112208 2.2 20
Fisckailsl Tologn ResheMT oo imclea Frsoley i
 ——
— v‘
- P W
e — —

g = 2 —— == N

Figure 01: (1) and (2) representing the coffee extracts of Coffea arabica prepared after all the eleven
brewing methods implemented.
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Total Flavonoid Content Total Phenolic Content
Brewing Methods (mg QE/qg of coffee) (mg QE/qg of coffee)

Hard Infusion 35.76
———
Cold Infusion 27.53 89.78
Decoctionmethod 6924 10867
Chilled Green Coffee 61.65 101
‘ColdCocktal 13 8%
Hot Cocktail 25.77 92.44
Pourovermethod 788 18
Overnight Brewing 22.06 88.67

Table 01: Total Flavonoid and Phenolic Content in various brewing methods in Green coffee Coffea
arabica.

TFC and TPC for different Brewing Methods in Green Coffee Coffea Arabica
=0 10887 o1 100.78
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Brewing Methods Implemented

Figure 02: Total Flavonoid and Phenolic Content in various Brewing Methods followed for Coffea
Arabica
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Figure 03: (3) and (4) representing the coffee extracts of Coffea robusta prepared after all the eleven
brewing methods implemented.

Total Flavonoid Content Total Phenolic Content
Brewing Methods mg QE/g of coffee mg QE/g of coffee

Soft Infusion 27.65 78.33
Hard Infusion 53.23 89.11
Ambient Infusion 21.3 77

Cold Infusion 24.76 77.44
Decoction method 47.47 93

Chilled Green Coffee 45.24 93.33
Cold Cocktail 10.35 71.89
Hot Cocktail 11.65 73.78
Pour over method 10.59 71

Overnight Brewing 57 93.33
French press 18.18 74.11

Table 02: Total Flavonoid and Phenolic Content in various brewing methods in Green coffee Coffea
robusta.
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306 Figure 05: Showing coffee extracts prepared after brewing for 1, 2, 4, 8 and 16 minutes of green coffee
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Figure 06: (5-15) Phytochemical screening for the presence of secondary metabolites of green coffee
Coffea arabica for 1 min and 16 min in Ethanol and distilled water.
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Steroids p p

Flavonoids p pp

Terpenoids a a
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Inulin p

Alkaloids p

Phenols p pp
321
322 Table 03: Results showing Phytochemical screening for the presence of mentioned secondary metabolites
323 of green Coffee Coffea Arabica brewed in Distilled Water for 1 and 16 minutes.
324
325
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Tannins p pp

Steroids p p

Flavonoids p pp

Terpenoids a a
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Inulin a p
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326 Table 04: Results showing Phytochemical screening for the presence of mentioned secondary metabolites
327 of green Coffee Coffea Arabica brewed in Ethanol for 1 and 16 minutes.
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Figure 07: (16-25) Phytochemical screening for the presence of secondary metabolites of green coffee
Coffea robusta for 1 min and 16 min in Ethanol and distilled water.
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350
351 Table 05: Results showing Phytochemical screening for the presence of mentioned secondary metabolites
352 of green Coffee Coffea robusta brewed in Distilled Water for 1 and 16 minutes.
353
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Tannins
Flavonoids p p
Napthoquione a a
Alkaloids p p
354
355 Table 06: Results showing Phytochemical screening for the presence of mentioned secondary metabolites
356 of green Coffee Coffea robusta brewed in Ethanol for 1 and 16 minutes.
357
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364 Figure 08: (26-34) Phytochemical screening for the presence of secondary metabolites of roasted coffee
365 Coffea arabica for 1 min and 16 min in Ethanol and distilled water.
366
367
Secondary Metabolite 1 min 16 min
Saponins p a
Tannins p p
Steroids p p
Flavonoids p p
Terpenoids a a
Napthoquione p a
Inulin p p
Alkaloids p p
Phenols p p
368
369 Table 07: Results showing Phytochemical screening for the presence of mentioned secondary metabolites
370 of roasted Coffee Coffea arabica brewed in Distilled Water for 1 and 16 minutes.
371
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373

374 Table 08: Results showing Phytochemical screening for the presence of mentioned secondary metabolites
375 of roasted Coffee Coffea arabica brewed in Ethanol for 1 and 16 minutes.
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382 Figure 09: (35-43) Phytochemical screening for the presence of secondary metabolites of roasted coffee
383 Coffea robusta for 1 min and 16 min in Ethanol and distilled water.

Secondary Metabolite

Saponins p
Tannins p
Steroids p
Flavonoids p
Terpenoids a
Napthoquione p
Inulin p
Alkaloids p
Phenols p
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384

385 Table 09: Results showing Phytochemical screening for the presence of mentioned secondary metabolites
386 of roasted Coffee Coffea robusta brewed in Distilled Water for 1 and 16 minutes.

Secondary Metabolite

Saponins a
Tannins p
Steroids p
Flavonoids p
Terpenoids a
Napthoquione a
Inulin p
Alkaloids p
Phenols p
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387

388 Table 10: Results showing Phytochemical screening for the presence of mentioned secondary metabolites
389 of roasted Coffee Coffea robusta brewed in Ethanol for 1 and 16 minutes.
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395
396 (50) (51) (52)

397 Figure 10: (44-52) Phytochemical screening for the presence of secondary metabolites of roasted coffee
398 Malabar for 1 min and 16 min in Ethanol and distilled water.

399
400
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Saponins p p
Tannins p p
Steroids p p
Flavonoids p p
Terpenoids a a
Napthoquione p p
Inulin p p
Alkaloids p p
Phenols p P
404 Table 11: Results showing phytochemical screening for the presence of mentioned secondary metabolites
405 of roasted Coffee Monsooned Malabar brewed in Distilled Water for 1 and 16 minutes.
Saponins a a
Tannins p p
Steroids a p
Flavonoids p p
Terpenoids a a
Napthoquione a a
Inulin p p
Alkaloids p p
Phenols p p
406
407 Table 12: Results showing phytochemical screening for the presence of mentioned secondary metabolites
408 of roasted Coffee Monsooned Malabar brewed in Ethanol for 1 and 16 minutes.
409
Total Flavonoid Content Standard of Quercetin
2
1.8 y =0.0174x
E 16 R?=0.985
~ 1.4
=12
8 1
§ 0.8 OD @ 417
é 0.6 — Linear (OD @ 417)
<04
0.2
0
0 50 100 150
Volume of Quercetin in pl
410

411 Figure 11: Standard for Total Flavonoid Content.
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Total Phenolic Content Standard of Quercetin
1
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g 02
0.1
0
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Volume of Quercetin in pl
412
413
414 Figure 12: Standard for Total Phenolic Content.
(imin | 1711] 7155| 358| 60
2152 | 7333 65.66
415
416 Table 13: Total Flavonoid and Phenolic Content variation in roasted coffee Monsooned Malabar with
417 time and solvents.
Variation in TFC & TPC of Monsooned Malabar with time and
Solvents
90 - 84.55 84.88
80 1 71.55 71.88 73.33
270 64.66
E 60 -
5 50 - = Water TFC
540 - = Water TPC
?,, 30 1 i Ethanol TFC
20
E Ethanol TPC
10
O ;
1 min 2 min 4 min 8 min 16 min
Brewing time
418
419 Figure 13: Total Flavonoid and Phenolic Content variation in roasted coffee Monsooned Malabar with
420 time and solvents.
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422
1189 | 6278 63.33
24.41 74.11 20.41 77.33
423
424 Table 14: Total Flavonoid and Phenolic Content variation in green coffee Coffea robusta with time and
425 solvents.
426
Variation in TFC & TPC of Green coffee Robusta with time and
Solvents
207 733 77.22 78
80 - 70,78 74117 :
y 70 - 62.783.33 63.89
% 60
% 50 ® Water TFC
‘\uj’ 40 = Water TPC
Q30 = Ethanol TFC
€ 20
 Ethanol TPC
10
0
1 min 2 min 4 min 8 min 16 min
Brewing time
427
428 Figure 14: Total Flavonoid and Phenolic Content variation in green coffee Coffea robusta with time and
429 solvents.
430
18.94 71.67 10.94 76.56
32.76 1935 | 83.89
83.44
431 Table 15: Total Flavonoid and Phenolic Content variation in green coffee Coffea arabica with time and

432 solvents.
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Variation in TFC & TPC of Green coffee Arabica with time and
Solvents
100
90 4 8756 518389 83,9 oo 83.484.11
6.56 79 ~
o 80 - 71.6;
[
e 70
3 60
%5 5 ® Water TFC
5 10 = Water TPC
(04
o 30 - u Ethanol TFC
€ 20
® Ethanol TPC
10
0
1 min 2min 4 min 8 min 16 min
Brewing Time
433
434 Figure 15: Total Flavonoid and Phenolic Content variation in green coffee Coffea arabica with time and
435 solvents.

436 Table 16: Total Flavonoid and Phenolic Content variation in roasted coffee Coffea robusta with time and

437 solvents.
Variation in TFC & TPC of Raosted coffee Robusta with time
and Solvents
100 8822  89.88 9022 9255

3

=

3 55.55

5 u Water TFC

= = Water TPC

% u Ethanol TFC

64 Ethanol TPC
1 min 2 min 4 min 8 min 16 min
Brewing time

438
439
440 Figure 16: Total Flavonoid and Phenolic Content variation in roasted coffee Coffea robusta with time and
441 solvents.
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443

444
445

446

447

448

449
450

451

452
453

455
456
457

458

459
460
461
462

464
465
466
467

Water Ethanol
Time | TFC TPC TFC TPC
1 min 19.52 82 3.88 66
2 min
4 min
8 min
16 min 35.11 88 8.29 63.33

Table 17: Total Flavonoid and Phenolic Content variation in roasted coffee Coffea arabica with time and
solvents.

Variation in TFC & TPC of Roasted coffee Arabica with time and
Solvents

100 -
90 1 82 84.33
80
70
60
50
40
30 -~
20
10

0

85.77 86.77 38

B Water TFC

B Water TPC

u Ethanol TFC
Ethanol TPC

mg QE/g of coffee

1 min 2 min 4 min 8 min 16 min
Brewing time

Figure 17: Total Flavonoid and Phenolic Content variation in roasted coffee Coffea arabica with time and
solvents.

CONCLUSION:

We, the authors reach a conclusion that instead of using the general brewing methods that are used till date, the mentioned
methods in the paper can also be used for brewing coffee according to taste. Moving towards brewing time, it may be
increased according to purpose for which one is consuming coffee for. Apart from that, we will like to conclude that alcohol
may also be used as a solvent for brewing for both green and roasted coffee.
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