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¥ Background Information
an

The Coffee Cherry (Fruit)
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< Bean
Pulp - s l
— 510%
; —— EN

Arabica Robusta Liberica Excelsa 8 | Mucilage

# 1 l

{ Parchment |

(Hull) . 4550%
Spent coffee ground
Typica Bourbon Geisha/Geisha
Silverskin
RoastyColffee.com thejakartapost.com L

N !

Kovalcik, et al [13].
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¥ Background Information

Brown-colored compounds
Caffeine Browning index 0.155
16 % melanoidins

Minerals

K, Mg, P, Ca, Na,
SPENT Fe, iln anc; Cu‘
Carbohydrates COF F EE
Galactomannans and
, arabinogalactans GROUNDS
Mannooligosaccharides
Anlioxidan;‘d?clary flibcr (SCGS)
Phenolic compounds
Natural phenolic antioxidants

1.0 - 1.5 % total polyphenols

Non-protein nitrogeneous Chlorogenic acid (12 % solids)

compounds
Carbon / Nitrogen (C/N) ratio of
19.8:1 (wt.): microbial activity
Soil amendment impact

Lipids
Oil manufacturing cost US $ 48.60 / kg - earning up to US $ 460 / kg
Polyunsaturated / saturated ratio > |
Mix linoleic, palmitic and oleic acids / polyhydroxyalkanoates (PHAs) - biodegradable synthetic polymer

Dattatraya Saratale, et al [30].
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¥ Background Information

Coffee Lipids Coffee Biodiesel

Spent Coffee _ W |
Grounds @u Transesterification

8

Coffee Bio-Oil

Defatted Grounds

| Slow Pyrolysis

Coffee Biochar #

k.

istc.illinois.edu
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a Goals of the experiment

Crude SCG: After extraction of
each group:
& &
—
=
ICP | Agilent.com LC/MS | Agilent.com
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* Techniques & methods

Raw Material: Preparation of SCG: Solvent Extraction:
e Coffea Arabica e 16h e Polyphenol
e Light roasting profile e 60°C e Lipids

e Carbohydrates

30s* | 8min _
{
= ;I w o
Amazon.com Oven | thermobid.com

* Asia, America, Europe and sample for trial.
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Coffee Samples

CODE AE opP AS AG EI
Continent Africa Oceania Asia America Europe
Country Ethiopia Papua New Indonesia Guatemala Italy
Guinea
Region Unknown Western Sumatra Antigua Naples
Highlands Mandheli Valley
ng
Image : T
ALRIFA| 5’: i
- ——
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CODE

Whole
bean

Grind
coffee

SCG

Brewing
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Color Tests:

Molisch's test —Carbohydrates
Barfoed's test — Carbohydrates
Benedict's reagent — Carbohydrates
FeCl, test — Phenols

Sudan IV (Red) test — Lipids

Sudan Black Btest — Lipids

Biuret test —Protein

Techniques & methods

POLYPHENOLS CARBOHYDRATES LIPIDS

Trial 1 5g SCG Trial 1 2.5g SCG Trial 1 5g SCG
methanol:water:acetic acid | Water: ethanol 75:25 Water: chloroform 50:50
70:25:5 Sonicator 60 minutes, room | Sonicator 15 minutes
Sonicator 15 minutes temperature Filtration
Filtration Filtration Separatory funnel 24h
Separatory funnel 24h Separatory funnel 20h

Trial 2 5g SCG

Trial 3 5g¢ SCG Trial 3 5g SCG Hexane:water: ethyl acetate

500 DI water 500 DI water 50:20:30

Stir for 40 mins at 80°C.
Then shake it for 15 mins.
Centrifuge for 15 mins at
1500 rps

Trial 2 5g SCG
Water: ethanol 75:25
Sonicator 60 minutes, room
temperature
Filtration
Separatory funnel 20|

Stir for 40 mins at 80°C.
Then shake it for 15 mins.
Centrifuge for 15 mins at
1500 rps

Sonicator 15 minutes
Filtration
Separatory funnel 24h

Trial 2 5g SCG
Water:ethyl acetate 40:60
Sonicator 15 minutes
Separatory funnel 24h
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Elements identified:
C,O0,S&K

Elements identified:
C,0O,S&K

Elements identified:

C0,S&K

Elements identified:
C,0,S&K

Elements identified:
C,0O,S&K

Elements identifiea:
C,0S&K
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¥ Clemental fAnalysis
J l T ! ! | | | " ‘ 55Kt i 55 T»
| T “ Y
Elemental Analysis for the different coffee samples showed similar findings
¢ \ ‘ e
4” J LT - | | I I | o | v 0 | iy
Al jl Tl
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Results

POLYPHENOLS CARBOHYDRATES LIPIDS

Trial 1 5g SCG Trial 1 2.5g SCG Trial 1 5g SCG
methanol:water:acetic acid | Water: ethanol 75:25 Water: chloroform 50:50
70:25:5 Sonicator 60 minutes, room | Sonicator 15 minutes
Sonicator 15 minutes temperature Filtration
Filtration Filtration Separatory funnel 24h
Separatory funnel 24h Separatory funnel 20h

Trial 2 5g SCG

Trial 3 5g SCG rial 3 5g SCG Hexane:water: ethyl acetate

500 DI water 500 DI water 50:20:30

Stir for 40 mins at 80°C.
Then shake it for 15 mins.
Centrifuge for 15 mins at
1500 rps

Stir for 40 mins at 80°C.
Then shake it for 15 mins.

Centrifuge for 15 mins at
1500 rps

ial 2 5g SCG

Water: ethanol 75:25
Sonicator 60 minutes, room|
temperature

Filtration

Separatory funnel 20|

Sonicator 15 minutes
Filtration
Separatory funnel 24h

Trial 2 5g SCG
Water:ethyl acetate 40:60
Sonicator 15 minutes
Separatory funnel 24h
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¥ Televance to the course

e The current project allowed us to design an experiment based on chemistry by using
the resources provided by American University, including equipment, solvents, and
glassware.

e The spent coffee ground is a considerable biowaste increasing annually which can
cause an increase of landfill as it could affect the environment and our approach to
find ways to recycle or reuse the SCG.

e We aimed fo identify the coffee components based on their geographical location in
this specific project. According to our findings, there was no significant difference in
compositions. #
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¥ long-term implications

e Recycling and reusing the SCG will help reduce the amount of biowaste and its
impact on the environment.

e The SCG consists of some active compounds that can be remanufactured and
used in different fields, such as cosmetics.
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A 1deas for improvement

e This initial project is considered the qualitative aspect. It is encouraged to do
the quantitative analysis using MS for future experiments.

e For further research, since the Elemental analysis cannot detect the trace

amount of elements, it is suggested to use the ICP-MS to investigate the .
impurities in the SCG.

e Finding an appropriate way to extract the proteins and detect their bioactivity
will be considerable for extended research.

CHEM 671 - Experimental Biological Chemistry I



mailto:dg0250a@american.edu

‘Bgfa'awea

Sulewska, A. M.; Larsen, F. H.; Serensen, J. K.; Pedersen, A. H. Advanced
Instrumental Characterlzatlon 0f the Coffee Extracts Produced by Pilot Scale
Instant Coffee Process. Eur Food Res Technol 2021, 247 (6), 1379-1387.
https://doi.org/10.1007/s00217-021-03715-z.

Cestari, A. Development of a Fast and Simple Method to Identify Pure Arabica
Coffee and Blended Coffee by Infrared Spectroscopy. J Food Sci Technol 2021,
58 (9), 3645-3654. https://doi.org/10.1007/s13197-021-05176-4.

Rocha Baqueta, M.; Coqueiro, A.; Henrique Marco, P.; Mandrone, M.; Poli, F.;
Valderrama, P. Integrated 1H NMR Fingerprint with NIR Spectroscopy,
Sensory Properties, and Quality Parameters in a Multi-Block Data Analysis
Using ComDim to Evaluate Coffee Blends. Food Chemistry 2021, 355,
129618. https://doi.org/10.1016/j.foodchem.2021.129618.

Markets, R. and. Global Coffee Market Report 2021-2026: Coffee Beans,
Distribution Channel, Region, Market Insights, COVID-19 Impact,
Competition and Forecast

https://www.prnewswire.com/news-releases/global-coffee-market-report-2021-
2026-coffee-beans-distribution-channel-region-market-insights-covid-19-impa

ct-competition-and-forecast-301226828.html (accessed 2021 -09 -19).
International ~ Coffee  Organization - International Coffee

https:/www.ico.org/show_news.asp?id=195 (accessed 2021 -09 -10).
Rathnakumar, K.; Osorio-Arias, J. C.; Krishnan, P.; Martinez-Monteagudo, S.
1. Fractionation of Spent Coffee Ground with Tertiary Amine Extraction.
Separation  and  Purification  Technology 2021, 274, 119111.
https://doi.org/10.1016/j.seppur.2021.119111.

These Two Entrepreneurs Are Shaking up Workplace Coffee Culture. ABC
News. October 19, 2021.

Council

10.

11.

12.

13.

CHEM 671 - Experimental Biological Chemistry I

Marcheafave, G. G.; Tormena, C. D.; Mattos, L. E.; Liberatti, V. R.; Ferrari, A.
B. S.; Rakocevic, M.; Bruns, R. E., Scarminio, I. S.; Pauli, E. D. The Main
Effects of Elevated CO2 and Soil-Water Deficiency on 1H NMR-Based
Metabolic Fingerprints of Coffea Arabica Beans by Factorial and Mixture
Design. Science of The Total Environment 2020, 749, 142350.
https://doi.org/10.1016/j.scitotenv.2020.142350.

Rijo, B.; Soares Dias, A. P.; Ramos, M.; de Jesus, N.; Puna, J. Catalyzed
Pyrolysis of Coffee and Tea Wastes. FEnergy 2021, 235, 121252.
https://doi.org/10.1016/j.energy.2021.121252.

Coclho, J. P; Filipe, R. M.; Paula Robalo, M.; Boyadzhieva, S.; Cholakov, G.
St.; Stateva, R. P. Supercritical CO2 Extraction of Spent Coffee Grounds.
Influence of Co-Solvents and Characterization of the Extracts. The Journal of
Supercritical Fluids 2020, 161, 104825.
https://doi.org/10.1016/j.supflu.2020.104825.

Farhid, H.; Shaabani, A. Magnetic Spent Coffee Ground as an Efficient and
Green Catalyst for Aerobic Oxidation of Alcohols and Tandem Oxidative
Groebke—Blackburn—Bienaymé Reaction. J IRAN CHEM SOC 2021, 18 (5),
1199-1209. https://doi.org/10.1007/s13738-020-02102-x.

Mangindaan, D.; Lin, G.-Y.; Kuo, C.-J.; Chien, H.-W. Biosynthesis of Silver
Nanoparticles as Catalyst by Spent Coffee Ground/Recycled Poly(Ethylene
Terephthalate) Composites. Food and Bioproducts Processing 2020, 121,
193-201. https://doi.org/10.1016/j.fbp.2020.02.008.

Kovalcik, A.; Obruca, S.; Marova, 1. Valorization of Spent Coffee Grounds: A
Review. Food and Bioproducts Processing 2018, 110, 104-119.
https://doi.org/10.1016/j.fbp.2018.05.002.



mailto:dg0250a@american.edu
https://doi.org/10.1007/s00217-021-03715-z
https://doi.org/10.1007/s13197-021-05176-4
https://doi.org/10.1016/j.foodchem.2021.129618
https://www.prnewswire.com/news-releases/global-coffee-market-report-2021-2026-coffee-beans-distribution-channel-region-market-insights-covid-19-impact-competition-and-forecast-301226828.html
https://www.prnewswire.com/news-releases/global-coffee-market-report-2021-2026-coffee-beans-distribution-channel-region-market-insights-covid-19-impact-competition-and-forecast-301226828.html
https://www.prnewswire.com/news-releases/global-coffee-market-report-2021-2026-coffee-beans-distribution-channel-region-market-insights-covid-19-impact-competition-and-forecast-301226828.html
https://www.ico.org/show_news.asp?id=195
https://doi.org/10.1016/j.seppur.2021.119111
https://doi.org/10.1016/j.scitotenv.2020.142350
https://doi.org/10.1016/j.energy.2021.121252
https://doi.org/10.1016/j.supflu.2020.104825
https://doi.org/10.1007/s13738-020-02102-x
https://doi.org/10.1016/j.fbp.2020.02.008
https://doi.org/10.1016/j.fbp.2018.05.002

14.

15.

16.

17.

18.

19.

TReferences

Ballesteros, L. F.; Teixeira, J. A.; Mussatto, S. I. Extraction of Polysaccharides
by Autohydrolysis of Spent Coffee Grounds and Evaluation of Their
Antioxidant Activity. Carbohydrate Polymers 2017, 157, 258-266.
https://doi.org/10.1016/j.carbpol.2016.09.054.

Desai, N. M.; Martha, G. S.; Harohally, N. V.; Murthy, P. S. Non-Digestible
Oligosaccharides of Green Coffee Spent and Their Prebiotic Efficiency. LWT
2020, /18, 108784. https://doi.org/10.1016/1.1wt.2019.108784.

Toda, T. A.; Franco Visioli, P. de C.; de Oliveira, A. L.; da Costa Rodrigues, C.
E. Conventional and Pressurized Ethanolic Extraction of Oil from Spent Coffee
Grounds: Kinetics Study and Evaluation of Lipid and Defatted Solid Fractions.
The  Journal  of  Supercritical  Fluids 2021, 177, 105332.
https://doi.org/10.1016/j.supflu.2021.105332.

Okur, I.; Soyler, B.; Sezer, P.; Oztop, M. H.; Alpas, H. Improving the Recovery
of Phenolic Compounds from Spent Coffee Grounds (SCG) by
Environmentally Friendly Extraction Techniques. Molecules 2021, 26 (3), 613.
https://doi.org/10.3390/molecules26030613.

Shiqi Zhang; Jie Yang; Sheng Wang; Vasantha Rupasinghe, H. P.; Quan He.
Experimental Exploration of Processes for Deriving Multiple Products from
Spent Coffee Grounds. Food and Bioproducts Processing 2021, 128, 21-29.
https://doi.org/10.1016/j.fbp.2021.04.012.

Du, Y.; Guo, X.; Han, Y.; Han, J.; Yan, J.; Shang, W.; Wu, H. Physicochemical
and Functional Properties of Protein Isolate from Sea Cucumber ( Stichopus
Japonicus ) Guts. J Food Process Preserv 2019, 43 (7).
https://doi.org/10.1111/jfpp.13957.

20.

21.

22.

23.

24.

25.

CHEM 671 - Experimental Biological Chemistry I

Valdés, A.; Castro-Puyana, M.; Marina, M. L. Isolation of Proteins from Spent
Coffee Grounds. Polyphenol Removal and Peptide Identification in the Protein
Hydrolysates by RP-HPLC-ESI-Q-TOF. Food Research International 2020,
137, 109368. https://doi.org/10.1016/j.foodres.2020.109368.

Amazon.com : Copper Moon Guatemalan Antigua Blend, Whole Bean Coffee,
2 Pound Bag, Light Roast Coffee from Guatemala, Rich, Smooth, and Mild,
with A Nutty Finish: Roasted Coffee Beans: Everything Else
https://www.amazon.com/gp/product/B0015IS2 1K/ref=ppx_vo_dt b_asin _title
_003_s01?ie=UTF8&psc=1 (accessed 2021 -09 -07).

Amazon.com: The Organic Coffee Co. Sumatra Mandheling Whole Bean
Coffee 2LB (32 Ounce) Medium Light Roast USDA Organic : Roasted Coffee
Beans : Grocery & Gourmet Food
https://www.amazon.com/gp/product/BO06BXUW62/ref=ppx_yo_dt b_asin ti
tle 003_s01?ie=UTF8&psc=1 (accessed 2021 -09 -07).

Amazon.com : Caffe Mercanti Italian Roast Coffee Beans - Oro, the Perfect
Boost to Feel More Energized (2.2 1b Bag): Grocery & Gourmet Food
https://www.amazon.com/gp/product/BOSHNIZQJH/ref=ppx_yo_dt b_asin_ti
tle 002_s00?ie=UTF8&psc=1 (accessed 2021 -09 -07).

Amazon.com : Raggiana Papua New Guinea Coffee Bean Light Roast, Organic
Shade Grown Coffee with Rich Natural Flavor for Healthy and Fresh Morning
Start (Ground for Drip, 12 Oz): Grocery & Gourmet Food
https://www.amazon.com/gp/product/B097C79T6R/ref=ppx_yo_dt b_asin_titl
e_004_s00?ie=UTF8&th=1 (accessed 2021 -09 -07).

Rijo, B.; Soares Dias, A. P.; Ramos, M.; de Jesus, N.; Puna, J. Catalyzed
Pyrolysis of Coffee and Tea Wastes. FEnergy 2021, 235, 121252.
https://doi.org/10.1016/j.energy.2021.121252.



mailto:dg0250a@american.edu
https://doi.org/10.1016/j.carbpol.2016.09.054
https://doi.org/10.1016/j.lwt.2019.108784
https://doi.org/10.1016/j.supflu.2021.105332
https://doi.org/10.3390/molecules26030613
https://doi.org/10.1016/j.fbp.2021.04.012
https://doi.org/10.1111/jfpp.13957
https://doi.org/10.1016/j.foodres.2020.109368
https://www.amazon.com/gp/product/B0015IS21K/ref=ppx_yo_dt_b_asin_title_o03_s01?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B0015IS21K/ref=ppx_yo_dt_b_asin_title_o03_s01?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B006BXUW62/ref=ppx_yo_dt_b_asin_title_o03_s01?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B006BXUW62/ref=ppx_yo_dt_b_asin_title_o03_s01?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B08HN9ZQJH/ref=ppx_yo_dt_b_asin_title_o02_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B08HN9ZQJH/ref=ppx_yo_dt_b_asin_title_o02_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B097C79T6R/ref=ppx_yo_dt_b_asin_title_o04_s00?ie=UTF8&th=1
https://www.amazon.com/gp/product/B097C79T6R/ref=ppx_yo_dt_b_asin_title_o04_s00?ie=UTF8&th=1
https://doi.org/10.1016/j.energy.2021.121252

26.

27.

28.

29.

30.

31.

TReferences

Williamson, K.; Hatzakis, E. NMR Analysis of Roasted Coffee Lipids and
Development of a Spent Ground Coffee Application for the Production of
Bioplastic Precursors. Food Research International 2019, 119, 683-692.
https://doi.org/10.1016/j.foodres.2018.10.046.

Chamyuang, S.; Owatworakit, A.; Intatha, U.; Duangphet, S. Coffee Pectin
Production: An Alternative Way for Agricultural Waste Management in Coffee
Farms. ScienceAsia 2021, 478 (D), 90.
https://doi.org/10.2306/scienceasial 513-1874.2021.S003.

Siqueira, J. H.; Santana, N. M. T.; Pereira, T. S. S.; Moreira, A. D.; Bensefior, 1.
M.; Barreto, S. M.; Velasquez-Melendez, G.; Molina, M. del C. B. Consumo de
Bebidas Alcodlicas ¢ Nao Alcodlicas: Resultados Do ELSA-Brasil. Ciénc.
saiide coletiva 2021, 26 (suppl 2), 3825-3837.
https://doi.org/10.1590/1413-81232021269.2.30682019.

Motoki, K.; Takahashi, A.; Spence, C. Tasting Atmospherics: Taste
Associations with Colour Parameters of Coffee Shop Interiors. Food Quality
and Preference 2021, 94, 104315.
https://doi.org/10.1016/j.foodqual.2021.104315.

Dattatraya Saratale, G.; Bhosale, R.; Shobana, S.; Banu, J. R.; Pugazhendhi,
A.; Mahmoud, E.; Sirohi, R.; Kant Bhatia, S.; Atabani, A. E.; Mulone, V.;
Yoon, J.-J.; Seung Shin, H.; Kumar, G. A Review on Valorization of Spent
Coffee Grounds (SCG) towards Biopolymers and Biocatalysts Production.
Bioresource Technology 2020, 314, 123800.
https://doi.org/10.1016/j.biortech.2020.123800.

CHEM 671 - Experimental Biological Chemistry I



mailto:dg0250a@american.edu
https://doi.org/10.1016/j.foodres.2018.10.046
https://doi.org/10.2306/scienceasia1513-1874.2021.S003
https://doi.org/10.1590/1413-81232021269.2.30682019
https://doi.org/10.1016/j.foodqual.2021.104315
https://doi.org/10.1016/j.biortech.2020.123800

CHEM 671 - Experimental Biological Chemistry I



mailto:dg0250a@american.edu

