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Abstract

Qualitative Coffee production requires new innovations to meet this
disruptive society. To create new coffee flavors by simulating the fermentation of
coffee, mimicking the animal feed pathway using mixed microorganisms such as
Lactobacillus Plantarum and Pichia Kudriavzevii mixture combine with pepsin and
pancreatic enzymes at pH 2.0 adjustment for at least 24 hours, which enhance mimic
‘luwak’ flavors. In addition, environmental concerned aborted the important issues,

marked the importance of using more than 60% of coffee by-products from coffee

fermentation, such as coffee husks, mucilage and wastewater. High methoxy pectin



could obtain from coffee mucilage and used to produce ‘orange coating’ to extend
its lifespan by more than 10 days, while coffee ferment water can be reused up to
three times. However, the treatment of fermented wastewater is prior to reduce
pollution through sedimentation, filtration, aeration processes and wetland plants to
meet the national standards. However, in the prevention of infringement of coffee
authentication, the results shown the important of chemometric principles, this rapid
assessment based on the results of ‘Cafestol and Kahweol ratio’ analyzes was able
to identify coffee producing identities that the experimental results confirmed had
no effect on alteration. The ratio of both diterpenes is constant mend to ‘the golden
ratio” named that can be used to regulate the import coffee bean. The results of
research and development on the production of quality coffee to focus on solving
the problems that have been set. Through experimental results that are tested in
real areas and farmer plots to test the feasibility of extending to industrial level for
sustainability. Premium coffee production network of the department of Agriculture
has been created to support technology and development, extending to meet the
needs of farmers, preventing problems that can occur throughout the manufacturing
process in the future. Coffee fermentation innovation Inspection of new production
processes and product prototypes from the project will enable farmers to upgrade
coffee quality to add value. By creating a unique identity, there is also the utilization
of resources from bio-based bases to meet the needs of creative bio-businesses
according to the government's policy and to add value to the integrated Bio-Circular-

Green based economy.
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Development of Arabica coffee fermentation by using microbial fermentation
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Abstract

Keywords: Coffee Cherry, Coffee Mucilage, Coffee wastewater, Orange Coating, Water
treatment

By-products from coffee fermentation are valuable raw materials. With more than
60 percent of the coffee bean husks can produce bioproducts to inhibit the growth of
anthracnose fungi in coffee plants, as well as to produce food flavorings. For coffee
mucilage from cherry and ferment water, they contain 65.57% of High Methoxy Pectin that
can be mixed with 5% Canauba wax orange varnish to extend its life for approximately 10
days. Coffee fermentation used an average of 200 liters water per 1 kilogram of coffee
which required to reduce water use. Futhermore ferment water polluted the environment
and shown the insufficient quality to emit due to Industrial wastewater standard. This also
cause conflicts about the use of water during the production season and wastewater in
public waterways. The results indicated that coffee fermentation could be reused at least
three times with the favorable quality of fermented coffee. However, their sensory
evaluation and chemical properties were tested with lower amount in Furans, Pyrazines,
Maltol, Caffeine and Methylchromone. That comes to the important of wastewater

treatment at the final step of coffee fermentation, the tentative treatment system includes
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sump tanks, sedimentation tanks, filter tanks, aeration tanks and wetland treatment that
can rectify the quality of fermented water accord to the Industrial standards before
releasing in public waterway. This research aims to create alternatives that can generate
sustainable income and reduce environmental pollution problems, promoting green

coffee production to meet the Bio-Circular Green model transformation process
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Table 1: Properties of Orange Coating by Coffee Pectin after 10 days of storage at ambient

temperature in plastic basket

m L* a b TSS TA SE SE

( pectin (odor) (sweet)
mixing)

Control  16.67+1.63 16391511 7.1240.09 1139 051 6.75+02  7.43+0.12
2.5% 16.19+1.45 1858+1.38 8.1340.14 1098 051 7.23+0.1  7.12+0.02
5% 13.4010.73 15.641+0.81 6.98+0.16 10.72 0.47 892+0.1 8.75%0.2
7.5% 15414730 17514747 7004036 1097 055 812405 7.12+0.12
10% 14.8240.09 1590+ 0o 7.06F0.18 11.06 053 7.04 0.1 7.02+0.1
12.5% 13.45+2.77 1553+255 7314051 1145 051 6.3420.72 6.1220.2
100% 17.55+7.74 19171788 7444026 1083 045 6.71+02 7.07+0.2
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Wetland l¥ud gun Buasdunmsinuiiietinudsuifisuiunsudestinlufutununis
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Figure 2 Demonstration protocol of coffee waste treatment method in fifth steps from sump tank to
sedimentation tank then the filtration tank combined with aerated tank and stocking the

pretreatment water in wetland tank for further used in field or recycling water cycle.

Table 2 Finalization of coffee wastewater parameters after treatment in pilot farm plant. The
result shown the amelioration of the entire parameter compared to ISI standard which confirmed

the capable of pretreatment water reuse in farm or coffee production plant.

Parameter Water Before Water After ISI Standard %Treatment
Treatment Treatment

BOD 2388 mg/L 5 mg/L <20 99 %

COD 3097 mg/L 52 mg/L <120 98 %

DO 0.40 me/L 4.3 mg/L - 90 %

Oil & Grease 10.4 me/L 2.5 mg/L <5 75 %

pH 3.7 7.5 55-90 90 %

Settleable Solids 11 mL/L 2 mL/L - 81%

Total Dissolved Solids 1477 mg/L 117 mg/L < 3,000 92 %

Total Suspended Solids 358 me/L 8 mg/L < 50 97 %

TKN 94 mg/L 12 mg/L - 87 %

Turbidity 166 NUT 10 NUT - 93 %

a@mamﬁif& uazUaLaualug (Conclusion and Suggestion)
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Faidonianizgaunidifvsslevidonisudnniuduazlddundudenslsa liun
Lactobacillus plantarum, Pichia kudriavzevii annkagoun1sudnuanaliiuiinisiis
aunIdnaniueulediuudu teulesiaindugeu (pancreatin) way n1sUsu pH Tussuunis
win finadensimuinanmveanunliunniainnIsminnuiLUULAL uagfina
Fudouresnausaniuntiiuunn usetslsAnun unilad aanudisiuassasaandulin
(Aftertaste) AninnunTvzun 91nn1sNAdEUNUIINSUSY pHLéuﬁuiﬁagiuﬁJQ|oH:}3
Tnnsalalnsranintasliiinmsdeslasadiwesnunuazadrsanseedunausaluniule
diumududeunesnausaldd Weisudisussoznatluniswinmuiinisiiaadlunis
vifnvzdamasionisifiunnududoureinausanundedy sseznanlunswsinfimunzasie
24 §7103 wan1sneaeunIsUszamdudalaenisdu (Cupping test) finzuuy wasi 82
ﬂ%uULJ%QQQﬂjWﬂWuWﬁQﬂ?UQN(ﬂ%uutﬂﬂgﬂ 71.8 Azuul) waznuningn 18 Falue (Azuuy
Wwdy 78.5 AzLuY) N1svinnunlagsiasisEuunIstesemsdniainnsaususyiuay
Wutuvesasiailuniuwn laun Pyrazine, 2,6-dimethyl wag 2-Furancarboxaldehyde, 5-
methyl Falvindulun Ej UYDIHI WAy 2-Furanmethanol, acetate Wag 2-Methoxy-4-
vinylphenol #slsinaulundunals waznaulnuman Whisdulvduiinalndfestuniund

el
Abstract

Keywords: Arabica coffee, Civet coffee, Yeast, Coffee fermentation

Civet coffee is an expensive coffee because of its unique fermentation
process in civet digestion system. Most of the civet coffee available in the market is
produced on farms by coffee farmers. Asian palm civets are currently caught in the
wild, kept in small cages and fed the coffee beans. Animals are thus deprived of
their freedom and natural spaces, leading to diseases and depression. Civet coffee
production using Asian palm civet animal has many weakness such as inefficient
production processes and final product quality that always makes consumers
hesitate in terms of its hygiene. The aim of this research is to improve the quality of
coffee from the traditional coffee fermentation (wet process) by simulation of animal
digestive system and to produce coffee with the quality of civet coffee or unique
coffee without using animal. The beneficial microorganisms was screened and
selected from civet feces, including lactic acid bacteria Lactobacillus plantarum and
yeast Pichia kudriavzevii. Coffee fermentation by using isolated microorganisms

supplemented with mix enzyme (pepsin and pancreatin) at pH 2-3 (adjusted by
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hydrochloric acid) showed the higher coffee cupping score than that of traditional
wet process. The results suggested that microorganisms and enzymes affected the
chemical composition in coffee. However, aftertaste and acidity of fementation
coffee lower than that of civet coffee. The 24 hours fermentation increase
complexity of aroma in coffee than that of 18 hours fermentation and control (20
hours). The sensory evaluations of these coffees stand out from the traditional
coffee fermentation. Cupping score of coffee fermentation by simulation of animal
digestive system for 24 hours is 82, which is higher than that of control (71.8) and 18
hours fermentation (78.5). Concentrations of volatile chemicals that their aroma were
described as nutty (Pyrazine, 2,6-dimethyl and 2-Furancarboxaldehyde, 5-methyl) and
fruity / sweet (2-Furanmethanol, acetate and 2-Methoxy-4-vinylphenol) were
changed nearly to that of civet coffee.
U (Introduction)
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(Cupping) ¥NATIATIERAIU NIBATN ATILHATULAT LAZNNITILATISRUSHINESEEARYT

o

Tvinduluniun
3. Wisuiguaanmnunilaannnsudnlnednaesse uugeeomNTvasdn I LagAuIY

AunuUNIINAaaRUTsuWsuiunsEuIun It Uy wuuldieiesdns wuunsldansied

'
Ly

ad a 1
LALIS WAL b

Nan15398 (Results)

[
% Y A Ya o

Tunwideneumhianeiidelsvinisiiudeganunivzunanuwazlvsunainisy

VDUNYATNIRNEANWNTBZUATUNUTA . 11T 2. WE9918 BINANTAAKENFUNTININGIBENS
Przun anansanenlaanuiu 25 loloian Usenaume wuaiiise 19 loloian wazdad 12 loly
an Saduunidu Lactobacilus plantarum , Shigella flexneri, Kurthia gibsonii,

[y

Escherichia coli wa¥ Serratia sp. Wag Pichia kudriavzevii 31NHaN15IATWUNFAUNIINAR

wenlanudinlustedslivsundsenaumiggaunsdnnelsaiatunsanulanililug aaissves

#98%70 lawn Shigella flexneri, Kurthia sibsonii, Escherichia coli @ laiiiungauiay
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dranldidugdun3dlunsndnainis widnnuniazdiuuilaadeeinunssuiunsiawi

[

U v o PN ° X a = Y X a a e A
LLﬁ3ﬂ']5f’nﬂ?ﬂﬂ?qmiﬂugﬂwaquqﬁﬂwqaqﬂL%a‘qau‘ﬂifﬂﬂ ﬂ'ﬁﬂ‘ULﬂ@usU@Q@auVﬁEJ NA13I08

I [ ~ A o 4 X M Yo a 1 Y oal aa v a
Juladenteniilinwnidvsunlilasuanuiedlunguuesduslaniiauivaluseswes

1 )

guowntiglunisndneinis unegrdlsiauqdunidnguuuailiseuaniin Lactobacillus

q

a

plantarum waydas Pichia kudriavzevii \uaauy3dniiusylevinenisudnniun wesainil

9

Auandilun1sadiveulsdimegeslusiuluniun weadwansassuvesnausaluniuwnls

a

(Hadipernata and Nugraha, 2017) LLazt,ﬁamaaummﬁﬂmLLWImamiLﬁmL%yaf\;auw%éwam
LENAINTLUA WUIRAUVTETRALENLAzInIMadeUasnTavi i uiinudutouvesnau
nurlinnignaiuan Tnenduildfisavfvesnalsl fanuien waedanuuuassaud
Adluuin (Aftertaste) AndnyaatuAy aziu Cupping \AeT 80 ALY s?faqqn'hmm\lsqm
MUK (Azuuulads 73) uansliiiuingdunisidausnulifinadenisimuinunnyes
nulumnsnannnnisudnnunkuuden (wet process) dlevhnisnageunisusinniunlag
nsldnsauaziouled lneniswiunsalalasaassn 0.01%, Wueulsdiuudu 1.4% wagidiy
wulesiandugou (Pancreatin) 1.4% Tuwavsinfiussqudanmumuazusiigamad 35 aam
walea Wunan 20 $2lue ileldeunuuszuugeyomsvesdnd wuinunindinlagns
Wueulwfludiunarnsnisidueuleinndugouiimaasuilassaninnyaaiunu
TngnusiivsinlagmaAueuluiiuuduuanssisnidueuledanduseulianududounes
ndununuinnitgamuay Tnonduildiindulnuminu wu adawazaisma daguuu
Cupping 71 75-76 Az e?qumdwm,l,weqmmuqm (AzuuRdY 73 Azuul) Bntey wandli
wiwmsiineuledlddnasenisiaununmvesanunliuandsainnisuinniunwuuLay
uiidleFeuifisufununiszunsanafldannisndinlasnisuendadovesydunicuas
ulwsifaiaruuanatsainmuritasan

senuatuiaugdideldinsdnwniminnuilasnisnutadoveqaunis
wulesd NMsUTuanMzdsunuusTuugeresuesdnlaun pH wazsvesatlunisudnuie
$ravsuvuszuUM VN nMulAsuLUUTEUUEese NS AR TiftensHAnN TR A A

1. wansvegeunsvdnnwimensuaueulsduasaunsdanalddn luyinndn

Y a a 6

Waynisnaaaun1sranniunlnenistgadunsgsiudunisiueuloli Uiy wazeuleiann

9

Y 1 . o A [ oA a a <
Augau (Pancreatin) Tuviandnussguaaniunuazuniigamail 35 asrwaigea {Wula

20 719 LIBLA8ULUUTLUUE 891115909807 Taailaasutian 20 9alue Armnudunse-

a a 6

A9 (pH) Y09YRAIUANLATYA TRV Snaeulediid1anasain 5.5-6.4 10y 4.02-4.15

Y @ A 14 ! % Q’Jl aa 1 . a 4
LLﬁ@fﬂ,‘ViL‘Vi‘Ll']'13Jﬂ’]iﬁi'NﬂimIUigﬂﬁWﬂﬂﬁﬁﬂllﬂ%ﬂﬁ@ﬂﬂiiﬂnﬁ ATAITUNITU (Brix) lILL‘L!'JI‘LllI

a

& = a a6 el 1 . 1 = <3 1 Y @ 1A
Qwu ImaﬁqmmmeauWﬁJNamaﬂsﬁmm Brix qamm@muamwauaﬂuaa WA AL
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ﬁﬁmiimawauw%ﬁumisJaEJLU?{smgiJLWﬂauiuﬂWLLwLﬂuﬁwmalﬁaﬂ'j’rqmmuau GRGRREGAY
vosgaiiuidogduvadganignmunuiandiifiuinfininainuenaunislén (Figure 1)
Nan1IMAdaUNIUsEamdudalaen1sdu (Cupping test) wudnunfingdnlnenisiiui
Fordunidnanieulesifnaudsuutassarifninganuau Tasnunliivdnlasniaify

WegdunsgrauuenINvrNaiiaududaurainaun1wn (Flavor) 1nnndngaaiuay 1A

9
[ '

U387 (acidity) ATUTIL (sweetness) wagALNALNFoILALTY (Balance) ANTIYAAIUA
flAyuuy Cupping score Lady 76.5 %qqmdwmuw%mwu (AzuuuLadY 71.8) iile
Wisuifsufununderundisimielusosmaraniuiildarnnsmifnudinswauining
U PUVRINAUTANINTULAT I AU, ATy (body) wagsasiRa1luun
(Aftertaste) AN

2. nansnaaeutldefifnadenisuinnunsiasssyuugosenmsvesdn luviandin

2.1 wavosrudunsn-ang (pH) lunsuinnundiasssyuudesemnsvesdnd

Foneaeuanuidunsa-sslunisninnunlaeminnu 3 n55335 1dud yaniuny
AlidugaunIdnauoulsiuaglaiuiu pH, Ufu pH wirfu 2 wer USu pH iy 4 Tuaaa
wiinfiussqudanuruazundigamad 35 ssrwaldea e 20 $alus Aranudunse-
A4 (pH) veagaAIUANanas 910 pH 6 Waglusgau pH 4 uanbiiuininisasnensnain
dunIdsssurAluszninsnsvin ganeaaeufiusu pH 4 Snwnsedu pH Al Turzilya
naFeUiiusu pH 2 finsiUasuwlas pH Windwdndes Fan1siasunlases pH #3ana17
19 AN AINTTHYeIRAUNISlussiYR AR (Brix) Suwliugetu Tnedlondn
AU 20 $2T9 714 3 N39S D1 Brix gendiAEuALUSEINM 0.5 LARRInTTNTRsgAuNIslY
mSEJ'E’JEJL‘lJﬁIEJug‘ULWﬂﬁﬂUﬂ’]LLWLﬁuﬁﬂma Lﬁamcﬂaaummmﬁzju (Turbidity) ¥9en35335417
U3U pH 2 nudildaajuiningamuasuandiiiiuinifinngadyvesgaunidiniouagsl
nsugavaaiienniuiifosnd (Figure 3)

Nan1sNAAUNIIUsEAMANLEln 1533 (Cupping test) wudmunfingnlaenis
LamﬁaﬁaqﬁuﬁﬂmamLauVLszJﬂLLazmsiJ%’U pH fnmsidsuulassanAanyamuey laonns
U%u pH Tunsudnsilinun Sanududouveenauniul (Flavor) Windu dannusen
(acidity) m1U127U (sweetness) Aunaungeutiiudy (Balance) wazaududuy (body)
findngnAIuRn M3USU pH 2 SlAvuun Cupping score 1ABfl 80.3 Fsganitnuviyariuny

(PewuLRAE 71.8) wagnunninfiusu pH 4 (Azuuwiade 76.8) (Figure 3)
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W Control B pH2 WpHS

Oh 20h Oh 20 h Oh

O = N VWA U O N Y

20 h

pH Brix Turbidity (x100 NTU)

Fragrance/Aroma

Overall 40 Flavor

Sweetness Acidity

Clean Cup Body

Balance Aftertaste

Uniformity

——Control —e—pH 2 —e—pH 4 -e-Civet Coffee

A.) Coffee fermentation profiles explain in pH, Brix and Turbidity (NTU) and B.) Coffee

cupping spider of three treatments (Control, pH2, pH4) and civet coffee.

2.2 Hav8da1 NI SUINNILNA1aDIEUUEDEDINNSVRIEN)

nsndnniulaediuqdunsgraniuioulediuudu oulwdaindugeu (pancreatin)

waz N15UsU pH Tuszuunisndn Tiwindu pH 2 wiinuiu 18 way 24 Falus 1o
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AN 1SN nUINAEaUlAYNISTUNUINNITATNNLNUIY 24 FILUIAINARDNITIRNAINL
FULDUVBINAUTANLNTITY LB UTIUNEUNUNITNIIN MIENIZL RSN ULA LIS L8 EIadY (18

H1l319) IngAziuuveanadu (Fragrance/Aroma) Uag 5a (Flavor) inguuugedu lnsilaviuy



4989 8.5 AzLUU kagAzUW Cupping score 5IUVRINITULN 24 Frluunadei 82 s‘z’iaqqm'j'}
NLNYAAIUAN (AzLuUAAY 71.8) uagnuiiviin 18 $alus (Azuuulade 78.5)
2.3 pswinnunsiassssuugatomTER InunssLAsAREeN
dlosrassszuunmstesomsdnlunisuinnunlagldqaunissuduieulsiunay

9

WuBuuazunuasiefu a1 Figure 4 Annudunsa-ang (pH) 2 Wwnan 24 41l wae
nageussAUsEneUmManivesnaunuimlnenisataansuadliiangaduiiduiaanslnonse
(Solid phase microextraction, SPME) 3tAS1¢% ¢ 28 Gas Chromatography — Mass
Spectrometer (GC-MS) #WU11A153180458UUNTEga msdndlunisndnniunlaely
PdunidhutueuluinauudunazunuaTiofu fnudunsa-as (pH) 2 1Wuan 24
Falus annsavdusyivanuduturssansedlunulidutulsivsmalndifsstuniun®
vgun lauA Pyrazine, 2,6-dimethyl way 2-Furancarboxaldehyde, 5-methyl Felvinaulu
ﬂa;iusuax‘iﬁlja ey 2-Furanmethanol, acetate e 2-Methoxy-4-vinylphenol Felvinauly
nauralsl wazndulyuminy (Table 1, Figure 4-6) Msasuudasnrmiduduvesanslvingy
Tunuflanvganangauniduaziouleidldlunmeaeuidludesnfavadvielaseaiis
vaanuniilunslulawmsnuaziusiulidvundnasvasuduasiiuvesasiinauly
nMungaslethluiiAzeduanufoulasnismislindunagsaiuansisiuly ainuanis
nnapetInaIdenAdestUTIBUYET Muzaifa et. al (2018) FuUSsuiiisunausavasniud

YLUANLAAINTITUVIRLASTZUALASY 1a8F189UIN NN A nszunnenfelulrsssusRay

a a

Tnduwazsalulnuves 07 Asuuy agulng nduiun waznduna Tuvaeinunilaanveun

[ '
a

Ges arlinaululvuves g Jun ndune wazndunaldl uansbiiuingauvsduasioulsly
lalunrsnageuiunuimiagaaudifyaenisiudsuluasusunuaisieintgluniuine
LBYULUUNSHANINABISEUVEDUD1UTUBIAN
Wieyhnswisufisuauninniwnilaannisudnlagdnassssuudesamisvesdn
LaEAILIUAUNUNIIAaRUTsusuAUNSEUIUN SUINLUULAY wuUldATeedns waswuy
n1stdarsiall wudnrsvdinnunkuuasfutiuldiaaiuinndt 60 Filus Wendwgaegia
& L Ao A H | ) Y a A AV e
auysal lngluusiuninsdsuiluvendnnniuiieannisiianduilaifiauszasalunium
1 QI ::911 = Y] 1 @ 1 Y] % o o = £
WU NAULUIE MIeannavinlaen1swidaniwnluteniin 1 Yukazyinnisiailenlnely
1A599905 Belandsuluiiwazinunndnnedadiiinnisvuounduasesdnstuniuwulls il
AuyuUsTaIn 35- 135 vndeilansuaisniuil (green bean) usiognglsinuudinniswilin
lngn1sndnlagdnaesssuvdasoinisvesdniszanunsaauganimviinlalussegiian 24
Falus Freaansneinslunisuinlaud vawazUsunan dadudunudfglunisudnniun
91570 Ate 80% waglin unfdaunMANGUTARANAI9INNTTUITUHUUABAY Walllasain

nsuilnaanatisndudesldioulssl 2 Tawn oulsliludu wazouleiaindueou
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(Pancreatin) lun1s¥iggay vilvsunulunisuinnuwnasdisuszana 180 vmsedlaniuans
Nl Fee1vvzanIuTuivaun nveeulsdldlunisudn Jeilinismdnniunlag
n13dnaesssuvdaramsdnilimungsenisldlunisndaniunusunaunn wangaudenis

wannluszaunsillendmiundugnmniaiudeinisianizmiiuy

Nutty

Millions

Fruity / Sweet / Spicy Almond

Caramel Potato

——Mlicrobes + Enzymes + pH2 + 24h ——Control Civet coffee

Figure 4  Coffee cupping spider of simulation of animal digestive system (Microbe + Enzyme +

pH2 + 24h), control and Civet coffee.

aqﬂmamﬁ%’a uazUBLEULUg (Conclusion and Suggestion)
mATeilliinsAnunisvinniunlaesassuuuszuuesemsvesdnd e
fiaunaunnveamuilidiaatuuandanmsniinnuuuudaiy annismsunudng e
YoulIATaNANITIEUsEnouR1e MnHan1sauengAunisnuitlulvsuatsenaudae

N oA

aun3gmdudszlovd lounwuailiauanfin Lactobacillus plantarum wazdas Pichia

a A s

. .. ¢ 1 &Y a a6 a
kudriavzevii \lugauvseniiusglevisenisndnniun waggdunidnelsauaviln 3nuagey

o v & a a a6 o ¢ a ¢ Yl .
nsudnuansliiauinisiugdunsdrauiueulsdiu iy teulesianndudeu (pancreatin)
war N13USU pH lussuunisuddn duasdenisiauinunmuasnunliuang1931nn15nin
AWINLUULAYN WAZNANNTUGDUVDINAUTANIWINANLN wagsTlauUSenlununAway
savfA1aluln (Aftertaste) Andnuwndvzun Tnen1susu pH uaulvegludae pH 2-3
Tnensalalasaassn uAududauveInausales wansliiiuinnisdeslasias1eaveanium
ENIATILATHIPUNAUSAIUNIWILA waziilaSeuisussegatlun1sunnuINnIsEiy
LAUNSNINALAINARDANTINNAIUTULTDUVDINAUTAN LN EIUU LA8a1IMUNLAY AD

PINN AU 24 Tl A15RINALNIALINADITEUUNITEREDINISARIE1LNSaUSUTEAU
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AU Tesansiaiiluniuil 1awn Pyrazine, 2,6-dimethyl wag 2-Furancarboxaldehyde,
5-methyl @alvindulunguvesn wag 2-Furanmethanol, acetate kag 2-Methoxy-4-
vinylphenol &slvinaulungunalyd wazndulvuminu Wiiudulidusinalndifeaduniund

YLUALR

a =
NANTIUN 3

Anw1dnI1dIuaT Cafestol uaz Kahweol Tununsian1swauiamnIn
uazenanwalnunianizau
Research on ratio content of cafestol and kahweol in coffee responsible to

quality and authentication

o & o 1

A §ne7s geygyn dRgua 9nsunT Y8915 wag J4An31 EATMUINYSA

9

unfnge

AMAN : ansaalng, asanles, Snanuainum, WAIHERNIWH, ALNINATLN

uwdsndan1un Wugaeiidrdyiiienisaitenuidesfugnisienionusuas
fuslan a3 diterpenes feglulasiulununifivsinasosas 18.9 vesnunlnefifingna
Tuadnuaznsaurdfifnidudiulvg lnsansusenau diterpenes AdAnyaessdialiun
Cafestol tag Kahweol wulnlun1uw Coffea Arabica way Coffea Canephora azildza
vosUFmaasnduiinadiuiing 90 Yundsmenuiulnedadofidmarenisazauaisas
Juogifuuvdmanniunlduiseduamiugaesiuiiugnniu gaungiieds Uhinadutusui
anewugnI asmiﬁﬁmmﬁamuwLeﬁwéﬂismumﬂwigﬂ IgnuieansasuuUases
USunauans diterpenes Tunszuaunisiienuanudeu Tnaaniznszuiunisain maiusnw
MU N13ANILALAZAITTINIUN WiSs1dIuresasTansiind Uuiuasiidadonds
“Snsrdruneasdn’ Anvludedinlusssundnily JadensanasulunsdAnuilufiui
naaouLdndmianugningrvesnisiiasundasU3unaans diterpenes asagalduanisify
fnwinwaznisfaniun aiiitemununimvosnunainanedendudesinunssdures
USunaansdindilaenishdvinuisansniurifneamgll 60 ssrieaidea nsiiusnwians
nunlugsuila HOPE msmnuitldnanlidesndt 8 wifikaznisvsnuniil 25 - 30 Junil
FeifuUIanmunsans Cafestol uay Kahweol Tatsuanfieisnmnmnisndnniunuazsn
é’ﬂwaﬁimLLW{??&Lwimsﬂqﬂmaammmil,lfdﬁgﬂ mamﬂ%aqﬁmmimimﬁwuﬂmﬂ%mmma
diterpenes fvundndnuaiiiansniluamugunndnniu Aufimgugnniu gnns
nI9aeUdounduAuATNUIIgn1sAUeTiiiesTTa daaSunIHERNUNRAANESTUY

Y A&
nsammdusssulusuinn
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Abstract

Keywords: Cafestol, Kahweol, Coffee authentication, Coffee Single Origin, Coffee
Quiality

Coffee Origin builds up the most margin value for building confidence in
coffee trading and consumers. Diterpenes are found in coffee fat that accounts for
18.9% in ‘Thai Single Origin Coffee’ that contains mostly linoleic acid and palmitic
acid. The two major diterpenes, Cafestol and Kahweol, were found in Coffea Arabica
and Coffea Canephora. They both accumulate since 90 days after flowering which
differ upon to coffee production area complete: the altitude of coffee growing area,
the average temperature rainfall, also the coffee varieties. However, the amount of
diterpenes could change once again during coffee processing especially during heat
treatment process, such as the drying, the storage, the roasting and the brewing. In
parallel, the results shown the constant ratio of the two diterpenes, which is called
the "golden ratio", found in all living things in nature. When practicing in seven
provincial test sites, two critical points of change in diterpenes content were
observed: storage and roasting. In order to control the quality of the coffee
consistently, it is necessary to maintain the level of the aforementioned substances
by not drying the coffee substance above 60°C, stored of the green coffee in HDPE
bags, roasted the bean not less than 8 minutes and brew the cup at least 25 - 30
seconds. In conclusion, the amount of Cafestol and Kahweol indicates both the
quality of coffee production and coffee identity from planting as well as processing.
The effect of using the knowledge of the change in the amount of diterpenes
determines this identity and thus can be used to regulate coffee authentication to
trace of coffee origin accord to world regulation and promoting the production of
quality coffee for further fairtrade system.

uni (Introduction)

a1sUseneufidinadosndnuwalvesniunfidfyiiiosuundszinnusnainnis
529890 DNA yosrdanundadalddrsgeuarldnauulunismeasy uazsaoiing
nszaewudnannunluilanlifngruneuiueulunisauguangiusnuiilslianse
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Tuunwrasnuvesniwilanids nsldmalulagauledindiadumnevvestyninig

=

PuundndnualvesnunlagansuseneuiidAyresnuniiaunsassuinanimuesniunld

tuavegluinduveawdaniun lnendsainnisuussuniuransusenevfiazaneunls laun
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nau savesniunlazaunidesgludurosifulumdaniu (Coffee oil) Faannslingigy
drutsvnavvesiiulumdanuriduszyssneuldeansusznau Triacylelycerols nineg
8¢ 75 wazans Diterpene ninfavar 20 lneUSunaesludiuagegludives triacylglycerols
waznuItUsununsaladuludaniunazuseneunensalusiuvia C16:0 (Palmitic Acid)
uaz C18:2 (Linoleic Acid) sanunozs10fuaslsvac

@19 Diterpenes Tuniuw Wuansvina pentacyclic diterpene alcohols fifl kauran
skelenton Usznaunludns Kahweol wag Cafestol Lﬂuwﬁﬂ%ﬂmiﬁgﬂﬂawﬁﬂﬁwLLﬂiﬁula
poUSuIunTA mm%’auuasLLawTﬂﬁmiﬁﬂmLﬁaﬁmummmwmLLWismNmiLLﬂngLgfm
andnsldvsunavesasvieildun Tuszninanisdaniuninisldans Cafestol iuans
fvuARAATNANIAIN NG sHANS AN WA A UATsUTINMASIUALA UM AN
syinanunersiinuaglsdaniladneie (Speer, 1993) Ingluuseineleasiuinislaans
Cafestol Tun1smmunsedunIsinunfisinisiauisnismilnenszuaunisidenia DIN
Method No.10779 (German institute for standardization, 1999) Yonaniieaiinns@nen
MsasunlaswesUsyinmasiaaessialunseuiunsven L (Silva, 2015) l@eSuneiia
nsiasunlamesSnaasiinansenintansmagouresnuiloamaaleinUSunaensng
aoswiinazanasnn 58 fadndude 100 n¥u 1y 30 Fadn3ude 100 n3u INguvgiid
WasuwUasan 70 ssrwadeadu 90 ssmsaded

N1SANYIUTUIYDE1T Cafestol hag Kahweol §elviarudiAgyianansznunig
aunmdnielasdisnenuinaisngy diterpene assiinidsuatensaaisfvesasii
viln Aflatoxin B1 Ingnanisnaaevlumaddulunymaassuaziwaduyudilasunisnsedu
FrvansieansrdniuiAsendediuans  Aflatoxin B1 vinliAnUfAsen AFBO
detoxification n3en1sduatsfivennanwadiuislunynazuyws (Cavin, 2001) Tnodl
nsanvuiinusualuwamdanunindnisnssaesvesansisaeusialudiuiiegues
ﬂ’]LLWﬁgﬂNamLLWﬂﬂ Tunuruarduntum Eloy Dias, 2010 WUMAN1NT20AIV09ENT
diterpene Tu endosperm wag perisperm yoamuersdfuarluilona (pericarp) waglu
vosnunlsvad wansiifudinisazanvosUmnamsngudndnsaudlusUannizdgn
AABANITUIUNIINAR Taendnsadinuniifiuneniuiesnaianunisnanidisiadiunaud
mmaaLﬁmwm”l,éi’uazaﬂamﬂﬁwﬁmlﬁmiu 100% ®z3101" m’%amLLWmﬂﬁuﬁqq (highland
coffee) Tainstududsnanisldans diterpenes ssansuiinlunisauaundndnsiniuly
VoImanuN1sANYI8Y Schievano,2014 Aifinswaumdnnisaes DIN 10779 Tngldiades
Nuclear Magnetic Resonance W ALENEANIUNITATIITATIEARAAIINTINEIVBINTT
As9deUUSinaeiiegsnui uaz Burton,2020 Tunsldusuaansiansiinnisiune

WIARTINIY0INILNAILAE AINEINTIASIUAUN LA
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sz108U75n15398  (Research Methodology)
1. Ysziawdde - sddeduildadunisiasigiaisngy diterpenes wiln Cafestol
waz Kahweol Tuwéinniunasnanszuiunisndnsnuawuamaaouauisguilnaiion

v v L3

BNINFEIUNUITDIDRANWA] UFuAnuUanNIsUasuLUasundUsuIuanswas ons1d@unaunss

[ '
A a 1 [y

Tgduunnuluiunanssiulalaendnmanad
2. @oufivniside - AudITeinunsratalisdlny, audideivaiuiniGTeene),
nediduuazimuTIngIMIudanmsiiuiienazilssUnannainyms
3. Srggae iUy AaAY 2563 - Augu 2564
4. Fmsauduns
1. WUINTTUIUNITUATIZRA15UTENOU Diterpene lwiudanntunaisiug Coffea
Arabica waz Coffea Canephora Tnensldnsasminsiulaednuyasinds AOAC,1990 uén
Wau3sTnsziansadnlngldiedes Gas-Chromatography
2. WAsenUsunnans Cafestol kawans Kahweol naaansEUINITHAANIWNIIUIY 5
fupouRusniznzdgn nmafiuier nsvinniu msninnIu mafuineiniu nsd
NUNLAENTTUIUNTIIUTEHUAMAINA LA
Sumouil 1 msmnuazmsivinynum

1. wdsasniwnlunisannlagnasduiudaniunluiegieissulaimaasias 300
n3u wazsewiemafiuinunmnddainaennaininiuinwmanutuliiudesas 50 Taeiiu
Fregrsnuniiieliasidegimaiiewduiat 10 WewAvlunszaeutu, geydies
Grain Pro (HDPE), 93 PP, 94 PE, 94 HDPE uagnaanseawiunasey

2. Anwnamsddylusdaniulaoiedosufalasuilnsnsmiinsefugsly
WaenumurnmzunfinaznneiifaanmninlasAnwinisuannsauIunaens Cafestol
ey Kahweol
Fumaui 2 msAanun (Roasting coffee test)

1. Anwiguanmdanunundunathivesndn 10 Weulunwuziiussgany
nssuABTldnaianlutuneud 3 eftethandnvinavesmaidsuulasuesUSuuansddny
Tnensidonn1smnanauy Fullcity Roast (@aumailaitiu 240 ssmiwaieanan 16 ud)
Lﬁaamﬂmﬁmmsﬂzjm Polycyclic Aromatic Hydrocarbon itfuansiiwlunisudnniuné

2. Anwsinaasddglusdanunlaendestasunlansfluswiugdudon
wunulamgUnuaznngiiinainmsvinlasAnwinisuanniauIuiaans Cafestol uay
Kahweol wvaiduansnusilaidn wazilnedsunaigamgll 240 esreaidea 1an 5, 10,

12, 15 wag 20 U

Tupoui] 3 nN1399n M (Espresso cupping test)
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1. Anwigaamnuiusfisseznatlidesndt 10 Weulneldussyfusinlvinad
Tuduneud 3 uazMilinaiinfigaluduneud 4 WothuAnwwavesnavdsuuvasmes
USinaansddny (quuaiiliiAn 240 ssriwai@eaian 16 und) eannsiinaisngu
Polycyclic Aromatic Hydrocarbon duansivlunisudaniunfuasnsiaun Perfect
Cupping Inan1snageu Espresso Cupping

2. AnwUimamsddgluwdanunlaeirioddasunlansfiussiugsuudon
ununanzUnfLaznMeiiinanmsusinlnefnuinisnanansnuIunaans Cafestol uas
Kahweol laglgdniunvsiuu Espresso Usunea 9 nfuvaesaan 5, 10, 15, 20, 25, 30 U1
naaaunisliesdninuivesdnindiuvesans diterpenes luituiiulasnundidemdy
nsdldnwidiuau 7 famdaluaniuiinaasauazulasniuinunsnswidlouieAnwinig
Wasuulasesansddnluiiufiess amadeunssuiunisuae AINGALALUTLAUALAIN
N

HaN15398 (Results)
1. #an15ANEINTLUIUNITAATIEEINEGY Diterpene (Cafestol wag Kahweol)
wazdadenisnisiwizugnianisainnmunsaUsunaasanAey
ausaannans diterpene MAANIULNA283T Soxhlet IiAT1EiA8 PS-GC-FID

AATAATIEWEIE GSLS wag AOAC Tnanlunsadaiiios 4 Falusuddnarslagnisld
NSEUIUNIT Pulsed split inlet (PS) ﬁqmmﬁ 330 aernadealdnnuiudl 25 psi Tz
Tnewp3o Gas Chromatography - FID agauswiia Elite-5MS column (10m, 0.25mm, 0.15
rm) feamguisusuil 50 asrwadea (0.25 min) Inedns 15 C/min 89 380 04A1
waudea (10 min) wuUiinanhsiuaiaanudanuinuiiiviinaleiulussmdlnenis
oeffl 10.45 n¥usle 100 n3uwAaniunivisluniun C arabica wae C. canephora lagU3un
213 Diterpene ester Munguues Cafestol way Kahweol wuinilegifiesionay 18.9
windudsdiutseneuveansalufunuindunsalutusiuiu 2 siandnldun nsalaluadn
waznsaUndnn uenaniazlinuansngy Kahweol lununanewus C. canephora Tunis
fimuans Kahweol Usuaauunnlu C Arabica Ussung 516 — 590 mg/100g d1UANT
Cafestol Huagnulununliisaesyiauniiando DAF9O - DAF150 dadudrafuiieives
whanunlasnudedunnituiunn ratio ¥94a73 cafestol/kahweol tufluumnsiily

[
[ 1 v 1 [

FraIRInaIiiamnsanus C Arabica lailuaesnqulauiiuiiganitssduimeia 600

Ao 1 Ao 1 1

WRTNLOAT1AIUTENINN 0.80 — 1.50 wae 1,200 WwnsTuluNTens1dIusEnIng 0.10 - 0.50

(%
a

@11 C. canephora Wudns1d@uAsnN 180 - 200 wenanilgamgiuazUSunaniculunug

Ugndsdamasanisildeunlasdnsidiudnig wenanillinunsivisunasresdnsidiu

Y

Y83a13nqu diterpene MsaptogeltpdAny lusenInan1mdniaznITnINN I UEANUNIS
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WasuuUaswesUTunaas Cafestol uag Kahweol Weidenldnszuiunsiuisiiinnmdou
adlneUinuasisansazanaduUiinunnidefisuiugamuauainiesay 50 - 75
dssasion1svaaeuTazes underoast (Munlian) viengusawAdiAuLazinen Feilaany
Fuduegrsdslunmaianutilafieledovesguunidenanmnuviseld

2. Usuaudns Cafestol uae Kahweol wiautadanisiiusnwiuaaniunaiag
e iidanadausunaansdrfny

o w ad

HaN1sNAaeUNsAsuLUaassIaasddvean unluussydaevg 6 nsud

o
¥

wuimdanvedeuiiuasmuigamgiitaranudumugy nunsiasuilamesuiing
amaﬂﬁuaqﬂ%mmﬁwﬁu‘[mswLLasmif‘i’wé’ﬁy Tnenuidausnainisifiudne 210 Judls 300
funvhansnuniAvlugamuay, geaesuazgs PP seal Jnadviuimaiifiuanasosig
wnlaeudiedinsneiusinnans Cafestol uag Kahweol Sanunisanasesansiananifaeu
§n31 /K avanasfivndntesifounsfinnAniudy Fuandliifiuiniidies HOPE fianunse
AuANUTIaTusararsddy 169 Tnefige PP way PE fianunsamuelalndifeatudilsl
touninfesay 10 vesUiunnusudu lneduilvguinusunaeendudmasonaiudsunlas
suaﬂil'%mzumsﬁwﬁaﬁa 2 %iin

3.U3u10815 Cafestol waz Kahweol w¥audlaseni1saaudaniunniazanggd
danasiaUsuuasdAey

NAILATIZITULNAIENS Cafestol wa Kahweol Tuniundann 7 aaufiugnnnumitls
nadeuUSununsUasuuUaswosasdidaly ¢ funsudisdudndunan 10 Wew vinns
NAFDUNIAIBBULUY Light Roast (gaunniilaiiiu 180 ssmwaifoaiian 12 und), Mnans
LU Medium Roast (gaumgiilsitiu 220 sarwaioanan 15 unil) wagdaduuuy Dark
Roast (gaunaiilsiiAn 240 semwaioaiian 20 unil) Lileannisiinaisngu Polycyclic
Aromatic Hydrocarbon Afuansivlunisudaniundanuinysunaeansis Cafestol uas
Kahweol fU31manauiiedinaisuuy Medium Roast warUSaniindudodduuuy
Dark Roast ynfeg1alaedanuinluniunlsdani (C. canephora) 3swuans Kahweol oy
unuisafutuneususarUunasasdiues Cafestol/Kahweol aUasuutaiio
Lé‘ﬂﬂaaiuszwmamuﬁﬂgﬂmLLWI@aaamﬂé’aaﬁ’umsm?{sJuLLUmsuaw%mmmi diterpenes
ﬁanQ%ﬁmﬁlﬁlﬁﬁuaeuJﬁuL’Jmﬁiﬁm’m%’au 40ARd0aiu Eloy Dias,2014 flo3ue31ans
diterpenes ﬁgq@jazamaﬁalﬂu dehydrocafestol way dehydrokahweol &0 8 WISy

ANLNNTBEEL 60 — 75 LAaLaTLUTUIUAINADIUIUNTLUIUNITA
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4.U3unauan5 Cafestol waz Kahweol wiauiladanisseniunniazenegiidanase
Usuauansanasy

WUIINAVBIVUIANILHUATINUNIUIALEN (FINE 200 — 400 um) HUSUManT
diterpenes unnIaRiuaneUTEaansaes Ul nuiidudatunisaaiiunnnia
sleunaziBestuegrilsfimuienSouiiaunanatn (percolation time) wuinszezaIves
Arsnurlunazden (FINE) 910141981 35 + 3 Jund amus? COARSE Tdnandfivs 10 + 3
3t Fauanslififuinansusznau diterpenes aziivsinannnidefinsataiiuviunit Taewle
Mnsnaaeunalunisaimuioudfisutunisuassauidenil MEDIUM FINE wuUSunaians
wnfigafiaan 25 - 30 Juril Tadaenadestunanimageududinuiminldnanatnides
N1 15 Juniiniunaiisavdseunazminiiu 30 Juniisasfaziduld egrelsAnunua

Usunalusiunanue (total lipids) IneliunuySuanddsuntamaiainiaiadiaf 10 3und

D

WillaenAdoIfuNaNIMAABIes Caprioli, 2012 ﬁssudwmwﬂmm?aqLaamaa‘lsﬁﬁu%m
nsafalusiudt 10 Suritusnuazesnuiiswdntosndsantiulaendsan 30 Suriiagldl
lusiudnuazUSunnaranaiesanazitmean iy %anﬁuamaamLLWﬁ?u%agjﬁlumu
voslusuilfsdunansmaaesisaduayunisiaunnsatanunlsld diterpenes gowaylushy
WoLNEIANSEIINg 25 — 30 Juad

5.n3dAnwIRan1sABULUANENS Cafestol waz Kahweol aaaanszuaun1swys
31J°Iuﬁuﬁ@uej‘miﬁﬂuimLLW%aaniaﬁmmsmws

nan1sAsuLUAUDIENS diterpenes naaanszuiumsnannui I lunaaeuidu
nsdlfnw Wisuisunsalufiufineaeusiuiu 7 Swmfeuvadu 6 aandnaasuazulas
nuAINITeAY 7 uamadeuuatiaTeteiuiiay 40 uUas 9 280 LLUaQﬁUQﬂmLLWSSﬁ
Il LLagiiﬁlﬁG’TﬂUizﬁUﬂ’mugﬁﬁgﬂLLﬁi 0 - 1,200 WASINNTEHULNELA maLLiJigiJﬂ’]LLWﬁ
WAnANAULAZ ST UAIUMSTIRUSUABUALSEUUN ST NN S euve9n SU3BINSIN YRS
ImiwazL%&JmmuWudﬂuﬁuﬁﬁaﬁmm‘mammmaiumzmumil,migﬂmLLw&gaLwimWﬁﬂ
AU Mafiudne Msfnuilsmiansvenuniiatdmarihlifansdsuulaes
USunauans diterpenes AN aoayAIngadIAyAoNISYILTINILH LaEnnsAN ST
SHudutureuiiiaufeusniioides é’m%’umslﬁu%’ﬂmmLLWﬁ?umwmmdw’tmjﬁu%’mm
Awlaiiy 6 Weurlisualdinswdsusdasnnmiiewlunismaaes egelsiniy
Snsnduvesanssansianduiivunnaed suiilomuiasnsdiugenannuindiviunn
AafidanAnnsIAUIRE T wansliifiuisndnuainunianiun Carabica way C.canephora
srulsiunsetuwnamdnduddn newanigly Ccanephora AfiUuna Kahweol dnfilil
wunafisduresansfnanssrinssuiumaussUuiesndla Madsnsdudnaiingg

v \
[ [ ! o v A

naeanszuIUNINanilnalludnsdrudrAginisvaasasondt dnsid1unesdn (golden
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ratio, Table 3) fasinnulusssuvfisldaiurednanuwaifaiuisausuanwunasnanniwnle

1ULD9

Table 3 Authentication and Identification compounds (Cafestol and Kahweol) ratio in perisperm tissue during

C. Arabica and C. canephora fruit development (DAF 120) in different regions

Varieties Region Cafestol Kahweol Cafestol/  Cupping Score Cupping
(mg/100¢) ° (mg/100¢) ° Kahweol Characteristics
Ratio
C. Arabica Khun Wang 27255 +29.9 1009.48 + 71.3 0.27 85 - 87/100 Floral with touch
(Chiang Mai) of violet
(Geranium)
Wawi 413.88 + 30.9 985.43 + 20.3 0.42 88 — 90/100 Spice with hint of
(Chiang Rai) chocolate
Loei 9790 + 1236 890.01 + 25 0.11 78 — 80/100 Acacia (citrus
(Loei) floral)
Khao koh 674.78 £ 25.6  758.18 + 30.5 0.89 78 — 80/100 Corn and
(Petchabun) Bittersweet
Muser 943.75 + 128 699.08 + 12.5 1.35 82 - 85/100 Grain and Citrus-
(Tak) Berry
C Sawi 22752 £ 37 1.255 + 0.512 181.29 87.=91/100 Bergamot and
canephora (Chumporn) Pepper
Than to 406.27 + 152 2.081 £ 0.122 195.23 78 - 80/100 Cashew nut and
(Satun) Walnut
Mae Ramad 387.09 + 2.5 4.345 + 0.13 89.088 78 - 81/100 Peanut and Green
(Tak) pea

Data are means + standard deviations. DAF, days after flowering

*Measurement conducted using gas chromatography analysis.

Biirelgpenes valmation during cof

€% Ootewn e

Figure 5 Summarize of Diterpenes variation during coffee processing life cycle with
the critical point of diterpenes amounts which refered to different processing
techniques

ayunanis3de uazdalausiue (Conclusion and Suggestion)
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a15Usenaungu diterpenes a1unsaldlun1siuundndnuainunaIunann15ve9
chemometric nanafenguanslinduluniunilegludiuvesnsalesiilunud Snvisansnguil
HedawasonmunIwnWWNie C arabica kag C. canephora WitHANNARDIT W LAuT
U31nauues diterpenes uUsunmumaanzdgnniunszninedesay 18.9 dmsunuly
Ussalne uiensrurunsuUszunundsdsnadeuiinuvesansiiuandsiulagians
fumeuiifianufeuRstodldun n1smn nafuine msdauaznissaniu faiiilonay
A mvosnuliainanedsdndudesdnvissivvesiinuasinanlnenislivius
asmuliAnenmgll 50 ssrwaldea msiiuinuansnulugein HOPE nsmnumiild
nalitfosnin 8 uniuagnisvenIund 25 - 30 Auit lnellefiansuiasdniednsdau
58WI19a13 Cafestol wag Kahweol Ailuansuszneundnndunuindnsdiudsnaindinig
Wasuulasosnnudminifuiemieunuagasi dasdmdinanissanmseld Suunde
dnuainuliioninsraseudeunduaudniunlunisfumundadalasianiznisdiuun
SnantsnausEinenunaeRusiAsugiandniis C arabica war €. canephora lneans
Kahweol flagnudTunasnnluniunezsdmuasdosmnvieunuliillunulsdas wans
naaestliiuinssuunmAenuRusmamneUgniidulimsarauTinuasiaesia
FaudTuil 90 ndsmenun (DAF90) Tuﬁuﬁwaﬂqﬂmuw%zﬁummqqmemﬁ’u GNALE
puvndfuiineUgn wasUiinaduivildsnsdiuresansiaessindauuandieiy
AUUNAINGAN WU LwiLﬁaLsﬁwéﬂizmumsLLUigULLﬁ%ﬁmiLﬂﬁauwaﬂuﬁmﬂ%mzusuaqmi
neaeswinnndeduddyioaiudeu lunsyuaunisiuie nsvuaunmsiiuinenunly
usssinaein Msfanunlsudsnssniu Tnedonuiunnuougmuninfiaiy
voatiinauansvansingstudandululudnvazduun vilimeulandauufiguvemdnns
14 chemometric vas diterpenes luntuniialélunisnsiaaeudoundurosdudiniunly
nsnpaeuszFuamaaeufadunsdfnuiludiug 7 Swialussmalnefdmuinuzu
a3 diterpenes Saannsaneulandiiieldszyunasiniaviodadnuainiun laggaingnd
drdyTududunsruaunisfininneasnsliiarudeuluwdantunuaznelfiinns
WaruLaweiinuaiazanun muedailiiAndnuugianzii uisnidiues
Cafestol wag Kahweol Fudansiiliiudsuuvas erananldindnsdiudenanniedu

= L2 U L4

dm31d7UN03A1 (golden ratio) MUudsnwulusssuyifvluiieldssydsdnanual

v v v L3

waanlle MAvdndnwalveinunuazUsuenAnN I F98otdufULUUNITAIUALLAGINGS

[

LAZNITUILNITNEANILHEN1TAIVANAMAINBNTINIMUABRAN valuaIN LN E DU

Y]

saganlaamuiulalunistaviswazn1susiaanundusunatanunlutlaaduninig

9

wistun1sHann wLaznagnsnIsnaIailUudsuwlamanniia
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