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Executive Summary

1. Introduction

Royal Project Foundation research and promotes arabica cultivation to stop
the cultivation of addictive plants. Nowadays, there are varieties of coffee products
including green coffee bean, roasted coffee bean, ¢round coffee bean, instant coffee,
and other related coffee products. Therefore, it is necessary to develop coffee
products that is unique in both of sensorial and functional properties from active
ingredients such as amino acids, polysaccharides, and conjugated products. Besides,
current coffee production process still has at lot of waste and by-products including
coffee pulp, coffee husk and spent coffee eround. Those by-products were commonly
used to make composts. Nonetheless, our initial founding had indicated that the spent
coffee ground had hich amount of remaining coffee oil which contained triacylglycerol
and diterpenes.- Those compounds have many biological-functions, for instance,
antimicrobial and antioxidant. Furthermore, the spent coffee ground after oil extract
could still be use in conjunction with coffee husk. Thus, this research is aimed to study
the value-adding process of Royal Project arabica coffee by-product differentiation with
sensory and functional properties using the by-products of coffee industry to develop
new products. The development includes the fortification of coffee bean using bio-
active natural extract, amino acids, polysaccharides, and conjugated compounds

2. Objectives
1) To study and develop new products from Royal Project from natural extracts
2) To study and develop product from conjugated compounds form Royal
Project green coffee bean
3) To study and develop product from by-product form production and

consumption of coffee

3. Results
3.1 New Royal Project coffee bean product development by fortification of
natural extracts using vacuum impregnation
3.1.1 Production of isoflavone aglycone and GABA
Isoflavone extract form soy gem contained both glucoside and aglycone
forms. Isoflavone elucosides included Daidzin, Genistin and Glycitin were 27.18, 111.08
and 25.01 micrograms per milliliter, respectively. For Isoflavone aglycones, there were

Daidzein, Genistein and Glycitein as 457.37, 433.57 and 102.43 micrograms per milliliter,



respectively. GABA was produced from fermented Micrococcus varians in onion extract
for 6 days. The obtained extract contained GABA as 2.81 milligrams per milliliter.
3.1.2 Catechin extraction from green tea leave with water

Catechin extract from green tea leaves with water contained the amount
of catechin in range of 0.00-71.96 micrograms per milliliter and epicatechin in range of
15.96-454.97 micrograms per milliliter. Process optimization showed that the optimal
condition for the extraction was 89.47 degree Celsius, 60 minutes and the ratio of green
tea leaves to water was 1:10.

3.1.3 Mixture design of natural extracts

Mixture designof isoflavone, GABA and . catechin extracts for vacuum
impregnation process at. =0.5 bar for 30 minutes and duration of immersion in
atmospheric pressure.was 30 minutes resulted. in ‘coffee bean with 325-366.18
micrograms. per gram of GABA, 14.94-18.60 milligrams. pet. gram of catechin, 78.58-
110.00 milligrams per gram of epicatechin. Glycitein, Daidzein and total isoflavone
having statistical difference. The optimization showed that the ratio of isoflavone, GABA
and catechin is 60%, 20, and 20%, respectively.

3.1.4 Vacuum impregnation process optimization for fortification of total
isoflavone GABA and catechins in green arabica coffee bean

Vacuum pressure, time at vacuum and time at atmospheric pressure were
varied. The results showed that green coffee beans did not contain isoflavone
glucosides but contained isoflavone aglycones with 0.00-75.83 micrograms per gram of
Daidzein, 0.00-66:56 micrograms per gram of Glycitein and 0.00-8.56 micrograms per
gram of Genistein. The GABA was found in between 276.71-804.77 micrograms per
gram. Catechin was in between 14.56-19.15 milliecrams per gram and epicatechin was
85.19-186.54 milligrams-per gram. The optimization found that the suitable process
condition for vacuum impregnation process was -0.80 bar of vacuum pressure for 60
minutes then submerged at atmospheric pressure for 60 minutes.

3.2 Conjugated compound product development form Royal Project arabica
coffee bean

3.2.1 Suitable conjugation process for production of conjugated green coffee
bean extract

Various conjugation processes were studied. Conjugation by wet process and
plasma had amounts of chlorogenic acids and reducing sugars less than control. Extract
from plasma treatment had the smallest amount of total amino acid. SDS-PAGE results

showed that treatments by wet process, pulse electric field and plasma could generate



conjugate compounds as shown by the peptide band at 250 kDa. When considering
the amount of bioactive compound and production cost, wet process was chosen as
the best process for production of conjugate compounds.

3.2.2 Optimization of conjugated compound production process

pH, Temperature, and time were varied to optimize the production process.
The results showed that the optimal wet process condition was at pH 8.88 and 86
degree Celsius for 1 day.

3.3 Functional product development form spent coffee ground
3.3.1 Suitable pretreatment method for coffee oil extraction from spent coffee
ground
Four roasting levels were studied: light, medium, dark, and extra dark. The
results showed that light roast and medium roast had similar. level of cafestol and
kahweol. Light roast contained 7.89 grams of oil with 2.76 and 54.86 milligrams of
cafestol and kahweol, respectively. Medium roast contained 10.12 grams of oil with
2.96 and 59.97 milligrams of cafestol and kahweol, respectively. Therefore, the most
suitable roast level is medium.
3.3.2 Optimization of coffee oil extraction from spent coffee ground
Three extraction process were compared: Soxhlet extraction with hexane
(SOX), hydro ‘distillation (HD) and supercritical carbon dioxide extraction (SC-CO,).
Supercritical carbon dioxide extraction (SC-CO2) was studied by varying temperature
between 35-65 degree Celsjus and pressure between 100-200 bar. The results showed
the amount of oil in between 0.40-9.84% yield, and cafestol and kahweol in range of
25.73-42.24 and 412.60-796.34 ‘milligrams per 100 grams of oil. The optimal process
condition with highest bioactive compounds was at 35 degree Celsius and 200 bar.
3.3.3 Optimization of bioactive compound extraction from spent coffee ground
after oil extraction
The residue of bioactive compounds was extracted by 2 processes: water
extraction and ethanol extraction. Water extraction was performed at 30-100 degree
Celsius and 30-120 minutes. Ethanol extraction was performed with ethanol
concentration between 40-95%. The resulting extracts from water and ethanol
contained oil at 0.62-0.92% and 0.39-1.01%, respectively. The optimal process for
spent coffee ground extraction with water was 92 degree Celsius for 104 minutes. The
resulting extract contained high amount of total phenolic compounds and antioxidant
activities as shown by DPPH and ABTS assays. While the best condition for extraction
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by ethanol is using 60% ethanol, which had the high amount of total phenolic
compounds and antioxidant activities as shown by DPPH and ABTS assays.

3.4 Feasibility study of development of cellulose fiber from coffee husk and
spent coffee ground for filter material and packaging
Analysis of coffee husk and spent coffee ground constitution

Coffee husk with less that 10% moisture content and spent coffee ground
after brewing with less than 15% moisture content were analyzed for fiber and dietary
fiber. The results showed that fiber contained in coffee husk and spent coffee ground
were 68.48 and 25.80 grams per 100 grams, respectively, while their dietary fiber were
57.43 and 70.35 grams per 100 grams, respectively. Additionally, coffee husk had
amounts of cellulose, hemicellulose, and lignin at 20.83, 20.79 and 8.83 grams per 100
grams, respectively. On the other hand, spent coffee ground contained 11.55, 23.07
and 12.07 grams per 100 grams, respectively.

Conclusion
1. New Royal Project coffee bean product development by fortification of natural
extracts using vacuum impregnation

Preparation of 3 natural extracts consist of isoflavane from soy germ, GABA
from onion extracts and catechins from green tea leaves. Then, mixture of natural
extracts was desiened. The extracts were used in the vacuum impregnation process of
green coffee bean at -0.5 bar for 30 minutes and duration of immersion in atmospheric
pressure was 30 minutes. The optimization showed that the ratio of isoflavone, GABA
and catechins is 60%, 20, and 20%, respectively. The optimal process for vacuum
impregnation was vacuum pressure at =0.80 bar for 60 minutes, then submerged at

atmospheric pressure for 60 minutes.

2. Conjugated compound product development form Royal Project arabica
coffee bean

Various conjugate reaction was studied. The results showed that the suitable
process for conjugate compound production from green coffee bean extract was wet
process, because it was simple and the most cost effective in producing conjugate
compounds. The optimal condition for producing conjugate compound from wet
process was at pH 8.88 and 86 degree Celsius for 1 day.



3. Functional product development form spent coffee ground

Study of pretreatment method for coffee oil extraction from spent coffee
ground showed that medium roasted coffee ground was chosen because of highest
level of cafestol and kahweol. The optimal process condition for oil extraction from
spent coffee ground was supercritical carbon dioxide extraction (SC-CO;) at 35 degree
Celsius and 200 bars. Therefore, optimization of bioactive compounds extraction from
spent coffee ground after oil extraction showed that water extraction contained oil at
0.62-0.92%. Ethanol extraction contained oil at 0.39-1.01%. For the suitable extraction
process for spent coffee ground after oil extraction, | was found that water extraction
is the most suitable and feasible for utilization and could be applied as food ingredient

for food and beverages.

4. Feasibility study of development of cellulose fiber from coffee husk and spent
coffee ground for filter material and packaging
The results showed that fiber contained in coffee husk and spent coffee ground

were 68.48 and 25.80 grams per 100 grams, respectively, while their dietary fiber were
57.43 and 70.35 grams per 100 grams, respectively. Coffee husk had amounts of
cellulose, hemicellulose, and lignin at 20.83, 20.79 and 8.83 grams per 100 grams,
respectively. On the other hand, spent coffee ground contained 11.55, 23.07 and 12.07
grams per 100 erams, respectively. These findings indicated that it is possible for using
spent coffee ground to produce heat resistant polymers that can be used as a raw
material for heat resistant plastic. It could also be used to produced filter paper for
drift coffee. Besides, coffee husk could also be used to produce food grade biopolymer

and fruit coatings as well as bioactive polymer films.
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