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Abstract Keywords
The objective of this review is to determine the difference in caffeine content in 
the coffee beans from different brands that are available in Costco. Two different 
popular coffee bean brands were bought and tested to determine which brand would 
have the highest caffeine content and their relative popularity among consumers. 
The extraction DMC method was conducted by using chemicals such as calcium 
carbonate, water, and DMC. The same amount of coffee beans were boiled with 
water until highly concentrated solutions were formed. Extraction funnel was utilized 
to wash out caffeine. Then, the recrystallization and vacuum filtration was utilized 
to obtain caffeine in solid form. The identity of the product along with the purity of 
the product was determined using melting temp, IR-spectroscopy, UV-vis spectrum, 
and TLC plating. The mass of caffeine produced from individual coffee brands were 
measured and compared. It was hypothesized that robusta coffee beans would yield 
more caffeine than arabica coffee beans. The expected results verify those claims as 
the data demonstrates that the amount of caffeine extracted from 10 grams of robusta 
coffee would be around .8021 grams, while the amount of caffeine extracted from 10 
grams of arabica coffee would be around .4321 grams. The IR graph, UV-vis graph, 
and TLC plate were conducted to verify the identity of the product. The predicted 
IR graph, UV-vis graph, and TLC plate closely matched with the literature values, 
which indicates that the product produced is pure caffeine. One source of error that 
could skew the data could be the presence of impurities from the coffee beans that 
react in solution while we are trying to extract the caffeine. The broader impact of 
this review is that by understanding the caffeine content in different products, the 
medical and scientific field can further determine the difference in health effects 
between excess and optimal caffeine consumption to the human body. Additionally, 
scientists can research various medical usages of caffeine to help different patients 
with sleep disorders. 
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Introduction
Coffee has been embedded in Americans’ daily life for the past 
few decades. On average, American adults that are within the 
age range of 20-34 years old drink up to 5mg of caffeine each 

day [1]. Although caffeine has adverse effects on human health 
such as increased blood pressure [2], many people still choose 
to drink the beverage. Some drink for taste while some drink 
for the caffeine that gives them a biological boost that fuels 
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their entire day. However, the amount of money that people 
spend varies depending on their socioeconomic status and their 
objectives. Furthermore, some people might be given such a 
perception that a more expensive type of coffee bean would 
demonstrate better effects in generating more caffeine, giving 
the drinkers more fuel for the day. Therefore, this research 
is called to investigate if price correlates with the amount of 
caffeine produced by various coffee beans. The hypothesis for 
this lab experience is that there is no correlation between the 
price of the coffee beans and the amount of caffeine in the coffee 
beans. This is because caffeine beans can only produce a certain 
amount of caffeine and will plateau at a certain point. This is also 
due to the fact that the type of coffee bean is thought to have. 
Therefore, there should be no correlation between price and the 
amount of caffeine in the coffee beans. Arabica coffee beans 
have been known to have a caffeine (C8H10N4O2) composition 
of .9 to 1.3% per coffee bean, while robusta coffee beans have 
been known to have a caffeine composition of 1.51 to 3.33% 
per coffee bean [3]. Boiling the raw coffee beans will allow 
scientists to concentrate the caffeine content. This investigation 
compares the caffeine content in the arabica coffee beans from 
Costco to the caffeine content of robusta and liberica coffee 
beans bought from other sources. The extraction process took 
place under high pressures as this is extremely inefficient for 
extracting caffeine from coffee [4]. Lastly, IR spectrometer, UV-
vis spectrum, and computation via Avogradro’s systems were 
utilized to determine the identity of the substance. The broader 
impact of this study is that it will hopefully raise awareness 
of caffeine consumption within the general population as this 
study should help to determine the amount of caffeine present 
in each individual brand of coffee beans. 

Data

Scheme 1
Each Arabica coffee beans has 6 mg of caffeine and each 
arabica coffee is about 0.12gram 

Robusta coffee beans have about 2.2 percent of caffeine by 
weight or twice as much of Arabica coffee bean

Theoretical Yield of caffeine from Arabica coffee beans: 
10g/0.12g = 83.3 Arabica Coffee Beans 83.3 x 0.006 = 0.4998 
gram of C8H10N4O2

Theoretical Yield of caffeine from 0.4998 Robusta coffee 
beans: 0.4998 grams x 2 = 1 gram of C8H10N4O2

Table 3: TLC Plating and Rf values
Source of Caffeine *Expected Rf 
Arabica coffee beans 0.71
Robusta coffee beans 0.73
Theoretical(literature) Coffee 0.64

Discussion
Table 1 demonstrates the predicted melting temperature of the 
product C8H10N4O2

(caffeine) from both sources of coffee [7]. To distinguish the 
difference between the robusta and the arabica coffee, Table 2 
was made to identify the amount of caffeine produced by both 
brands of coffee [8]. From Table 3, it was determined that both 
predicted products from both coffee were more nonpolar than 
the literature product [9]. The slight difference between the 
predicted Rf values (0.71 and 0.73) compared to the literature 
Rf value (0.64) might indicate potential impurity within the 
product sample. This can be due to different errors such as 
equipment contamination, imprecise extraction method, and 
random errors due to measurement along with calculation 
inaccuracy. Figures 1,3, and 4 had peaks around 1700 cm-1 and 
1500 cm-1 which indicates that the product that was collected 
from both the robusta and the arabica coffee was relatively 
pure as caffeine should have peaks around those regions as 
the caffeine molecule has aromatic double bonds as well as 
carbonyl groups [10]. Alkane and Alkene stretches were also 
identified around 3100 cm-1 and 2900 cm-1 in both of the 
predicted IR graphs for the caffeine product. From Figure 2, 
the predicted UV-vis spectrum graph, the peak wavelength on 
the graphs was around 280 nm, which indicated the presence 
of a carbonyl group [11]. This structural composition closely 
matched the literature UV-vis spectrum for caffeine. The 

Table 1: Predicted Melting Temperature of Caffeine.
Melting Temp Trial 1 (oC) Trial 2 (oC) Literature (oC) Percent Error (%)
C8H10N4O2 from Arabica Coffee Beans 225-227 226-229 227-228 0.88%
C8H10N4O2 from Robusta Coffee Beans 225-228 224-227 227-228 1.10%

Table 2: Percent Yield of Caffeine.
Product Experimental Yield Theoretical Yield Percent Yield 
C8H10N4O2 from Arabica Coffee Beans 0.4321 grams 0.4998 grams 86%
C8H10N4O2 from Robusta Coffee Beans 0.8021 grams 1 gram 80%



77Appl Cell Biol, 9(3), 2021 [75-80]

Research Article

Figure 1: Literature IR Spectroscopy for C8H10N4O2.

Figure 3: Predicted IR Spectroscopy for C8H10N4O2
 from Arabica coffee beans	 .

Figure 2: Literature UV-vis Spectrum for C8H10N4O2.
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caffeine molecule has several carbonyl carbons. Therefore 
it can be deduced from both the UV-vis and IR data that the 
product that was collected was relatively pure . 

The percent error is relatively low when comparing the 
predicted to the literature melting temperature. This is 
because the products are relatively pure and concentrated. The 
average melting temperature of caffeine from arabica coffee 
beans is 227-228oC. The caffeine that was extracted from 
the robusta coffee beans demonstrated an average melting 
temperature of 226-228 oC [12]. The products had a slightly 
cooler melting temperature than what was expected, which 
can potentially indicate there are contaminations or impurity 
in the experimental sample. The source of error can be due to 
equipment contamination or procedural mistakes along the lab 
experiment. The caffeine that was extracted from the robusta 
coffee beans had an average melting temperature around 226oC. 
This is slightly cooler than the expected melting temperature, 
which can potentially indicate there are contaminations or 
impurity in the experimental sample. However, because the 
difference in temperature is extremely small the error could 
also be attributed to inconsities of the melting point apparatus 
that was used to determine these values experimentally.

Lastly, C=O ketone stretch was identified for the predicted 
IR graph and the literature graph [13]. Those stretches from 
the predicted graph closely matched the literature caffeine 
IR graph. This indicated that the product is relatively pure 
caffeine. This statement is additionally supported by the data 
that was collected. From the melting temp, IR-graphs, and 
UV-vis spectrum graph, it was determined that the product 
produced from the experiment is pure caffeine [14]. To further 
confirm the relative purity of product caffeine to the literature 
pure caffeine, a predicted TLC plate is done to compare the 

Figure 5: Predicted UV-vis Spectrum for C8H10N4O2 for 
Arabica coffee beans.

Figure 6: Predicted UV-vis Spectrum for C8H10N4O2 from 
Robusta coffee beans.

Figure 4: Predicted IR Spectroscopy for C8H10N4O2
 for Robusta coffee beans.
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purity of predicted product and literature product. Scheme 
1 was done to calculate the potential amount of caffeine 
produced by 10 grams of robusta and the arabica coffee. 
Literature values, such as how many grams of caffeine can be 
produced by a single coffee bean. Theoretical yield is further 
determined by calculating the exact caffeine amount that can 
be produced by 10 grams of coffee beans. From a literature 
source, it was determined that robusta coffee beans would 
produce twice as much caffeine than arabica coffee beans. 
Therefore, the predicted yield of caffeine for robusta coffee 
beans (0.8021grams) would be about twice as much as the 
arabica coffee beans (0.4321 grams) [15]. The percent yield 
of robusta coffee is about 80 percent while 86 percent for 
arabica coffee beans. The percent yield is medium and this 
could be due to a few errors happening throughout the lab 
such as the product was not able to be entirely extracted, a 
loss of product through vacuum filtration, a loss of product 
in the solution dissolving process, calculation mistakes, 
broken or contaminated equipment, and not being able to 
fully follow the protocol. However, this indicates that the 
extraction method is relatively efficient as the percent yield 
is around 80 percent. 

In comparing the two brands of coffee, it was determined that 
both brands of coffee (arabica and robusta) produce coffee with 
relatively similar purity. However, robusta coffee produces 
twice as much caffeine than arabica. This corresponds to the 
hypothesis as it is expected for robusta coffee to produce more 
caffeine. Although we were able to confirm our hypothesis, 
further research, maybe in the form of case reports, is needed 
in order to determine more about the effects of caffeine on the 
human body [16] Perhaps in the future AI software could also 
be used to help identify individuals who are addicted to caffeine 
and alleviate their symptoms [17-23]. Current literature may 
give us a decent understanding about the effects of caffeine, 
however additional research should still be conducted to verify 
those results [24]. 

Conclusion
This review demonstrated that the dichloromethane method 
was an efficient and reliable method of extracting caffeine 
from coffee beans. This method produced high yielding 
products from both brands of coffee beans, which reflects that 
this method can quickly produce analysis and observation. 
The IR and UV-vis spectrum graphs confirmed the identity of 
the product to be pure caffeine. The analysis of the TLC and 
melting point were indicative of a moderately reliable caffeine 
product, with some impurities, with both arabic and robusta 
coffee beans demonstrating a higher polarity in TLC and lower 
temperature in melting temperature. The impurities are likely 

a result of the additional chemical that is added into the coffee 
beans to artificially flavor the taste of the coffee. Calcium 
carbonate along with contamination in the equipment could 
be another source of error which they combined in the coffee 
solution, causing impurities within the caffeine. Nevertheless, 
further research is needed to ascertain more information about 
the effects that caffeine can have on the human body. 
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