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Abstract

The object of our relationship is the extraction of polyphenols from
coffee grounds. Coffee is a drink consumed all over the world and the
coffee  plant  has  origins  in  different  regions  of  the  world.  Coffee
contains caffeine, an alkaloid natutally present in many plants, which
together with its metabolites causes stimulating effects on the cerebral
cortex, facilitates mental processes, improves mood. But coffee also
contains  other  important  substances  such  as  polyphenols  that  have
innumerable  beneficial  functions  for  our  body,  as  an  antioxidant
activity, anti-cancer, capacity to limit the absorption of heavy metals. 
The  experiment  we  conducted  in  the  laboratory  provided  for  the
determination of the content of polyphenols in coffee grounds, part of
the coffee that is usually considered a waste but which can be reused
in a variety of ingenious ways. 
The content of the phenols compounds was carried out by extraction
with water and ethanol.



Intruduction

Coffee  comes  from Ethiopia  and is  known from the  tenth  century. Through
Yemen, the habit of drinking coffee spread to Muslim countries, from where it
reached Europe. In 1647, the first  European cafe was opened in Venice.  The
growing  popularity  of  coffee  and  the  difficulties  of  trading  with  the  Arabs
contributed to the initiation of its cultivation in colonial plantations. The first
was founded in 1690 by the Dutch in Java, however the Brazilian plantations
developed  the  most.  Currently,  shrubs  are  grown  in  the  countries  of  Latin
America and Central America, Asia and central Africa. There are two types of
coffee which have commercial significance: Coffea arabica and Coffea robusta,
in both there are many varieties. Two-thirds of the total production is Arabica,
which is more preferred due to the milder flavor. Robusta, on the other hand, has
a higher resistance to diseases, it also contains about two times more caffeine
than arabica. Thanks to the lower price, it is often used to produce soluble coffee
[Żukiewicz-Sobczak et al., 2012].

                                 



The most important stage in the production of coffee is the process of burning
(roasting) raw coffee beans. In this process, the characteristic, desirable taste,
aroma and the color of the roasted coffee are formed. There is a light (weak),
medium and dark (strong) degree of smoking. Light roasted coffee is preferred
mainly by consumers in the US and Scandinavia, dark roasted in Italy and Arab
countries  and medium roasted  coffee  in  other  European  countries  and Latin
America.  During smoking,  in  which the temperature  can reach up to  300°C
occurs, among others caramelization of sugars,  partial breakdown of proteins
and polyphenolic compounds. This leads to a complex mixture of substances,
called coffee oil or caffeol. It gives a roasted coffee a peculiar taste and aroma.
Coffee is rarely sold as a uniform species, usually mixtures of several species
and varieties often originating from different regions of the world. The higher
the share in the arabic type coffee mix, the more expensive it is. Mixing species
allows producers to obtain the flavor and aroma characteristic of a given brand,
as  it  is  constant  for  each  batch  of  the  product,  regardless  of  the  conditions
affecting the quality of the raw material in a given year. The aroma of roasted
coffee is shaped to a large extent by volatile substances, essential oils, which
have been identified in it  over 700. Differences  in aroma between particular
types  of  coffee  depend  significantly  on  the  mutual  proportions  of  these
substances [Kolanowski, 1998].

Coffee, especially ground coffee which we worked, quickly loses its aroma and
easily absorbs foreign odors and moisture, therefore it should be stored in sealed
packages.  However, the best  infusions  are obtained from freshly roasted and
freshly  ground  coffee.  There  are  many  methods  of  brewing coffee,  and  the
optimal  choice  is  an  individual  matter.  A widely  known,  highly  biologically
active substance found in coffee is alkaloid caffeine. A typical portion of the
infusion prepared from ground coffee contains about 120 mg of caffeine. Many
people drink coffee to trigger the effects of caffeine activity, which is why it can
be  said  that  it  is  a  desirable  ingredient.  Caffeine  and  its  metabolites  -
theophylline and theobromine - increase the secretion of neuromediators such
as: serotonin, GABA, ACTH, adrenaline and norepinephrine, thanks to which it
exerts  a  strong  stimulating  effect  on  the  cerebral  cortex,  facilitates  thought
processes, improves mood, removes fatigue, however, it makes it difficult to fall
asleep. It also improves the work of the heart muscle and widens blood vessels,
especially  the  heart,  brain  and  skeletal  muscles,  thus  increasing  their
susceptibility to physical effort. It also widens the bronchi to facilitate breathing,
diuretic action and increases body heat by accelerating metabolism. Due to such
effects, coffee is sometimes used as a doping agent in sport. In addition, caffeine
enhances gastric secretion, which may contribute to the development of gastric
and duodenal ulcer if the coffee is drunk on an empty stomach. This effect is



somewhat mitigated by the addition of cream or milk to coffee, which have an
alkalizing effect on the stomach content [Dworzański et al., 2011].

Caffeine  is  absorbed  fairly  quickly  from  the  digestive  tract  and  reaches  a
maximum concentration in the blood after about 20-30 minutes, its distribution
takes place in the liver, within 7-10 hours, however, it was shown that smoking
prolonged this process. The lethal dose of caffeine is high and amounts to 10 g
(about 80 cups of coffee). According to the British recommendations, however,
you should not take more than 650 mg per day (about 5-6 cups), and in the case
of pregnant women - no more than 300 mg (about 2 cups). Excessive intake of
caffeine may cause side effects such as excessive excitability, feeling of anxiety,
faster  breathing,  palpitations  or  increased  sweating.  It  also  influences  the
increase in calcium and magnesium leaching from the skeletal system, which
promotes the development of osteoporosis. Excess caffeine is not recommended
especially during pregnancy as it easily passes through the placenta with blood.
Immature  fetal  liver  poorly  metabolizes  caffeine,  which  inter  alia  it  inhibits
growth  hormone  activity  and  can  contribute  to  low  birth  weight.  Children
certainly should not consume coffee, because in addition to disturbing the proper
process of bone formation and growth, caffeine causes their excessive activity
(which in recent years has become a social problem) [Żukiewicz-Sobczak et al.,
2012].

A study conducted at the Harvard Medical School in Boston in 1989 shows that
coffee drinkers regularly experience significant caffeine intake and low intake of
moderate  amounts  of  coffee  to  raise  blood  pressure  and  the  incidence  of
arrhythmia in patients with heart arrhythmia. Undoubtedly, there are a number
of people sensitive to caffeine who react to it with increased ventricular or atrial
arrhythmia. For those who are afraid of excess caffeine in the diet, a technology
developed  to  produce  coffee  with  reduced  caffeine  content  -  the  so-called
decaffeinated.  In the production of such coffee,  caffeine is washed out using
usually chemical solvents (dichloroethane or trichloroethylene). Certain amounts
of  these  substances  unfortunately  remain  in  the  finished  product  and  are
suspected of being carcinogenic. Modern methods of producing decaffeinated
coffee,  consisting  of  the  extraction  of  caffeine  with  carbon  dioxide  in  the
supercritical  state,  give  the  product  free  of  harmful  impurities  [Kolanowski,
1998]. In our experiment to obtain extracts we used environmentally friendly
solvents: water and ethanol.

An important ingredient shaping the taste and aroma of coffee are polyphenolic
compounds. In roasted coffee there are about 8% (mainly chlorogenic, quinic
and coffee  acids).  Polyphenols  have  many  health-beneficial  properties.  Their
anti-cancer  activity  is  associated  with antioxidant  activity  and capturing free



radicals. They also exhibit inhibitory properties of LDL oxidative modification
and, consequently, cholesterol deposition in the wall of blood vessels and the
formation  of  atherosclerotic  plaque.  In  addition,  they  act  anti-inflammatory,
antibacterial and delay the breakdown of vitamin C in the body [Dworzański et
al., 2011]. However, these effects in the case of coffee polyphenols are weaker
than in those found in tea (especially green) or citrus fruits. Polyphenols also
have the ability to bind heavy metals from the diet, but at the same time limit the
absorption of iron. In addition, polyphenolic compounds to some extent affect
the absorption  of  proteins  with which they form insoluble  complexes  in  the
gastrointestinal  tract.  It  is  therefore  inadvisable  to  drink  coffee  during  or
immediately  after  meals,  especially  by  women  -  the  most  exposed  to  iron
deficiencies.  The  trigonelline  compound  present  in  coffee  beans  is  partially
decomposed  and  transformed  into  niacin  (vitamin  PP)  during  the  burning
process. There is a significant amount of niacin in roasted coffee, and a cup of
coffee may contain about 10% of the amount recommended as a daily intake of
this vitamin. Mineral coffee compounds are mainly potassium, a cup of coffee
contains 5-10% of its recommended consumption. Nearly 20% of the dry weight
of a coffee brew is a soluble dietary fiber. It has been found beneficial to the
body by accelerating the motility  of  the large  intestine several  minutes  after
ingestion of coffee, which reduces the risk of developing colon cancer. However,
dietary fiber inhibits the absorption of certain vitamins and minerals from the
diet. There are also harmful substances in coffee. These are traces of aromatic
hydrocarbons (eg benzopyrene), which arise in the process of burning coffee
beans and have carcinogenic properties, which may be not indifferent to health
in  the  case  of  high  consumption  of  coffee,  especially  by  sensitive  people
[Pieszko et al., 2015].

It has been shown that a significant intake of coffee is associated with a strong
increase in serum cholesterol. The diterpenes, mainly cafestol and kahweol, are
responsible for this effect.  There are large differences in the content of these
compounds in various types of coffee infusions. Most of them occur in boiled
coffee (Turkish) and poured with boiled water. These kinds of coffee infusions
boost cholesterol the most. However, this increase is small or does not occur at
all  when coffee is filtered through a paper filter and soluble coffee.  In these
infusions,  the  level  of  diterpenes  is  negligible.  It  has  been found that  when
filtering  coffee,  coffee  fat,  and  with  it  diterpenes,  settle  on  the  filter  paper
without going into the infusion. Instant coffee, which is a dried extract of natural
coffee,  during  the  production  process  is  almost  completely  deprived  of  fat,
including diterpenes. In addition to raising cholesterol levels, these compounds
also  interfere  with  the  proper  functioning  of  the  liver,  which  is  manifested,
among others, in increased serum liver transaminases, especially ALAT and, to a



lesser  extent,  ASPAT  [Wobszal,  Grzegorzewska,  2009].   An  important
disadvantage of coffee is its irritating effect  on the digestive tract.  For many
people,  after  consumption  of  coffee,  indigestion  symptoms  such  as  stomach
pains, heartburn, nausea, colic, pressure around the liver, etc. These symptoms
are caused by coffee compounds irritating from the group 5-hydroxytryptamides
of carboxylic acids.  Therefore,  people with gastric or  duodenal  ulcer  disease
should not drink coffee at all,  especially on an empty stomach.  Some coffee
companies, however, introduced a new type of coffee - with a reduced content of
irritants.  They  are  called  low-irritants,  mild,  saving  or  with  increased
bioavailability. The following can be found on the packaging of these coffees:
reizarm, mild, schoenende, light, etc. In the course of a specific technological
process, these species are deprived of some of the compounds included in the
lipid fraction of coffee, including responsible for irritating the digestive tract and
increasing the level of cholesterol in the blood serum, which makes them safer
for the health of potential consumers [Dworzański et al., 2011].

Materials and Metods

Objective: the objective of our experimental work in the laboratory was to 
determine the content of the phenolic compounds in the extract of the coffee 
grounds, which represents the raw material we have chosen as a plant matrix. 
The experiment included 3 basic steps:

• Determination of the humidity of the plant matrix using the 

gravimetric method;
• Solid-liquid extraction;
• Determination of the content of the phenolic compounds in the 

extract.

 Determination of the humidity of the plant matrix using the gravimetric
method

Materials
• shredded raw material
•  Petri dish without cap
• spatula



• dryer
• oven (103 ° C)
• analytical scale
• pen

Method

1.Take 3 Petri dishes and mark them with numbers from 1 to 3 
specifying what the raw material is, in our case: coffee. Weigh each
plate (without raw material) on an analytical scale and note the 
mass.

 2. Place approximately 0.3 g of raw material in each plate. Note 
the mass (wet sample mass). 

3. Collect the Petri dishes with the raw material in an oven at 103 ° 
C. 

4. After a certain period of time, about half an hour, withdraw the plates to
cool them in the dryer. Weigh them when they reach room temperature.

          5. Place the plates in the stove again and repeat the procedure described in
point 3, until the mass of the samples is constant (dry sample mass).
         6. Calculate the humidity of the samples, according to the following 
equation:
               Moisture,% = mass of wet sample (g) - dry sample mass (g) / wet 
sample mass (g) * 100.
         7. Present the results as a mean ± standard deviation.
          8. Accept the result as satisfactory if the coefficient of variation, CV 
<10%

                                            The results are shown in table 1.

                



Solid-liquid extraction

Objective: extraction of the compounds present in the raw material, according 
to the solvent used. 

Materials

• raw material (quantity to be defined)
• ball (volume to be defined according to the solid / solvent ratio)
• condenser
• flexible pipes for the circulation of water.
• Heating mantle
• stopwatch
• glass to weigh
• spatula
• test tube for solvent measurement
• pre-weighed preservation bottle with appropriate labels.

 Solvents 

• ethanol (volume to be defined according to the solid / solvent ratio)

• water

 methods

Extraction

1. Mount the extraction equipment. Use a condenser to avoid the loss of 
the extracted and solvent compounds during extraction.

2. Weigh the raw material (1.5 g) and introduce it into the ball very carefully so 
that it remains all in the lower part of the ball. Use a paper funnel.
3. Measure the solvent volume and place it in the ball. Connect to the condenser.



In our case the ratio between mass and solvent must be 1:20. 
therefore if we use 1.5 g of raw material, we need to add 30ml of 
solvent.

4. Open the tap to let the water flow through the condenser.

 5. Connect the heating mantle.

 6. As soon as it starts boiling, decrease the temperature of the mantle and 
start counting the time.

 7. Check the whole system during the extraction time (30 min). 

8. Finally disconnect the mantle and allow the system to cool down by 
holding down the water tap for the condenser.

 9. Measure the volume of extract, using a tube of the appropriate volume.

10.Keep the extract in a properly labeled bottle. The label must contain 
the following information: raw material, solvent, extractor, solid-solvent 
ratio, extraction temperature, extraction time, date, name of the pupils, 
name of the professor, name of the university.

   Extraction data are shown in table 2.

Determination of extraction yield

1. For each extract obtained, weigh 3 clean and dry eppendorfs.
           2. To ensure that the extract remains homogeneous, remove an aliquot
(small  volume)  of  1 mL of extract  for  each of  the 3 eppendorf.  Repeat  this
procedure for all the extracts obtaine
          3. Place the eppendorf in a 40 ° C oven (to evaporate the extraction
solvent without damaging the extract)
          4. After drying, weigh the eppendorfs (it will take several days).
          5. Calculate extract sludge corresponding to 1 mL of extract.
          6. Calculate the extract mass corresponding to the total volume of extract
obtained.
           7. Calculate the extraction yield, on a dry basis, ie represent the data
using the following equation:



extraction yield,% = mass of the extract (g) / mass MP on a dry basis (g) * 100 

where is it: 

 mass MP based on secc (g) = mass MP on a wet basis (g) * (100-humidity (%) /
100) 

The results are shown in table 3.

Determination of the content of phenolic compounds in the extract.
Materials

• spatula
• precipitation glass of 500 mL
• test tubes
• support for test tubes
• automatic pipettes (100μL; 1μL; 5μL)
• spectrophotometer and plastic cuvettes
• vortex
• stopwatch

 Solvents and standards

• distilled water

•  Folin-Ciocalteu reagent 

• Na CO  99.9% ₂ ₃

• Ethanol 99.5% 

• standard of the phenolic compound (galic acid) 

Method

Preparation of a 17% sodium carbonate solution (m / v):
1. weigh 17 g of Na CO  and dissolve in 100 mL of water, keeping under ₂ ₃
stirring until the complete dilution of the carbonate.

Preparation of a standard solution of gallic acid (1.6mg / mL)



1. 1. weigh 3.2 mg of gallic acid and dilute in 2 mL of ethanol. This is a 
mother solution of gallic acid.

Preparation of the extracts for analysis
• dilute the extracts in pure ethanol (or water), extraction solvent. Use 

vortex and ultrasound (if necessary) to ensure complete dissolution of the 
extract. The concentration of the extract solution should be the same as 
the absorbance of the test between 0.2 and 1.0 and depends on the phenol 
content: how much the higher the phenol content, the lower the 
concentration must be.

• Add water (or ethanol) to obtain an extract diluted in 50% ethanol (v / v)

for each extract obtained, use only 1 eppendorf and let it dry at 40 ° C. reserve 
the other two in case of repetition of the test.

Analysis of the standard-construction solution of the calibration curve.

1. Place 11 dry, sharp tubes in a test tube holder. One will be for "white", 
the other 10 for the calibration curve.

2. In the test tubes place 0 and 20μL (0,4,8,12,16,20) aliquots of solution and 
add ethanol to reach a volume of 20 μL. The first test tube will be the "white" 
which will be used to read absorbance in the spectrophotometer.
3. Add 1580μL of distilled water to all test tubes thereafter. Use a micropipette 
of 5000μL.
4. Start counting the time (with a stopwatch) at the same time as adding 100μL 
of Folina reagent to the first tube, the "white" (with a 200μL micropipette). 
Shake well. From 30 min to 30 seconds add Folina reagent to all other tubes, in 
order.

 5. Add 300μL of sodium carbonate solution in order in all tubes, with an 
interval of 30 seconds. Add the carbonate to the first tube when Folina is 
added to the second tube. 

6. Shake the solutions well.

 7. Place the test tubes in a bath for 30 minutes at 40 ° C. 



8. At the end of the 30 minutes, measure the absorbance of each sample in
the spectrophotometer, at 765 nm. Read every 30 seconds for the reaction 
to occur for exactly 30 minutes in each tube.

 9. Verify that the absorbance values are within the curve (0.2-1.0)

 10. construct the calibration curve. 

Analysis of the samples of the extract

1. in a test tube holder, place 1 + number of extractions * 3 clean and dry 
tubes.

           2. Place 20 μL of water in the first test tube. This test tube will be the 
"white" that will be used to read absorbance in the spectrophotometer.
           3. In the remaining test tubes, place 20 μL of the samples to be analyzed. 
Analyze 3 samples of each extract. Use a 200 μL micropipette

4. repeat the step 3-8 times explaining through the construction of the 
calibration curve.

          5. Verify that the absorbance values are in the curve (0.2-1.0). if not, 
repeat the test for a different concentration extract solution.
          6. Determine the total phenolic compounds content in the samples through
the equation determined from the calibration line made with gallic acid. The 
content is expressed in equivalents of gallic acid (gallic acid mass / extract mass,
in dry base). Represent the results as a mean ± standard deviation.

The results are shown in table 4 (pt1) and (pt2) and in graphs 1 and 2.



 Results and Discussion.

Sample Petri dish(g) Petri+humid
coffee(g)

Petri +dried
coffee(g)

Umidity(%)

1 51,582 51,909 51,716 60,8

2 50,558 51,018 50,744 59,5

3 40,092 40,421 40,223 60,2

Table 1-determination of humidity 

Media(%) = 60,2%                                     standard deviation= 0,53

Risult : humidity = 60,2±0,53 %

CV(%)=stardard deviation/ media = 0,88% 

 
the result is considered acceptable since the coefficient of variation is  < 10%.

Extraction Solvent Time(min) Temperature(°
C)

1 H20 30

2 EtOH 30



60

3 EtOH 25% 30

4 EtOH 50% 30

5 EtOH 75% 30

6 EtOH 50% 15

Tab 2-data of extraction yield.

tab.3- determination of extraction yield.







Grafic 1.

in this graphic we have the different concentrations of reagent used for the 6 
extractions on the x axis, while on the y axis we have the yield and phenol 
content, expressed as a percentage.
We can see that when pure water is used as a solvent and a low concentration of 
ethanol, the extracted phenol content is very high while the yield is low. Instead,
as the concentration of ethanol increases to pure ethanol, the yield increases, but 
the extracted polyphenol fraction is lower.  

grafic 2. 



In the second graph we represented the extraction carried out at 50% of ethanol 
but for two different times, once for 15 minutes and the other for 30 min. On the 
x axis the time is represented, on that of the ordinates the yield and the phenol 
content expressed in percentage is shown. We can see that if we only want to 
calculate the yield, it would be more correct to run the extraction for 15 minutes 
because the yield decreases from 15 to 30 minutes. On the other hand, to extract 
the phenol content it is advisable to carry out the extraction for 30 minutes 
because the percentage of phenols increases more than 10%. 

Conclusion

This experiment we conducted in the laboratory has allowed us to calculate the 
amount of polyphenols contained in the vegetable matrix that we have chosen as
starting material. It was interesting to follow the lessons in the laboratory step by
step and learn how to use the tools, which will come in handy for any other type 
of work. After working in the laboratory we recorded the data on an Excel 
worksheet and proceeded with the statistical calculations and the construction of
the graphs showing the final result.The content of polyphenols in vegetable 
matrices is very important for the metabolic, therapeutic and anti-oxidant 
properties, in particular the large number of anti-oxidants present in coffee can 
also help prevent neurodegenerative diseases and defense of cognitive functions.
Since coffee grounds are also an important source of polyphenols, they could be 
re-used in many different ways, which would contribute to reducing organic 
waste and improving good environmental practices.
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