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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 watercan 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 wasable 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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Figure 1 Coffee fermentation problem analysis and by-products from coffee
processing

Figure 2 The life cycle of coffee products and residues generation steps (red boxes

indicate major steps of coffee by-products)

Figure 3 Growth of Colletotrichum gleosporoides in control compared to 40% CPE
(Cherry Pod Extract) in NA for 30 days of experiment

Figure 4 Application on nursery for young coffee plant (butterfly state) using 40% of
CPE and control replication with in prior infected by Colletotrichum gleosporoides
Figure 5 Cherry pod transformation for on-purpose utilization on foeod products using
sun-drying method (14 days of exposed sun-dry)

Figure 6 Cherry pod classification for on-purpose utilization separated by grind size
Figure 7 Principal Component Analysis of orange properties described after using 8
treatment of coffee pectin coating suggest in 2 groups varies by their appearance,
chemical content, and sensory evaluation

Figure 8 Chromatogram analyzed by HPME-GC-O-FID-MS of Coffee Flavor profiles
using reused water (Brd recycle) for fermentation which obviously shown the
augmentation of flavor amount of volatiles compounds, mostly in fatty acid contains
when using recycling water sample.

Figure 9 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.

Figure 10 Important following parameter during coffee wastewater treatment
iimportant parameter of wastewater during coffee wastewater treatment described in
the increasing of water pH contain and the reduction of Total dissolved solid (TDS)
Figure 11 Field application of coffee wastewater treatment concept in large scale; (a)
— (e) show the upscaling for 100 liters treatment and (f) the pretreatment water after

wetland from three treatment (landfill, canna, cattail)
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Figure 12 A.) Coffee fermentation profiles explain in pH, Brix and Turbidity (NTU) and

B.) Coffee cupping spider of traditional wet process (Control), fermentation by using

civet microbes and enzymes (pepsin and pancreatin) process and civet coffee

Figure 13 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.

Figure 14 Coffee fermentation profiles of four treatments (Control, HC|, Pepsin and

pancreatin) explain in pH, Brix and Turbidity (NTU) in fermentation jar.

Figure 15 Chromatograms of chemical compounds in roasted fermentation coffee

and civet coffee.

Figure 16 Chemical compounds in roasted fermentation coffee and civet coffee.

Figure 17 Coffee cupping spider of simulation of animal digestive system-(Microbe +
Enzyme + pH2 + 24h), control and Civet coffee.

Figure 18 Ratio of Cafestol/Kahweol during C. Arabica Fermentation period

Figure 19 Effect of different drying method on Cafestol and Kahweol content in

perisperm tissue during C. arabica fermentation

Figure 20 Shown evaluation of coffee oil.content in six types after 210 days of

storage

Figure 21 Summarize of Diterpenes variation during coffee processing life cycle with

the critical point of diterpenes amounts which referred to different processing

techniques
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Table 1 Average ratio of composition of coffee pulp in Thai Coffee
Table 2 Average ratio of composition of coffee mucilage in Thai Coffee
Table 3 Average ratio of characteristics of coffee fermented wastewater
Table 4: Average ratio of pectin composition in coffee pulp and coffee
mucilage
Table 5: Identification by FTIR & Characterization of pectin extract from coffee
pulp & coffee mucilage compared to lab and commercial standard
Table 6: Properties of Orange Coating by Coffee Pectin after 10 days of
storage at ambient temperature in plastic basket
Table 7: Average ratio of Coffee wastewater in Doi Chang coffee production
site, 2021 production years
Table 8 Description of chemical and flavor profile of coffee bean using coffee
recycling water to ferment compared to native coffee fermentation method.
Table 9 Field trial on coffee wastewater treatment using three wetland styles
(Landfills, Canna and Cattail)
Table 10 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.
Table 11 Chemical compounds and flavor/aroma description of fermentation
coffee
Table 12 Cost investment of different fermentation method (1 kilograms of
green coffee beans)
Table 13 Average fatty Acid composition in Thai Coffee Oil extracted (200
Sample of Carabica and C. canephora planting between 700 — 1,200 metres
altitudes and cultivated in Thailand during 2018 - 2021
Table 14 Cafestol and Kahweol content in Thai coffee separated with
different tissues in C. arabica and C. canephora compared to the content
report by R. Eloy Diaz (2010)
Table 15 Yield (¢100. g_1) of diterpenes in Thailand green Arabica coffee oil
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(Chiangmai 80 varieties from Chiang Rai ‘Wawi’ site with C/K in prior 0.24)
after 300days of storage at 30C and Humidity below than 70%

Table 16 Cafestol and Kahweol ratio in Coffee Roasting during C. Arabica and
C. canephora in four different regions

Table 17 Cafestol and Kahweol ratio in Coffee Roasting during C. Arabica from
Chiang Mai (Khun Wang region) using Espresso extraction for 9 bars in grinding
scale using Kruve® Scale for categorized coffee particle

Table 18 Cafestol and Kahweol ratio in Coffee Roasting during C. Arabica from
Chiang Mai (Khun Wang region) using Espresso extraction for 9 bars in different
times of extraction

Table 19 Authentication and Identification compounds (Cafestol  and
Kahweol) ratio in perisperm tissue during C. Arabica and C. canephora fruit
development (DAF 120) in different regions

Table 20 Description of Case Studies of variation in ‘Premium Coffee Research
station’ located in seven regions of Thailand observed during 2018 - 2021
Table 21 Description of Case Studies of variation.in “Premium Coffee Farm’

located in seven regions of Thailand observed during 2018 - 2021
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Figure 1 Coffee fermentation problem analysis and by-products from coffee processing
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wag Streptococcus faecium (Fitri et al, 2019)

nMsvaaouAuANYBINUNTLdannsusinannsadialdlaen saaeunnsUsTamdalnn15Tu
(Cupping test) uenantudsausanageulnensilaguiisuesduszneumanaiiladnds Tne Massimo (2004) ¢
ynnsfnenosdusgnovuazauaniiveanundsyun lasdsuifisuszudrenundesuaildaindulaiide
(Indonesian plam civet coffe) way Mtz Tilganeslede (Ethiopian civet coffee) wudnslovhnismeaeunau
sheindesayndidnnsedind  (Electronic. nose) nauvesnuldTruaTinannasTifulinaddnaty uazdefnw

1As9a$19909nunlaeds SDS-PAGE wuinthgaslussuudesa1nisvesdniinasnanisdnatslusiuvaauaaniui 39

'
Y a

L‘fJummaﬁﬁﬂmauuasiamamwLLw%mzmmLLmn@hm’mmmﬁwﬁmmm%ﬁﬁy’qLﬁu 1wV 2013, Jumhawan wagAnzlaANE
ansardiiuaiomunelunnsnsimssinuiissunuiveduladdeUssudioufununinanlagizund Tae
Anwnainegresnunavan-21 §0g13 wu Citric acid, malic acid wardnsnduves inositol/pyroglutamic acid
annsathuldfudstieieminglunsasaiinseimuniasunuils

Sndnuaivagrananniul WunsaayarinannsnannulguInsgIunsHan ey wienswau
ﬂﬁLLWLQWW%ﬁUﬁﬁQLﬁ%NﬂmﬂWWLQW’]S“UENNE%N%W Tngdagtuiivsinaunisuaaniundt 16 drududeudveaudaniu
foUaWalAANNITUITUN NI TRAIANININY ImEJLawwaem?jq{]zgmmimmﬁmétﬁamiﬁﬂumamﬁiﬁmmU%mmqa
mMssuunwdnnuiienistevetuarldinasinsdansnasnunluasnanisnagoududumndn AINUIATFIUNITHER
vesanSuginunlan (Intemational Coffee Organization : ICO) agslsAnudanunisazilauwnasaanliiudugn
Yoonds venanigmuidiudreusaiieatunisnenisienaems (Food Fraud) vildnisdewteniuninnsisun
fofmuaiianuundefisnundsatoneiinndumunaiafussrinassmandniewdanuesndfazdueg fu
paavuihgednuazdanulstadfifeudestunainaiuaouneu Gadagiunuiodududvmanisineasviausn
ﬁﬁmﬂ‘*fj'l,l,aﬂL‘U?ﬁmL‘f’luﬁuaqaaﬁmaawfﬁﬂﬁmsﬁumLmenmiﬁqaﬁé’mﬁﬂmﬂﬁgﬂé\'aqLﬁa%’maumédwamﬁuﬁ’nﬂu

Ussiiudguazsnduunnlunisudn
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a13UTENaUNANaRD S NANYAIUBINUNAIAAYLINDTILUNUTZLANUBNINNITATIVEDU DNA UaIURANILNT 9]

Aldansguazldannulunsmaaey uazdeiininsgaeiusnaanunlunilanliingrunewiveulunmsaiuaueans

fusnwnvililianunsasuunundsiiinveaniunliuidn nsldmealuladiulefinddadumnavvasdyninis
SuundndnuaivesnunlnsansUszneuiiddyveanuniiamnsossyufnaamessniurldduaregluisiurendn
nun Taendsnmaussununtansusgneuilazaneild WWun a1sdundd enslulawsmazaansluluidiennniande
ﬂ?LLWﬁQﬁ?‘HQMﬂ’]WGMNﬂWLLWTﬂBLQW’]%ﬂéu iﬁ%dmuW%mmﬁaaQiudaumanﬁwﬂuIULuﬁmﬂWLLw (Coffee oil) 991nn13
Ainsdntssnavvenihtuludanunliuardsznouluseansuseneu Triacylelycerols nindewas 75 uazans
Diterpene nin¥osaz 20 lneUsunavesluduazeyludieves triacylglycerols uarnuinusuansaluduluudaniu
asUsvneumensalusiuziia C16:0 (Palmitic Acid) waz C18:2 (Linoleic Acid) sanunteysndiuaslsUas

@13 Diterpenes Tunuriduansaiia pentacyclic diterpene alcohols il kauran skelenton Uszneudieans
Kahweol uay Cafestol iundndsansiaessiinfavuusiulseusinansa arudousazuawnlinmsdnuiitetnun
AuAMNUHszIrINsLUsgUiBeEniinslduiamesanselindldun lussminamadanuniiingldans Cafestol 1y
ansfunAunINAIAINUIZ AN SANYIaIsafvunRaUTInuMsUaUN U Nz alss e uler i uay
lsUadlaonaae (Speer, 1993) Ingluuszivalyesaiuiinisldans Cafestol TunismsunsEiunsANUWNT NS Waru
F3msmlaenszuIunIfisenin DIN Method No.10779 (German institute for standardization, 1999) uonanhead
AMsAnuMTUABILUaswesUTE NS sae vl un T UL S TN LAl (Silva, 2015) I@asuneianisasunlasues
USinasansienaniseninsnsnageurenuiednaale s siaowwinaranaten 58 daandusie 100 n3y
\Ju 30 fladnusie 100 n3u ﬁnﬂqmwgﬁﬁwﬁmﬁauuﬂmmﬂ 70. a9 imaduadu 90 esrwalTua

nsANwIUSINYedENs Cafestol wag Kahweol g3lanuiddgfmansenunisguaindniielaedsieauii
a13ngu diterpene Vaasswiadidsuaromaaefivesansiivadia Aflatoxin B1 lnsnanisaaeuluwadsulumy

22
Y vy o a

nAaDILazITadLYESTldTuNMINTER Ui s e laiufAtodeduans  Aflatoxin B1 vlMARURRTe AFBO
detoxification w%amisﬂ’umiﬁwaaﬂmnwaéﬁuﬁy’ﬂwwl@zwwé (Cavin, 2001) InailnnsAnwnfsfusousdluwlas
Nﬁﬁ]ﬂﬁLLWj’]ﬁﬂﬁﬂ'ﬁ%ﬁ]’1EJﬁﬁ‘u@ﬂﬁ?iﬁgﬂﬁaU%ﬁﬂiuﬁ’mﬁi’N‘]‘U@Jﬂ’]LLWV%N@ﬂ”ILLWﬁ@ Tununuazduniun &9 Eloy Dias,
2010  WUHNAITNILAIUFIVDIANT diterpene Tu endosperm  Wag perisperm GuadmLLWaziﬁﬁﬁﬁLLaﬂmﬁlawa
(pericarp) wazluuaanunlsvaa LLamWLﬁuﬁqmsazamaW%mmmiﬂﬁjmﬁaﬂma&guwﬂuuﬂmwaﬂqﬂmaam
nszvIUMIHaR Tnendafiasinuiinenuiesmaianunisnanssdusaufiaansadiusnailiuazyadnisuan
AU 100% o519 m’%amuﬂmmﬁuﬁqq (highland coffee) Fafinsududiananisidans diterpenes Taoswialy
n1sAvRuNandaTnunlurisnainiuns@nwives Schievano,2014 Afinswaudnnsues DIN 10779 lagld
w383 Nuclear Magnetic Resonance 3 findnenmlunisnsiadinsziuaranusinsaveanisnsiaaeudsunnes
fhegnanul uay Burton,2020 Tunslisinaasmdesiinnisvhuneuvasiinnvesnudauay masnensalnsiuau

A (Figure 2)
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Figure 2 The life cycle of coffee products and residues generation steps (red boxes indicate

major steps of coffee by-products)



gUszafvadlasims
1. diefnwansdrdnludlonnuruaziddonnuruaznisiilduselevianndennunuazivdenniunly
FULUUDIMNT
2. ednwmaninnunlasdiasssruunstesemsvesdnd ileiiudeyagdundd nau sa uazansdfy
Tusgnimswinnundwiududeyalunsimuinaluladuazamninnisuusguniu naununisldd@m flunismin
A

o '

3. Wiednwin1sildsunladvedalsdidmnay Cafestol way Kahweol FakAszaenIsAULgINaDn

v 9

ﬂizmummmigﬂLLamzqé'mﬂmuLaW’lzLﬁaa'dLﬁ%ﬂﬂﬁwamﬂ’nm@mmwLa‘wwaulﬁ'

YOULWAN1IANEN

Tassmsidonasimunszuiundanunguamiduniddefiaziauimeluladvinauensiim iefnw
anuutusszrinauaiiouasBaflunszuaunaviindiinnaduiatetad iledesidiondumamia nun waziild
Wunuamslunismuguannzuagszoznamsiinifinadenanmnausa duzdsziiuannsinnuanvessdn
nutiunsi wasiluuszgndlflunsndndiofiunuam anfunuuaznansde suiadunsfuyadives
wianurtensdi uenanidsduaiunaluladlndlunisminnurerddaigluneounslstn wionsteiaun
inFeaduuuuheminn e diuaziindananasyldanmsinldliselon Wunsianismsnanuuy Zero-
waste process #ianisdanismsnanilifvendsesnanszuaunisuan nggutiunshluldussleniannsada

asdfyuarn1sUssgnaldlundndueionmtasnsinens

Vg ]
Iy \Hundnsaiilsnandulsieaeniten ozs10nn (Coffea Arabica) waz Aovilen Axiules)
T8n15MAaeR AT NN 2 Flialauwn nunezsidnuaylsdas
AN fiivsznovordlunisviiu vils vhanu videidiadnd Tud wa. 2554
AUN3e daiizintanlfnunn ueahenialiviu Fesgiondesganssmi dusnndiwadiden.
YA HuFeandnilldZondnidesgnioun lususudnifudosmannis fiogluisd Viverridae
Snenwunl KaFILvesdn vz vesatladmisdnilvasiuduissnuiosla

U
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4 ada [ Y
UNN 2 I/ATANUUINU

1.38msAiunisIvy
< Y a v A % 73 Ao
mMwvnaean 1 msldndananassldanudeniuwdauaziiionniu

-gunsal
1.7anna8s

1.1 nuw aneiug Coffea arabica cv. Chiangmai 80 ¥ 7 Miduaneviugniuuupii Uudseiug
TudszmalnennnamilowaraudiTeinunvaie Jminledln

12 Lsduyaﬁgauvﬁé Saccharomyces spp. Strain BAwine AnLdaNlABNTLAIINITLNEANT

1.3 §IN599813 Semi-phase microextraction (SPME) Iumiaﬁm%umu liquid-liquid extraction
M1ueile Visiprep (Supelco) Tngll3guiieusening fansed Semi-phase extraction (SPE)C18 silicate
(ENVI-18, 0.5g, 6ml) uag Copolymer Styrene-divinylbenzene (PS-DVB, Bond Elut PPL, 0.2g, 3 ml) lagld
Fvharanaidenfuansadalagldamisilunsdusiiuiinges 0.5 mLmin'
2. asiadl

2.1 answedvitelflunisneaeunisusin léun

(1) Tartaric Acid

(2) Diammonium sulfate

2.1 answnilileldinionansavaremnsgiulaeliis Demineralize  lunisvhazans w3suiinanm
Wt 10 me L ivlunafiuiletesfunamuazifulugiusamadl ¢ ssmwaoaiduna 6 dUni Ao

(3) Lactic acid

3. \pdedile

3.1 High Performance Ligid.Chromatography - Ultraviolet fifitluussiuussdusn@de Shimadzu

¢ a

LC-6A), Wadavin Manual injection utsdSinaidaii 20 lulasans, nsareduiedn C18 Silica, Aedutivin
C18 Silica (EnviroSep-PP-PAH (EPA Method 610) 125 x 4.6 mm), §315993UdeYey 104wt DAD (Shimadzu
SPD—SAV),L@%@QLL‘U?N@ (Sq'u SPD-SAV) tazlusunsuuuswa (LCanalysis), A1ULEI09 Mobile Phase 1 0.8
mL.min” wagldiaitiinnsiingagst 30 wiil

3.2 Gas Chromatography — Mass spectrometry NifiUsILUSHULSISUST (890 Perkins Elmers), 11220

%¥in Manual injection fiuUsUSanaudnd 20 lulasans, Aedurafia 5MS Elite (EnviroSep-PP-PAH (EPA
Method 610) 125 x 4.6 mm), Fn579sUdyaawda MS (Shimadzu), wA3euUsna (3 SPD-SAV) Uag
TWswnsuuUsua (MS analyser), 213153983 Mobile Phase 1 0.8 mL.min” wazldnanlunisiasiegst 30 und
WionsiaBuduanslinauluniunannnisusin

3.3 1304 Spectroscopy Ultraviolet

3.4 dsUfjnsai¥anw Bioreacter B¥o Infors HT ATlUsUATIAIUAN Eve

3.5 invediinsesiayndidnvseding Ju £251 WaunlneuTemaliuszimalne T 255

3.6 1A3RINAIIYY

3.7 13a9inUsunaIng
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3.8 1soullowds3y A 1ASe9AINILN LATBIRINTILNKUULTIFUEY gunIainaae Uty
4. NAUNAIFIU Scent of Wine (Nez du cafe) 31nuUTEM Aromes de VIN Usenauluiie 54 ndunanluniuvliiteldly

nsHNLaznaaeu Cup tasting

/s

ﬂixLﬁu@mm‘wmmLﬁﬂﬁlﬁmﬂmsmumwﬁﬂmLLWImsJLawwasj’lﬁnLﬂﬁaﬂﬁ:muﬁmﬂmw (Coffee husk) WWanniuwn way

TideildlunsusnnurlReafududsenounazansivaning

Fupouit 1 mssuvBonsiudanunlylsysleowd (Fudunislutlovy/ssana 2562 - 63)
Anwigunmuazquauiiveaddoniuudanunlaenisiasizinisnenmiazaulsznouniaadl

o =

Usunauanszdndy Anvinaaudflunisdudadngity (Biofungicide) Tuguuuuansainionueasndoniuwdaniu

U

v oy
o A

nnaeuRuaNTRnIsAn Clearzone lun1sdugudeosannaisainuarAnwinisudnnindninanideoniuwdaiagld
\WeRAun3d Streptococcus  spparntunaasindnaisdrfgiilianiudeniuadanediazinludszanaldly

gramMnTINeIMNsiueMIsUsEIMLUINGSHaLIATRRNUS BUB U UNERS s luvTD A A

Fumouit 2 msiudionnuligyselewi @ 2563 -2564)
1. Yudennuuazivdensuidaniununadnmaduiiosaunsdauaznisiiluldusslevilae
M3Anw Degree of esterification (DE%) tiias1uunyii YSunaunsanauanylailn Auvila N13AFIMAZNAIENND
198
2. yeaeshmaiuannsasaaniusiniulluldlunsnadeunisidouiindy
21, mawsanaduiionnaeunisipdsy lnethdumndninasonuasinanlsielslunselss
$ouaz 0.02 tevhanuazoinwazisliwisiigaingiivos
2.2. NSMILNANTLAFDUAIMNIDVBS Moalemiyan,2010 Tmeduadmararsluiinguu3unng 500
fladansionmgil 20 ssrnwalded Laan 18 daluswangeadiveauiuia 6.75 nfuaunausazguivanduiua 6 n3u
warlulundiwelsyi 1.8 nfuldin3esmausmlugd® (homogenizer PowerGen700) firnuigiseu 14,000 rom 1381 4 Wl
wazangungiaumied 3742, samiwaiia 1ntutharsadeuUiung 08 Sadansumiadoudunarninliuted
gumniivieanalifosnd 1 daluaazufirlugsanainitenaaeumsiadouindulunaifiuing 30 fu
WNUAISMIAABY  BONIUUNISNAABILUY CRD $1uau 5 N5513% 3 91
533357 1 llldwmaduada
5513591 2 WumARuataUSI 3% vesdiunEy
550357 3 WRnmARuafAUSLI) 5% YosdruNay
A55U359 4 BumARUN1INISAIUSIN 3% YesdILNEL

ASUATA 5 HLLNARUNINITANUSLI 5% VIEIUNAL

nsduiindeya anwarusing, naw, savii, dmlindivngly (Wight loss), A(L*a,b), anuutuiila(Firmness), Usuia

veaudaianun (Total Soluble Solid), Usunaunsavianaa (Total Acids), Aadunse-aa (pH)

gumauil 3 nslovseleviainiminnun @ 2564)
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1. negeuamnmivdnnunInmMmsinansnunUinallidesndt 50 Alanfuwess

a

nuvl Taenszuauns AAF Techniques (Wan1svaassainnIsuaassnisuminnunlaeadunsd) Ineldnng

q

wiinasnunlaeadunid S. cerevisiae strain BAwine wagnagaunsiduningy

WNUATSNAABY DBALUUNISNAABILUY CRD 4 AS575 5 90

n53U357 1 ninnunlagund

551359 2 winnuslaensldimsinnungrsia 1 ade
355357 3 v ulaenslaimsnnungrsiuau 2 ads
551359 4 wihnuslagnsTdimsinnungrsiam 3 ade

miﬂ'uﬁniauua ANANNYU (Turbidity), USinaunsesiavin (Total Acids), mnsndunsa-ang (pH), USunansauanin,
AN IMNYBINTLNKAZAT COD waz BOD yoamnnuw mwaauqmmwmmﬁiéfﬂmmﬁwmaaumwﬁﬂeg'mauwias
N300
z.ﬁmzﬂauuazﬁwLﬁaﬁmﬁaiﬂmaa‘uLﬁaﬁwmiﬂwﬁmfwL?‘iaLLazmmaaU@mmwﬁwdauﬁa
Tuuanhausssumnalnensanaznousazialnefie Inanaaoussuutitnuuin 21 Ansuazinm
aunmhdntvinluszdutes fiRing
2.1 EJEJﬂLLUUiSUUﬂ’]ﬁ’mﬁ;’mﬁﬂﬂmLLWI@EJG]iﬁlﬁaiJﬂmﬂWWﬂf’mﬁﬂmLLWLU%E’J‘ULﬁEJUﬁ’U
mmigwuﬁgwdasmﬂiiamuwﬁmmmimaaﬂiﬂimuqmmuﬂﬁu (ISl standard)
2.2 faudasssuuthinindeni Iwesd, 2535 971U 5 suneuldud (1) Vesausi
Smsiniitetnde (Sump tank), Uaanaznau (Sediment tank), ¥8n¥e4 (Filtration tank), UstAuInIA
(Aerated tank) wagusisunUn (Wetland tank)
3 yadeuvtnefaulasueivdnlngdndenivindnluiuinageuasslasveefganstitnvualsl
14o8n31 100 ans
31 faudasszuutiiasimau 5 tuseuldud (1) vesrusamtwsiniiietvn (Sump tank), U®
Anmznau (Sediment tank), Uansed (Filtration tank), Uswiue1na (Aerated tank) wazuaiivurun (Wetland tank)
wasAnidoniisvesduiiotiiaisuiisuiussuunisthdalaensudosasiu

UNUNTSVIAGBY 9BNLUUNITYIAABILUY CRD 3 NTTUID 5 91

NIIUIEH YA naaiuAulaenannsTuE1Y (YnAIUAL)
NyIUIBN2 Tl vliaguasugnluiui vuin 10 x 10 M1519403
N3N 3 TgNgindn alianmssnwugnluiui uin 10 x 10 A1919403

miﬂ'uﬁn'ifauua AU (Turbidity), USInaunsanavn (Total Acids), Aatdunse-ang (pH), Usuaunsauanan,
ALY UHLAZA COD waw BOD sasiwsinniu amasunanmimiindldnnusaznssitivioudieud
WNTFIUNTULTIUGAANNTTY, 2535
3. agUnanmaaesUieudisuiuiunadinumsnasidunistuimdn duaduguns

VIAABY HANSENUADANINADULATINEVIBAHAY
sygslmANluns nanau 2563 - fugeu 2564
anuivaaes

Audideinuasvatndednl, audideivaiunnilesie),

nevideuaziwu e N saansifiuieuasulssundnnainyns
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msvaaedil 2 nsAnwmaminnmunlagsaeuusTuudesemsvasderd
gunIal
1. mun anewWus Coffea Arabica L cv. Catimor
1A399¥aARL%U (LUTRON, TU-2016)
n3eatnanudunsa-ang (LUTRON, PH-230SD)

2

3

4. \pesTnAuty (KETT, PM-450)

5. \A3aeindn1uAs (ROAMI, TRA-300)

6. 1devinAumUlun W (ATAGO, PAL-Coffee (BX/TDS))

7. nspsanlnslnsindined (Hitachi, U5100)

8. 130Nl (Coffee Pro Direct, Sample pro-100)

9.\ASavAFaUNAL (Gas Chromatography — Olfactory spectrometry, Perkin)
10. W3oeuinardadmsuntnnium

11. e19IABT9AuYaE

12. asiadl leun Hydrochoric acid, leulasiduduy, toulwiannduseu (Pancreatin)

aa
/N9

a

1. vegeunsudinnwmensauoulsiwazaaunsganai ldde iluinmdn

o

1.1 MSMSeNIIaaUNSg

Q

o cal

wissuegauIEfLenlannTuzunlaadsaliodanuuamsuds Yeast-Malt agar (YM) desadianuailisauuemsuds

. X kg A a a < oA a v o S &
Nutrient agar WagldguouuAfilsauaRANULEIMITUTS MRS agar Unfigaumaiiviosuny 24-48 F3lue Weldauue1ms
wlsasluvaaiiussqundu 50 Jaddns Usuen optical density (OD) 71 600 wiluwns Wilawiriu 1 wielddmiunis
NAFDUANTHNN
1.2 nagaunisusinniunluvinvain
Ynaumulgnuugin vnnsaendiuudenuensen Andenwandouas waafiassinesn aamanniunaiet

< o A & ° o ° o prpmp I a a a6 )

azenn UssyannIulasluriandnviun1sg e 91w 500 n3u vihnsudn 2 F5Ae Liduqduvsd (inuwuy
535UWR), LANYAUNIENALTkENIINN NIz URLasaulsdaIndusau (Pancreatin)

MNSNAFOU TN 2155478 10 90

a N ¢

n551357 1 TAuduUNIS (MTNUuUsITUYR)

Q

N el

N35138% 2 WaRdunidnuenannunvszunluwaziouledainduseu (Pancreatin)

a

nluhvindnivsspudanurufindinguuiung 400 daddns Uan Unfiaamall 35 asruaided
WY 20 alus
1.3 asadouguamneilagldnismmdaniunwuumnans wdsnvdnasaudranauaniuniieiiazenn Jeliui
nuudlUanuan Yseanm 3-4 Ju reendnnaumdnumdaui guitegsluinanurulifivieUssanaliiy 12
° oA o o a o < a A v v v =
% ihluAdennuneeniinisussgiu lugmaraingayinmahiudaniuniiunsdiliiensenudr inmmelases

frsudaniwi Tagvinn1smlusgauliunans (medium roast) Tain1sfuseunal 8-9 Wil e nasanalazlaiudn

| v
o °

nMunATTEN A WianuwAkunseldgeanafinayyinia disiegraudanunmlunsivdeununinndusd
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YRINUNININLAsNIINAGEUNITT (Cupping) ¥INNIILATIZRAIU NBATW IATIZRIULAT KaZN1TIATIZHUTIW
anszargylinaulunium
2. naaeuladeiinason1IAinNUNI 189932 UUERE DN TUDIER1

2.1 NMSSEUiLeaUYSY

'
a

wisudeqdurisiuenldnnivrualnedsadedaiuuemnauds Yeast-Malt agar (YM) dsadenuaiise
UUDIWNSUDS Nutrient agar LLangﬂﬁL%EJLL‘UﬂﬁL%“EJLLaﬂaﬂU"LJEJ’M’liLL%Q MRS agar ﬂuﬁqmm:ﬁﬁmmu 24-48 3113 \J
Fovuommsudsadumaiiussgindu 50 fadans U¥ue optical density (OD) 7 600 uiluiuns A 1 e
g msunisnaasumvdn
2.2 oaeudadeiinademsuinnundiasssuugesemsvesdailuvanmin
2.2.1 Anwmavesnnudunsa-ang (pH) Tunmswlihnundassszuudosemsvesda’
LHUASVIAREY BBNLUUNINARBILUY CRD $117u 3 n3335 5 41
N335 1 yoenuau (Wivfummndunse-rg)
353357 2 USuamuunsa-ang (pH) Wiy 2 dhensalelnshaesn
33357 3 Yfumnudunsa-ae (pH) Wiy 4 Frenselslnsaaesn
theaMUNgnIuTLh Yiinisaendudenueneen Andenmdndeuariudniinosi
00N &udaniuniethazenn 'U‘iifgL‘Mﬁ@ﬂ’]LLWaﬂuGU’J(ﬂ%ﬁﬂﬁﬂhumi?hl,%aﬁﬁuﬁu 500 n3u 9Nt
aviniivssgudaniuiinfiinduliines 400 fadans WugAunEduasoulesidldands 1 vhms
wiln 3 380 ganuan (usurnudunsn-ang), Usuanudunsa da (pH) widu 2 waguSumnadu
n3A-ia (pH) Wity 4 daensalelasansin ndsandudanvaaviin Uniigauvindl 35 ssrniwaifus Uiy
20 $la pIvdBUANNIWNALTAYBINUHTIVITNIAgNSVIAGEUNSTA (Cupping)
2.2.3 Anwmavesartunisvdnniundiaessyiudosomnsvesdn
LHUANSYIAGEY DONLUUNIMARDILUY CRD 11U 3 N353 5 41
N3IAET 1 wiinnuvhuad 2040lus, (yaenuAL)
n3957 2 minnuiuay 18 2l
TR 3 vl 26 9l
thaasnuignuauth inniseendaudenuensen dadenudndouasmiaiinestheen
Saudanmuniediaven Ui'ﬁﬁ;LmﬁmmLLWaﬂumwﬁﬂﬁBhumﬁézhﬁ?aﬁmu 500 N3 niuvanmin
ﬁUiiﬁ!ngﬂmLLW@J’]Laiﬁfﬂﬂé'u‘lEm{ﬂi 400 fiaddns WngaunIduasieulediuudu uaz i santulng
¥ Vuilguvndl 35 ssmiwailoa w1y 20, 18 waz 24 $lus ATIREBUAMAMNALTAYRINUITVSNLAY
MINAEBUNIITN (Cupping)
2.3 oaounsminnundiassszuugosesdn Inuns s idaiden
ﬁmammLLWqﬂmuﬂﬁﬂ vhnsaendiuilenueneen dndeniudndouasiudaiinestheen 9
widanunietnarein usTadaniunsuau 2000 n¥u adufuFnsaiaawinnsndnineldaunss
wules] amnsidunsa-dnauazinan munssAsfidaden ndsnmgansninudnilunmadeununinnay

savoInHAminlaen1mMaaouN153U (Cupping)

2.4 ATRABUANNINNAUTAVRINWITIVIINIUTsUBURUN R YR
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nyvasuaunmnurilagldnmsdmdnniuuuuinans ndninasauddaudanunieiazen
Al anthuiluninuen Ussanm 3-4 Yu rsewannduminaudauis dusogslutaanutulydimieuszan
LaiAu 12 % thludWdennureeninisussauiu lugmanafnagyimehudanuiiunsddensenid i
sewaTesdaudaniui Tasvinmsmaluseduliunans (medium roast) Taainismuszann 89 undl iiedadaudn
wlfudanundidadianad wienundiunsdaldgananainayyinia didediasdanundaluasaaoy
AAMNALsAYRINUNAnAlasTAEeUN1T (Cupping) ¥ATAATIEARIU NMenw Ainsizvisnuladl wagnis
insiUSunaasza A iilinaulunium
3. Wisuiilsuauamnunitldannmsudinlaesiasssruugesemsvesdniuarduiusununisvaass

a o

WSguigununSEUIUNSTEINLUULAY wWUULHASBI9NS LUUNSITaNSATLaTISNNAILNN b

nsMAAadfl 3 Anwdmsndauans Cafestol waz Kahweol lumuvdanswapnmuazsadnsainuianziu
aunsal
1.3anvnaes

1.1 nul aneus Coffea Arabica cv. Chiangmai 807 7 luaneiugnuluuziii Viuussiuglussina
IngannmamilowasaudiTeinunsvaie Jminledln

12 Lsduyaaﬁw%é Saccharomyces spp. Strain BAwine ARLABALABNTLITINITLNEAT

1.3 #7N399815 Semi-phase microextraction (SPME) Tunvafnduneu liquid-liquid extraction m1ugile
Visiprep (Supelco) InatuSauLiisuszning #ansed Semiphase extraction (SPE) C18 silicate (ENVI-18, 0.5g, 6ml)
wagz Copolymer Styrene-divinylbenzene (PS-DVB,Bond Elut PPL, 0.2g, 3 ml) laglddvinazaraifeaiuaisann
Tagldmnusalumstusiiuiinges 0.5 mLmin
2. asiadl

2.1 avaniiiteduansinasgu oun

(1) Cafestol 91nUTEN Sigma afnaniusganium

(2) Kahweol anU3HW Sigma  afarninfuniun answailifielfimseuansazarounsgrulagldi
Demineralize Tumshagane weufmnududu 10 me L™ ivlursiivietesiunauazfvlugiBugamgi 4 sam
wadealunan 6 v
3. 1n3osile

3.1 Gas Chromatography — Mass spectrometry fIHULUWUSHULTIAUA (B8998 Perkins Elmers), Wadnvin

Manual injection fikUsUSinasdnit 20 Taulasans, redutivfin 5MS Elite (EnviroSep-PP-PAH (EPA Method 610) 125 x
4.6 mm), AINTIIVAYY VIR MS (Shimadzu), \A30auUsHa (31 SPD-SAV) wazlusunsuuusua (MS analyser),
AEU83 Mobile Phase 71 0.8 mL.min” wagldiiatlunisiasizs 30 wiit iensiabusuanslindulununainnis
N

3.2 Bioreacter ﬁﬁa Infors HT ﬁﬁiUiLmimmU@u Eve

3.3 IeBosiiangsiaundidnnsedind fu £251 Waunlasuisialiuszimnelne Y 2554
4. NAUNATFIU Scent of Wine (Nez du cafe) 91nU3H Aromes de VIN Usznauluse 54 naumdnluniuliteldly
MIRNLazNAERU Cup tasting
83
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1. WAIWINI3UIUNITIATIEREITUSENEU Diterpene  lwwdaniunaneWug Coffea Arabica wae Coffea
Canephora Tnemsldnmsadminsulaedaulasainds AOAC,1990 LLﬁaﬁﬁuuﬁ%'%Lﬂiwﬁmsﬁwﬁ@ﬂﬂﬁ&ﬂ%"m Gas-
Chromatography

2. AenUIunaeans Cafestol wagans Kahweol AaaanszuunIsnannwndIuIu 5 %gumaué'iy’uwimﬂwwﬂqﬂ
nsiuiAes nMavsinnul nsmnniu maifuinwiniu miﬁ"amLL‘V\ILLazﬂizmumi‘mUi:Lﬁu@mm‘wmuw
Tunouil 1 Msdenutases/Suiaans Cafestol uaz Kahweol seWiNAouMITAUAY Mas TN INMIITNA UVDT
S - audunrstutlevt/ssanas 2562

1. Amusudameassiiugnnusiens imiugidedue 80 litfenndt 10 uamnass
waznwnlsUadianeiugyuns 2 lidesndt 5 wamnaes

2. \fivfedraudanunndissezeanaenaunamasianenduial 7 - 9 weu lny
\AuegnsUIana 100 niusedy UsnuAsiiuouiassiidufsiiauysaifigaluvesniuriuagiing iz
USunauens Cafestol uay Kahweol

3. AnwiUSunaans Cafestol  uar Kahweol Tudiuvesudeniuiudaniunlagnis
AnsgimanenmuazdinUszneumaaiiuaznisiuasuilasninansinluu iR (Solid-state
fermentation)

a. Fnwsinaansddlundaniunlaoedodasulrnsilussiugdudenviuniun
amzUnAtaznneiiAnanmsninLu UL

WHUNTSNAGBY DONLUUNITNAANLUY CRD 3 NT3135 5 91

353357 1 lildweqdunse
ada a & a a ¢ 3 3
NITUIGN 2 WNIBYIAUNIE Aspergillus niger

a

NITUIDN 3 1WNTOAUNTE Streptococcus spp.

q

msdufinteya Usum Cafestol Lay Kahweol, USinastnananavan (Glucose, Fructose), Usinainsasmavian (Total
Acids), Audunsa-ana(pH), Usunaansunudy, Usinunsanselsiatiia
Fumauii 2 MsBeuaveniunaaTs Cafestol uas Kahweol s89INATLUIUNTTRIPEINTINAUN — FUTUAIS
lutlovt/szanas 2563

1. AnwilSuanans Cafestol uaz Kahweol ludruveaddeniiuudaniunlasnis
nszinanensnkazdudsznounaaiivaznisildsunlasseninanisudnuuuwsie (Solid-state
fermentation)

2. Fnwmnaansddlumdaniunlaoedodaslansiiusefugsludensiuniu
AmzUnfnaznmziiinannisuinlaefneinsnannsau3unneans Cafestol way Kahweol a1nmseos

a 6

Wienvuwanlneldiieqdunsd Bdwine

v
o

WHUNISNAGDY DONLUUNITVAADILUU CRD 911U 3 N335 5 90

N551359 1 yamuay Liusae

n335ush 2 lawueqduvisd BAwine Sosas 2

¥
] a

353357 3 ldueydunsd Pro-v15 Sevay 2
yntuhaninfivssydeniuwdaniuudiuiinduuuins 400 Jadans Un

i Aslineamgiivies welsuvinisndn vhmsduiiudiegnamn 6 Faluadiewuihnmsinszina
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nstiufindeyausana Cafestol uway Kahweol Usuaunsadnn, Usuunsaiiavin (Total Acids)arandunsn-sns
(pH)LLasmiLﬁzyﬂuaaL%aqauw%'é
Tunouii 3 MsenuasnIAYSIWINIUN — ANdunsTutlouyssunn 2563-64
1. whaansnulunisenlaenisduwdaniuruiegadosulamaassag 300 N3 uaysEnInnIsiu
Snwmndnsinaennainmaiuinwenuduliiuesar 50 leifiufogamuiiiieinszifegmniteuduna
10 Wou (fugneu 2563 fudauiiguigu 2564)
LHUANSYIAREY BONLUUNIIVIARDILUY CRD $117u 3 N33335 5 9
n35u7 1 gmuay winnuAvlunszasuiu
n33387 2 WAivluge guies Grain Pro (HDPE)
n33s7 3 1Aivluga PP
n3u3s7 4 Auluga PE
n35387 5 1Auluge HOPE
3357 6 \ivlundesnszanuiiumiase
2. FAnwnamsdglundanunlagiaiesufalasuininsmlusefugdudonvuniunnnzna
waznEinaInmvsinlaeAnwinsnannsnyIunes Cafestol wag Kahweol
nstufindayauiana Cafestol wae Kahweol, Usinainsn@sn, Usnunsaiaviun (Total Acids)aranfunn-ss
(PHIWAEN3IT e TeqAunTS wasnavasNs Cupping Vaddnn il
Fumouil 4m1seanunl (Roasting coffee test) — suiunisTutlawdlssana 2563-64
1. Anwaunmadenuivadunailifesndn 10 Weulunwugiiussanunssuisilduadifiaelu
fupoudl 3 giitothanfnyinavesnisidsuulasesUTmuasddylnensidennisdanaiuy Fullcty Roast
(aun ity 240 sarwalBealian 16 wii) Lﬁaamﬂmﬁmmimju Polycyclic Aromatic Hydrocarbon fiduansiiy
TunsuannuWaY
2. FAnwUinumsdidglumdaniunlaeiededlasunlansfiusefugsluudonfuniunanzuniuas
amgiiAnannsvsinlag@nwinisnannsnyTunuas Cafestol wag Kahweol
LHUMSNAREY  DBNLUUNTSMARBIAUL CRD $1u7u 6 N35135 3 %1
n35387 1 angnusllaida (under-roast)
n35u3572 MleesUndfigaumail 240 ssmwalea nan 5 Wfi (A first crack)
N3350 3 flaeBundfigaumail 240 ssrwalea AT 10 U QU first crack)
n35u7 4 MleeBundvigumall 240 ssrwaloa 1A 12 W7 (fey second crack)

a

351387 5 MlagTBunAnigumail 240 Bariwal@ea 11a1 15 U1 (e second crack)

N35U3EN 6AlAEIBUNATIOMAN 240 asrnwaidea L3an 20 w1l (over-roast)

Y

miﬁ'uﬁn%yjaﬂ%mm Cafestol wag Kahweol, anwagdsing,nay, savi, Ysunansaianun (Total Acids),A3du

n3a-Ane (pHwazanAItaruINskarnauilaannsaa

Tunauil 5115 (Espresso cupping test) — andunislutlou/szanal 2564

o

1. fnwauainnuiuniszesaalidesndt 10 weulngldussydaanlinadludunoun 3 wazAan

0
oy

Winanananalutunauil 4 ieunAnvinaveinmsivisuulasesuSinuansdidny (eumgilaiiiu 240 ssrwaigya
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181 16 u¥) Lﬁaaﬂmitﬁmaﬁﬂ&ju Polycyclic Aromatic Hydrocarbon Pfuansivlunisndnniunda
wazn1IWAIUN Perfect Cupping Tngnsmageu Espresso Cupping

2. FnwUTnamsddgluwdanunlaoiniodasuilansfussiugsludensiuniu
amzUnBuaznmefiinanmmsinlae@nuinisndansausunaens Cafestol wag Kahweol
LNUAISVAGEY  DONLUUNISNIAABILUU CRD §1uau 7 N33 3 41
353387 1 mundrunldrinun1svs Espresso
5533571 2 NuwRIUU Espresso Usunas 9 nfuuaserian 5 3undl
3533871 3 NMUILUU Espresso Usunas 9 nfuuaserian 10 3undl
5533571 4 NuRIUU Espresso Usnas 9 nfudasevian 15 3undl
593357 5 NMuILUU Espresso U3uas 9 nduddesiian 20 Jundl
N35W3371 6 NUILUU Espresso Usunas 9 nfuuaserian 25 3undl

NIUBN 7 NMUNYILUU Espresso Usunu 9 nsudassian 30 3w

miﬁ'uﬁni’ayjaﬂ%mm Cafestol wag Kahweol, 5ﬂwmwmﬂg,ﬂ3u, AR, USinaunsesievan (Total Acids),audu
n3a-ane (pHuazAmAMlnTuINIswasnauTlFaInms™

5. nadaunsidesRanuivesdnsidiuvesals diterpenes Tuiufiasnuindidondy
as@ifnwsway 7 SdelugaiufinaasuazulasniurinunsnsudieuiioAnwinisiuasunlames

a1 AluIuNTe ATIMOUNTEUIUMINER ATIngauazUsEllRMA NN

IBYSLIAMNAABY AN 2563 - e 2564

fa o a

a ' fa v A N,
GRAN9GRN @umwmwwam%ﬂm, QUEJ’J‘\]EJW%H]U’J”I’J(L‘UEJWWEJ),

AudideivanunAe(mysysad), gudideivaiuive(@in)
Ao TivaIuguns, gudttunariamnnisnunsana

U

fa o -

AUYIUNBATNEUNY

ﬂaﬁf-ﬁ&LLazﬁ’muﬁwmmwﬁamiLﬁULﬁmLLaszigﬂmémaLﬂwm

3. MUSULNUIUUSBUISEINeU

M Lid O voyfiidofud. (Wsauanmang1uluniaauan)
U wasuulassuuszana WWseesuisniswasunlas

QO whsuudasinguszasd/manan Tsnesuremsiasuuias
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a
unil 3 NaNISANY

3.1 nansaiiuureslasinig
mvmaesil 1 nsldnAmnanassldanudenvhadauaziionnium

1. wan1susziupuamadaranasglaInnszuIunIminnIun nanaseldainnszuiunsuin
nunauisnszuumsannunUseandu 3 nandnlaun

1.1 wWaenvuanniuw (Cherry)

nansfnwaun e Udeniuuinniwnny Table 1 fifUsinadeas 60 vasmaRARNLINUIS
Vnamesansusznaululnsiaunnisdesay 31.30 mudieUSunas Crude fiber fovaz 21.40 Usunauihna
Shnd5enay 12,40 WUshufosay 10.10 wnuilu 7.80 wavansuszneudus Sevas 17 Ssanunsalundadu
nAnfaurioslagionzudnfusiusssaidesanansngylulasiuiifloguinnevaussidenissin uazans
wnufluway Reducing Sugar anansaihluiaundutadaeiluwlameseaula

Table 1 Average ratio of composition of coffee pulp in Thai Coffee

Contents Proportions (%)
Nitrogen-free extract 31.30
Crude fiber 21.40
Reducing sugars 12.40
Crude protein 10.10
Tannins 7.80
Pectin substances 6.50
Chlorogenic acid 2.60
Caffeine 2.30
Others 5.60

1.2 Wionnasi (Mucilage)
wansAnwitilonnuiflsannisudnlaeiusunaiieadosar 10 ¥auudanwnnuIInL Table2 &
Usnanihfigenuiniiindudiudsenevieiosas 84.20 uaglushusavay 8.00 uazansusznauduiosas 7.8
TngnuiasaidonnullivsvlemilanarssuuuulnsiamesUsinalusivasinmanmvioludenniun
o & ~ 9 ~ A & ¢ H o ° o &
aunsansunduansiedaunaldlansieliansmaiudussrusenau uenannddsaunsatimnleluiaundu
asanayamgalains1eilushiu

- 49 9

Table 2 Average ratio of composition of coffee mucilage in Thai Coffee

Contents Proportions (%)
Water 84.20
Pectin 1.00

Protein and Others 14.80
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1.3 Yudeannnisvdnniun (Waste water)

NANTIATIZY Table 3 W‘U‘LﬁmmﬁﬂmﬁﬂuﬂixmumﬂmigﬂmLw\Iﬁ]’mmiﬁLUﬁaﬂ ninuaranaLudn
AufiUSIasnlaguSuanIwn 49 ﬂ%’uﬁ]ﬂﬁfﬁfﬂumul,ﬂsgﬂﬁ 1 805 Fennuaaniun 1 duagldiilunng
wUs3Ugeda 20,408 Bn3 tneidetmirdldlunisvsinnuraiasanuamwuhaeudunsadsegi 4.27 -
4.40 A1 COD aeﬁi 9,270 - 14,800 A1 BOD agjﬁ 472 - 551 Tngwuluddeannsuinnunduiledouiu
1A§IUTO9 19! standards nuigAuvISansaaigiulnlduazhfnanasndeliie udedidlsin
famuansusznoudidauinuneldun Unrefined pectin filUSuna dietary fiber g 3oasdifyain
antioxidant ngal flavonoids #ARINNS2UINNT deesterified vpadionnudaiunisifumdnaauiu
dlondadunszuiunisfimnzadlunsiluiamunsesendunanaueils

Table 3 Average ratio of characteristics of coffee fermented wastewater

Parameter Value

pH 4.27 - 4.40
COD, mg/ml 9,270 + 14,800
BOD @ 27 C, mg/L 427 < 551
Ammonia nitrogen, mg/L 42 - 57
Nitrate nitrogen, mg/L 32-48
Phosphorus, mg/L 60 - 90

2. msthwFeniuudaniunlulduszloed

91N Figure 3 Wuiﬂmmmﬁ’]miaﬁ’mmﬂLﬁﬁaﬂﬁ:uLmﬁmmuwwETUE'?QL%EJSW NURANNS
nageuAuautAniIsiin Clearzone Tunstudadosnanansanalaeld Aspergilius Niger witnlu
5ULUU Solid state fermentation wagHanTsuader o fuinislaenisldasatnainiuden
nuliies 40% wenwniimsldasatnildainnisvinudentuudanunlunssuddasinis
Wiaivinveadiesn Coletotrichum  eleosporoides iadneiiionaaoulunvamegeuny
Figure 4 flennaidind®, 40 % annsadudamaiAalsaueuunsalualdimunuiiteras 83.33 :nngu

'
N o = o

Froeng 30 fu(30:30) Inadianuunnaanwadfegsitsdfgszau 0.01 (p-value <0.01)

Control 40% of Coffee Cherry extract
Figure 3 Growth of Colletotrichum gleosporoides in control compared to 40% CPE (Cherry Pod Extract)
in NA for 30 days of experiment
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Using CPE (Cherry Pod Extract) 40% Not application

offee plant

Fresh Cherry pod Dry Cherry pod Grind Cherry pod (GCP)
Figure 5 Cherry pod transformation for on-purpose utilization'on food products using sun-drying method (14 days

of exposed sun-dry)

uenniannisvuiadensuiti@aniun e Figure 6 Taemsldinssuaunsninusis (sun-dryer
method) iiuan 14 Suaumnuiusingi 8% uaznsadeuaaTAiMIaaTamsataniauNEn ST
34 (aromat) MniUdeniuiaaniunlunsvaaeundnndndueisnelagamnsauuwinvews GCP ladu 3
vila (Figure 5) munsiilultlngnsaziBoaiigniio GCPA00 Aanunsntiluvhwoausssaldiiannumy 35
oamu3ndiilesaniiuina Suciose gelmaiionauiu Glucose Syrup ileifinUSinaaaansaiaLITe
Ugasaldl, GCP600 fiannsathluifunlseusssasmslalneiiueimsan Tasnsugussadivayulnsuas

[ |

Sryisuazauaningaan GGCP Mmhlunauduududnlilundniusiiunestlaganunsatlunaunuulanals

7

GCP below 400 pm GCP between 400 - 600 pm GCP over 600 um

Figure 6 Cherry pod classification for on-purpose utilization separated by grind size

29



3. nrsddlenmuwluldusslond

3.1 msaiawaRuanUdeniuuaziianniu
#13l Table 4 wuiunafuatnnnivdenfusdauaniennunithmasoulusuasdadoluliased DE%
(65.57%) nuiraeandesiutmin (Equivalent Weight) 213.43 mg/mol @siioilu Hish Methoxy Pectin
(HMP) anunsadlldlugmannssuemisle Tngatnua FTIR (Table 5) wuindnsndiuveansaniuanylslings
f9452.86 me (79.57%) Fadenndosfiusuiseves Rakitikul, 2016 egrslsfmunaliaszidnainie
fiansanaansy 1,250 — 950 cm-1 iy slycosidic bonding ag carboxylic fdmaensroanaiiy
nsihluldisdusestinafminiaueanesedifionszdumahaeiuszdindnfe

3.2 nMsUszandldnaiulunisnaaeuindeudy

naaosldinadiu (PCE) Wioduasindauinduny Figure 7 lngldgnsmaiulagfnuiasmin
Fveseten, 2553 wuindeldinafuainnan canaubar wax (@13LAF0UN1INIA) HANTNAGBL
#13l Table 6 wuTdman 5% anunsadaoigdulding 10 Tuuazannsldmandevast 10% sl
weRuafndanauiazansilifivilvansndevasnugadiedionin edeutaudldifusunsese

Fuslnadisanunsausinaladalumhaulalunisveasundovuunaldiivilanalaensaldiiiedesen

NUITY
Biplot (axes F1 and F2: 94.35 %)
6 —_— A TR
»
5 /
* Control
3 .
(non coating
2
p . _-& steaming )
zt e Pectifi ;
; . PH S
[T o ry . .
codari ——
0bs2 ng X
1
-2 .
3
N 7] Q 4 2 ; 2 4 6 8
F1(82.96 %)
= Active variables = Active observations |

Figure 7 Principal Component Analysis of orange properties described after using 8 treatment of
coffee pectin coating suggest in 2 groups varies by their appearance, chemical content, and sensory

evaluation.
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Table 4: Average ratio of pectin composition in coffee pulp and coffee mucilage

Coffee Pulp Coffee Mucilage
Contents Proportions (%) Contents Proportions (%)
Pectin substances 6.50 Water 84.20
Chlorogenic acid 2.60 Glucose 2.50
(reducing)
Caffeine 2.30 Sucrose 1.60
(nonreducing)

Nonreducing sugar 2.00 Pectin 1.00
Ash 1.60

Table 5: Identification by FTIR & Characterization ‘of pectin extract from coffee pulp &

coffee mucilage compared to lab and commercial standard

0403
030!

Absorbance

0! b &

i 3 \ i il s \/
010, //’ S AN %
~ & » 49 i il
*sample analyzed using FT-IR Nicolet iS5
Parameter Coffee Pectin Standard  Lab& pharmaceutical
Color Light Brown - -
Moisture (%) 5+0.21 - 5.01
Equivalent Weight (mg) ~ 213.43 + 0.12 - -
Galacturonic Acid (mg) 452.84 + 0.40 >65 78.21
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Table 6: Properties of Orange Coating by Coffee Pectin after 10 days of storage at

ambient temperature in plastic basket

Tm L* a b TSS TA SE SE
(pectin (odor) (sweet)
mixing)

Control 16.671+1.63 1639+511 7.12+009 1139 051 6.75£0.2  7.43+0.12
2.5% 16.19+1.45 1858+1.38 8.131+0.14 1098 0.51 7.23x0.1  7.12+0.02
5% 13401073 15641081 6.9810.16 10.72 0.47.892:+0.1 8.75+0.2
7.5% 1541+730 1751+747 7.001+036 1097 0.55 8.12+0.5 7.12+0.12
10% 14.82+0.09 16.90+ 0.21 7.0610.18 11.06 053" 7.04 +0.1 7.02+0.1
12.5% 13.45+277 1553+255 7313051 1145 051 6.34+0.72 6.12+0.2
100% 17554774 19.17+788 7.44+026 1083 045 671x0.2 7.07+0.2

4.n5nndeunslgudyannsunniun

4.1 MSNAFBUNSLIU VNI

auamthiflflunvsian mdausiduneunsdrs maviingeadedl 1 - 3 uaznslfiadosdn
donduiunnsguaaaudfit Audeisuiiisutunalsanugramnssilasiane aanudu
nInRnsfigs (pH 3.7 - 412) TasieA1 COD figendnAnnasgiundt 10 - 50 wh uagndh 100 widle
Kua3estaioniagan BOD AiuTunaufiundt 38 — 280 wih uenvnifmuuimaniitu Ol &
Grease) uazvasudanvIUAREUTINMINNIAUINAsEIUBAME Fedndudedinistiinnouidesg
Asuandall 10 Table 7 wuimslimiindrsnauliifu 3 adsdunuiauninvesidnliunneg
funaranutsalinuamnuiituenainddiannsldtld Tasnu Figure 8 waw Table 8 wu
U3uauansngu Furans, Pyrazines wae Maltol anategailtduddglagianizusuia Caffeine fian
131 90% wag MethylChromone N1 86.67% %éammsmﬁmﬁwgmiﬁdwLS’??@%;%W'%E‘]ﬁﬁU%mmmﬂ%u

(1w BOD) fnasien1sgosnindy wazanniswdn methylcrhomone Tiuansinusinugadin visil

Fadugemhadlalunsfnwiisduineiugeniinadensinnuautidnansdelulueuan
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, 03-Mar-2019 + 10:40:47

64 3t sample Scan El+
3217 TIC
1007 3.03¢8
931 3214
%
1456
8.01
14 54
16.35 3463
7.60
g 14.50
s 1.76
] 36.37 3698
. U Ti
160 360 560 760 960 1160 1360 1560 1760 1960 2160 2360 2560 2760 2060 3160 3360 3560 3760
—
, 03-Mar-2019 + 11:25:38
64 092 sample Scan El+
247 Tic
100 4.84e8
931
3214
8.00
o 8.01
14.65
33.76
14.53
759 16.34
K
U5 1632
1.75 ;2_92 26.86 3161
1.61[12.10 2548 | 509 g5 2979 310 3731
N | X
38.92
0 L .
A A R A L L B B A s L L L L B B S L L L Lt LA LA AR LN LARS LA LS LA LAAS LAARE RaRs Lanas nanas tanas saass Ll 1111
1.60 3.60 5.60 760 9.60 1160 1360 1560 1760 1960 2160 2360 2560 2760 2960 3160 3360 3560 3760

Figure 8 Chromatogram analyzed by HPME-GC-O-FID-MS of Coffee Flavor profiles using reused water (3rd

recycle) for fermentation which obviously shown the augmentation of flavor amount of volatiles

compounds, mostly in fatty acid contains when using recycling water sample.
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4.2 nMsneaaumsiiUaddekarnisinssuuirvaindnnunlulsussloniluwdamageau

o A

HANIVAABUNMIBaNKULTFUUT TRt NN UMAL Figure 9 wunsildsuudawesauaudiddyileimuthminlildamnmaunsgunalssnugaamngsy léun
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Figure 9 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.
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Figure 10 Important following parameter during coffee wastewater treatment iimportant parameter of wastewater during coffee wastewater

treatment described in the increasing of water pH contain and the reduction of Total dissolved solid (TDS)
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{a} Tentative Pilot Treatment station

5 T

(d) aerated tank (e) wetland tank (f) water after 3 treatment from wetland
Figure 11 Field application of coffee wastewater treatment concept in large scale; (a) — (e) show the upscaling for 100 litres treatment and (f)

the pretreatment water after wetland from three treatment (landfill, canna, cattail)
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Table 7: Average ratio of Coffee wastewater in Doi Chang coffee production site, 2021

production years

nd

rd

Parameter Village = Wash Mucilage 1 2 3 Water IS

pond water from recycle recycle recycle Source standard*

machine

pH 77 37 3.8 4.2 4.2 4.2 7.5 55-9.0
COD, mg/ml <20 3,097 13,686 1,279 3,077 5,634 <20 <120
BOD@27C,mg/L 5 2,388 8,350 755 2,363 3,600 3 <20
DO, mg/L 5.50 0.40 120 0.53 0.45 0.45 6.85 -
Oil & Grease, mg/L  3.50 10.4 621 9.30 12.0 20.5 <25 <5
Total Suspended < 20 358 508,300 260 500 1,350 <20 <50
Solids, mg/L
Total Dissolved 170 1,477 4,275 914 1,636 2,925 86 < 3,000
Solids, mg/L
Settable Solids, 0.20 11.0 1,000 250 338 350 0 -
mL/L
Turbidity, NTU 17.4 166 3,981 266 338 644 <20 -

Table 8 Description of chemical and flavor profile of coffee bean using coffee recycling

water to ferment compared to native coffee fermentation method.
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COMPOUNDS
ACIDS
ACETIC ACID*

2,3-BUTANEDIONE
2,3-PENTADIONE'
HEXANAL'
3-BUTYROLACTONE'
R-DAMASCENONE"
ETHANONE

FURFURAL"
3-FURAMETHANOL
2_

FURANCARBONXALDEHYDE

FURYLMETHYLAMINE

PHENOL'
4-VINYLPHENOL'
2-METHOXY-4-
VINYLPHENOL

PYRAZINE
2-METHYLPYRAZINE"

1H-PYRROLE-2-
CARBOXYALDEHYDE"

MALTOL"
CAFFEINE
METHYLCHROMONE

LRI FID PEAK AREA (10°)

FFAP Ref Control 3 recycle

1452 1468 1,321 + 146 1,619 + 520
CARBONYLS

1025 446 + 33 391 + 12

1063 1067 510 + 6 541 + 70

1084 1079 36+3 42+4

1653 1637 3,032 + 130 3,153+ 8

1833 1828 7717 147

1846 3,797 + 12 2,604 + 3

FURANS

1478 1473 13706 + 84 9,936 + 91

4837 24562 £88 8835 + 30

1501 1582 5,693 + 43 6,088 =+ 60

1829 3634 + 5 3538 &2
PHENOLS

2019 2030 3,797 + 12 1,595+ 8

2413 82 1 75+ 12

1698 909 23685443, 24,187 + 3
PYRAZINES

1220 1215 2,329 + 20 1,839 + 9

1274 - 1267 7,232 +520 7,093 + 391
PYRROLES

2047 2038 2,550 =+ 35 2,409 + 97

MISCELLANEOUS

1989 2004 7,595 + 47 5,290 + 18

3052 23685+ 47 2414 + 31

1764 17,816 + 82 2,376 + 8

IDENTIFICATION

MS,LRI

MS
MS, LRI
MS, LRI
MS, LRI
MS,LRI
MS

MS,LRI
MS
MS,LRI

MS

MS, LRI

MS
MS

MS, LRI

MS, LRI

MS, LRI

MS, LRI

MS, LRI
MS

CHANGING
PERCENTAGE

-57.97%

27.43%
6.08%
16.67%
13.4%
208%***

3439%***

-25.30%
36.53%
-25.73%

14.63%

46.31%***

64%
10.77%

-44.07%

44.57%

29.20%

0.35%

-38.82%
9.83%

'Compounds reported in Flament (2002); Control = Full-city roasted fermented coffee using AAF techniques ; 3¢ recylcle = Full-city

roasted 3" recycling water used for AAF techniques; Identification method : MS = Mass spectrum; LRI = Linear Retention Indices

obtained from references or literature values (LRI referred to the value in Mondello et al. (2005); Moon and Shibamoto (2009);

Nebesny, Budryn, Kula and Majda(2007); Gonzalez-Rios et al.(2007); Lopez-Gaililea et al.(2006)); “-” = undetected.

Table 9 Field trial on coffee wastewater treatment using three wetland styles (Landfills,

Canna and Cattail)
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Parameter Sump Sediment Filter Aerated Aerated Aerated Plant 1 Plant 2 Plant 3
Tank Tank tank tank tank 2 tank 3 (Control) (Canna) (Cattail)

BODS5 (mg/L) 4250 3450 3575 810 785 72 17 28 25

COD (mg/L) 8586 8143 7170 1948 1771 209 48.8 69.6 73.1

DO (mg/L) 2.6 0.8 0.5 0 0 4.2 0.38 0 0.48

Oil & Grease 20 19.5 4.2 10.9 39 3.88 6.9 5.59 2.5

(mg/L)

pH 4.1 39 4 7.2 7.2 7.6 7.2 6.8 6.8

Phosphorus 10.21 9.033 7.48 1.756 3.565 2.211 0.868 0.405 0.268

(mg/L) 6

Settleable 170 2 60 0.1 0.2 0.5 0.1 0.1 0.2

Solid (mg/L)

Total 3416 3390 3087 1014 1006 380 598 629 540

Dissolved

Solid (me/L)

Total 287 249 226 60.4 68.3 26.5 6.81 4.98 2.77

Suspended

Solid (mg/L)

Total Nitrogen 1040 405 635 148 75 56 20 40 20

(mg/L)

Turbidity 2442 1033.5 1269 151.5 28.65 234 7.44 68.65 241

(NTU)

39



Table 10 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 %
CcOD 3097 me/L 52 mg/L <120 98 %
DO 0.40 mg/L 4.3 mg/L - 90 %
Oil & Grease 10.4 mg/L 2.5 mg/L <5 75%
pH 3.7 75 55-90 90 %
Settleable Solids 11 mL/L 2 mL/L - 81%
Total Dissolved 1477 mg/L 117 mg/L <'3,000 92 %
Solids

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

TKN 94 mg/L 12'meg/L - 87 %
Turbidity 166 NUT. 10 NUT - 93 %
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Figure 12 A.) Coffee fermentation profiles explain in pH, Brix and Turbidity (NTU) and B.) Coffee cupping
spider of traditional wet process (Control) , fermentation by using civet microbes and enzymes (pepsin and

pancreatin) process and civet coffee
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Figure 13 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.
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Figure 14 Coffee fermentation profiles of four treatments (Control, HCl, Pepsin and

pancreatin) explain in pH, Brix and Turbidity (NTU) in fermentation jar.
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Figure 15 Chromatograms of chemical compounds in roasted fermentation coffee and civet coffee.
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Figure 17 Coffee cupping spider of simulation of animal digestive system (Microbe + Enzyme +

pH2 + 24h), control and Civet coffee.
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Table 11 Chemical compounds and flavor/aroma description of fermentation coffee

No. Time Chemical compound in coffee Flavor/Aroma

1 7.54 Pyrazine, methyl- Nutty

2 7.926 3-Furaldehyde Bready

3 9.152 3-Furanmethanol Bready

4 9.19 Thiophene, 2-methyl- Undescribed

5 9.24 2-Furanmethanol Bready

6 11.716 Ethanone, 1-(2-furanyl)- Almond, cocoa
7 11.904 Pyrazine, 2,6-dimethyl- Nutty

8 14.531 2-Furancarboxaldehyde, 5-methyl- Nutty

9 16.327 2-Furanmethanol, acetate Fruity, Banana
10 16.48 Pyrazine, 2-ethyl-6-methyl- Potato

11 16.713 Pyrazine, 2-ethyl-3-methyl- Nutty

12 17.542 1H-Pyrrole, 2,3-dimethyl- Undescribed

13 20.699 Pyrazine, 3-ethyl-2,5-dimethyl- Nutty

14 20.128 Ethanone, 1-(1H-pyrrol-2-yl) Roasted

15 20.725 Pyrazine, 3-ethyl-2,5-dimethyl- Nutty

16 22.443 Maltol Caramel

17 22.926 2-Acetyl-3-methylpyrazine Nutty

18 25.856 1H-Pyrrole, 1-(2-furanylmethyl) Roasted

19 29.8 5-Quinazolinol Undescribed

20 30.205 3a,6-Methano-3aH-indene, 2,3,6,7-tetrahydro- Undescribed

21 30.41 Resorcinol, 2-acetyl- Undescribed

22 30.484 Phenol, 4-ethyl-2-methoxy Smoky, Roasted
23 32.189 2-Methoxy-4-vinylphenol Spicy, Sweer taste
24 33.367 2-Methyl-3H-quinazolin-4-one Undescribed

25 33.441 4-Hydroxy-7-methyl-1,8-naphthylidine Undescribed

26 33.825 Cyclopentane, (3-methylbutylidene) Undescribed

27 33.924 Caffeine Beany roasted coffee
28 34.032 erythro-(Z)(1,4),(EX1',4')-4,4'-Dihydroxybicyclooctyl  Undescribed

29 34.662 a-Furfuryliden-a-furylmethylamine sweet/vanilla

Fruity/Spicy

Note. Flavor/Aroma description from Flament, 2002 and Aprotosoaie et. al, 2016
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Table 12 Cost investment of different fermentation method (1 kilograms of green coffee beans)

Process Cost (baht) Time Disadvantage
Traditional Wet 55 Above 60 hr - Long fermentation
Process - Enormous water used
Machine 35 1 min/kg - Incomplete demucilage

- Broken beans
Chemical 135 Above 24 hr - Chemical residue,

unpleasant odor

Simulation of animal 180 24 hr

digestive system
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Table 13 Average fatty Acid composition in Thai Coffee Oil extracted (200 Sample of Carabica
and C canephora planting between 700 — 1,200 metres altitudes and cultivated in Thailand
during 2018 - 2021

Average Fatty Acid Composition (over 200 samples) Coffee Ol (g/100g)
Total Monounsaturated fatty acid 0.94
Myristoleic acid (C14 1) ND
cis-10-Pentadecenoic acid (C15_1) ND
Palmitoleic acid (C16_1) ND
cis-10-Heptadecenoic acid(C17_1) ND
Oleic acid (C18_1n9c) 0.9
cis-11-Eicosenoic acid (C20_1n9) 0.04
Erucic acid (C22.1n9¢) ND
Nervenic acid (C24 1n9) ND
Total Polyunsaturated fatty acid 4.65
Linoleic acid (C18 2né6c) 4.52%
Gamma-Linolenic acid (C18_3n6) ND
Alpha-Linolenic acid (C18_3n3) 0.13
cis-11,14-Eicosadienoic acid (C20_2n6) ND
cis-8,11,14,17-Eicosatrienoic acid (C20_3n3) ND
Arachidonic acid (C20_4né6) ND
cis-13,16-Docosadienoic acid (C22_2n6) ND
cis-5,8,11,14,17-Eicosapentaenoic acid (C20_5n3) ND
cis-4,7,10,13,16,19-Docosahexanenoic acid (C22_6n3) ND
Total Saturated fatty acid 4.85
Butyric acid (C4_0) ND
Caproic acid (C6_0) ND
Caprylic acid (C8_0) ND
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Capric acid (C10_0) ND
Undecanoic acid (C11_0) ND
Lauric acid (C12_0) ND
Tridecanoic acid (C13 0) ND
Myristic acid (C14_0) 0.01
Pentadecanoic acid (C15_0) ND
Palmitic acid (C16_0) 3.71%*
Heptadecanoic acid (C17_0) 0.01
Stearic acid (C18 0) 0.75
Arachidic acid (C20_0) 0.27
Heneicosanoic acid (C21_0) 0.01
Behenic acid (C22_0) 0.06
Tricosanoic acid (C23_0) 0.01
Lignoceric acid (24_0) 0.02
Total fat 10.45

Table 14 Cafestol and Kahweol content in Thai coffee separated with different tissues in C

arabica and C. canephora compared to the content report by R. Eloy Diaz (2010)

Varieties Samples Content in Tissues (mg/100¢ of Sample)

Perisperm + Pericarp(Pulp) Leaf Extract

Endosperm (Bean)

C. arabica Cafestol 876 + 38 135+2 ND
WCR report 1,105 + 13 f\h ND
RN
Kahweol 0462 + 1 31+9 40 + 1
WcRr re,oor[O() 2 49 + 2 a5 + 2
y o
C Cafestol 185+ 2 36 + 1 3+1
canephora -
WCR report 200 £3 32+ 2 ND
Kahweol 156 +5 ND ND
WCR report ND ND ND

ND = Not detected. ° Measurement conducted using gas chromatography analysis.
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3. mswAsuLUawesUTinus Cafestol wag Kahweol sewrinunssurunsmingseidlonnun
nansAneINsUAsuMUaweIUsuIaEns Cafestol wazU3uaians Kahweol sianisuinudaniun (Figure
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nswasuudaafisadntesiinaudsuulamesIuna Cafestol Tniadeifios 12.32% wag Kahweol Tngiadeifios
5.82% shsiiilothundunanuridngidau Cafestol/Kahweol wuihiidasiidsiuisanunsnagulfiinisiindesiile

nunllidanasenisiuasuwlasestunaansnagy diterpene
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Figure 18 Ratio of Cafestol/Kahweol during C. Arabica Fermentation period
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4. MswAsuwasweTineins Cafestol uag Kahweol :mnmsviukeansniun
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Moisture content < 5%) l@wn N1SAINLANTITUYR, mﬂ%@’auau%@uﬁ 60 8aFLd, NShELSIaUANS U
waznsmseuigamaiiliitiu 80 ssrwaldea (Figure 19) nunsiasuuuaswesuSainaans Cafestol uag
Kahteol aghafifeddglasnuindeldanusoulunsiuigdasianznsidenldnssuiumsviuislagly
wndasdiglidnazidugeu Tsseundsnunasorfingvionslfindosdasoututiinuarsdnanazanaslu
Uhinannifleifisutugnaiuauainiesas 50 - 75 suiinaannisanasvesanssaessinidiotandiuia
dasmsanaafudnsndinves Cafestol/Kahweol azidululumaiendulaey Ratio avegil 1.47 - 1.33 &
wamdlsiuinlsifinasonisiuasuuasesdtsuandndnualvasniul sgslsAinanilovhnmaasuduluya
NARBITY 5 YANUKANITVIAAEUTaIAAAMTLANGsuegailTed Ay lasyanaaeudildianisrhusuny
fianfeynmunuuazgrmnuiilnsuasefingilldinaind 2 damitulinamsmeaeululussduazuum 74,52
- 75.35 usnssdugavaaeuitliineu Tssouaufeuniensi preroast fiflnannasuduiios 61.25 - 67.25
FemzuuuiinruuansrsegreiifoddnlaoianzdeyananistuilaliddiinanuEes underoast (Mulal
an) vdengusamAminukarenslinanisaaeuduiinnalifonslagininganaaeviivihansainlag
nFsuuaIfinduasgnniuauegvauds netuluanzaiunumsnsiudsguniilunuiigesndugedd
gunsaitaeviuiaelussismaulssunuanmgfenidldsiuaslunmsyiurinundy Sdausndu

aggdlunsvihanudilafsladovemumgirenunimniunsely
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Figure 19 Effect of different drying method on Cafestol and Kahweol content in perisperm

tissue during C. arabica fermentation
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5. U3anauans Cafestol uay Kahweol wiouthdansiiushwmdanunnmeaegidwanouSunaansdidy

nansvadeunsidsuwlaesUiunaasdAyveanunluussyiaeiig 6 nssuinuimdinvegeuiiu

nageuivaIsnNuNgamngiinazanuiuaiuay nun1sdsuulaswesliuiuanaswesUsunanhdulaesiunag

@13d1Aey (Table 15, Figure 20 ) Inenudndiausinainisiiusnw 210 fufs 300 funuiarsnuniivluganiuay,

faanEuazgs PP seal Ynatindiusunauuduanategannlaedlodnsiziusunuans Cafestol wag Kahweol §anuy

ASANAIVBIETAINANIELITERTT C/K zanaafisudantasifiounsNainAlsudu fanandliiiuindiies HDPE %

ansanuaNUSInantukaransddny 1ae lnefige PP uay PE Nanunsamuaulalndifssiuiilidesninfesar 10

YaaUsuausuay InsdulivguintinnaeendaudmasenisiudsuiiaeslTuaasdAyng 2 vie
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Figure 20 Shown evaluation of coffee oil content in six types after 210 days of storage

Table 15 Yield (g100. g_1) of diterpenes in Thailand green Arabica coffee oil (Chiangmai 80

varieties from Chiang Rai ‘Wawi’.site-with C/K /n prior 0.24) after 300days of storage at 30C and

Humidity below than 70%

Storage type Cafestol (C)  Kahweol (K)  Ratio (C/K) Total Oil
content (%)
Control 1.20 15.05 0.08 6.37
PE 1.77 8.83 0.20 9.34
HDPE 2.26 9.54 0.24 11.95
PP 1.83 10.17 0.18 9.69
PP-seal 1.48 8.57 0.17 7.83
Foil 1.31 6.15 0.20 6.35

= 1 4 L ‘II 1 d 1 1 - Q
6.U3u"euas Cafestol uay Kahweol winutladanismmdanmunanizaagidwaneuSunaansdrdey
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NEALAT1ZITUTNAIENS Cafestol wag Kahweol Tunundann 7 andivgnniundilimaaoutanm
nsiAsundaswesansddailu 4 funoudradududuian 10 Weu i Table 16 shmsmageumsdigou
WU Light Roast (9aumaililaitiu 180 ssmiwaidarian 12 unil), Ananauuy Medium Roast (9aumgitlaiiiu
220 ssmwaldyanan 15 unil) wazdidunuy Dark Roast (gaumgiililiiu 240 sarmisaifoaian 20 uni)
Lﬁaammilﬁmmamju Polycyclic Aromatic Hydrocarbon Aduansivlunisuanniundamuind3unaansia
Cafestol waw Kahweol fUSinaanauilofanatsuuy Medium Roast wagUuaniutudiodaiduuuy Dark
Roast nndreglasdmuinluniunlstasi (C canephora) asnuans Kahweol Hosuniudeafudunou
duuazUSuudnsduves Cafestol/Kahweol  Sadsundaadisadntesluszwinsaniufiugnniunlng
aonAdasiu Table 4 MsLUAsuulaswesUinaans diterpenes WassuiindlildTueg funafilinuion

donndesiu Eloy Dias,2014  7185u1e91d1s diterpenes  visgazaanasailu dehydrocafestol  waz

v
aa a

dehydrokahweol #842710 8 WINNFNANIULNTTEEAY 60 — 75 LarazdUTUIUAINIADIUIUNIZUIUNITA?

Table 16 Cafestol and Kahweol ratio in Coffee Roasting during C. Arabica and C. canephora in

four different regions

Varieties | Region Cafestol (me/100g)° Kahweéol (mg/100¢)°
Light Medium  Dark Light Medium  Dark
C Khun Wang 285+ 1 262 + 16 300 + 12 986 + 36 924 + 18 1,008 + 28
Arabica | (Chiang Mai)
Wawi (Chiang 425 + 1.5 409 £129 413 +34 998 + 12 978 + 16.3 982 + 22
Rai)
Phutubberk 104 + 10.6 94 +13.6 99 + 14.5 905 + 21 878 + 15 885 +9
(Petchabun)
Khao koh 687 +236 664+316 670+£286 8035 761 + 35 786 + 4
(Petchabun)
Muser (Tak) 963 + 132 951 +128 960+92 762+13 701 + 11 762 + 13
C Sawi 248 + 25 217 + 17 223 + 3 091+£01 08501 0.89+0.1

canepho (Chumporn)

ra Than to (Yala) 458 + 5 a17 £ 12 425 £ 11 25+0.12 21+013 22+0.14

- 1 4 L 1 4 1 1 LY
7.J300ua15 Cafestol uag Kahweol wisuladanisuaniunnamzangidwansuIutuansdirgy

3

ANy Table 17 WUIMHAVDIUVUIANILANUAIINIWIYUIALEN (FINE 200 — 400 um) dUSunuans

'
L) v a

diterpenes wnnIvUIANUARIURIHELNSRRS UNElAAnNUNFuRERUASARAILINN I UAATIEEAT
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agnslsfinudiewSeudisunatanin (percolation time) nuiszaznanvasnisnununasden (FINE) aanldiaan 35 +
3 3un7i vougdl COARSE ldaniites 10 = 3 Funit Fauanslsidiuinansuseneu diterpenes awfiUSinamnidleinisario
fuund IedlevhmmeaeunailumsadaUisufisuiunisunsefuldioadl MEDIUM FINE wuuSanaansunniignd
nan 25 - 30 3w Hilaenedestunanisnageudufinuimnnldnaatatosnit 15 Sunfinulasilsanicounay
iy 30 Jundisavpezdull sgndlsmunuiiusinadetusionun (total lipids) anu Table 18 lawudSanm
Wasuwamdnnanadadl 10 Juniiiedaenndesiunanimmaaeses Capriol, 2012 fszyimsvslngiaioaon
waaleduazinsataluiuil 10 Junfiusnuareenuniieadntosndwiniulnenden 30 Suiierlifletusnuas
Usumazananiiesnniziiwanluniosi %mémamaamLLWﬁu%a%ﬂua'awaalﬂuﬁuﬁﬁqﬁumamimaaﬁa

atvayunsimunsaian unlild diterpenes geuagladiumamunziasening 25 - 30 Jui

Table 17 Cafestol and Kahweol ratio in Coffee Roasting during C. Arabica from Chiang Mai (Khun Wang region)

using Espresso extraction for 9 bars in grinding scale using Kruve® Scale for categorized coffee particle

Description particle size Cafestol Kahweol Ratio /K
(um) (mg/1) (mg/L)

FINE 200 - 400 23.95 36.71 0.65

MEDIUM FINE 500 - 700 19.65 29.61 0.66

MEDIUM 800 - 1,000 16.06 24.60 0.65

MEDIUM COARSE | 1,100 - 1,300 15.85 24.05 0.66

COARSE 1,400 - 1,600 15.49 23.74 0.65

Table 18 Cafestol and Kahweol ratio in Coffee Roasting during C. Arabica from Chiang Mai (Khun Wang region)

using Espresso extraction for 9 bars in different times of extraction

Brewing Diterpenes Lipids
time () Cafestol (mg/L) Kahweol (mg/L) Ratio Total Lipids Oil Extraction
C/K (mg/mL) Yields (%)

0 10.58 16.05 0.66 1.70 5.62

5 12.96 19.64 0.66 2.01 6.23

10 15.73 23.65 0.67 2.19 791

15 15.97 24.10 0.66 2.52 8.23

20 16.06 24.24 0.66 2.62 9.47

25 18.69 28.63 0.65 2.62 9.51

30 20.10 30.81 0.65 2.66 9.61

. o & d
8.nsdlfAnywiaNTABULANET Cafestol wag Kahweol masanssurunsulsgulunungudnaieuiniu

YBINTUITINITLNEAS
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910 Figure 21 ‘uaaas;dwamil,ﬂ?{auuﬂawaqms diterpenes nasanszUIUNIINARNTLH 1oLy
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Rendwuandiduisndnualnuiienun Cambica uax C.canephora avwlsiuassiuunasnandudfgy
Tnenawizlu Ccanephora fitU3uns Kahweol shillaimumaifinduvesansdandseninanasuiunsusgy
wingdla heilnadudindniiadinaoanszuiunisndniiodusnmduddyiinisdvaasaionds
Snsnarumesd (golden ratio, Table 19) Fssrnulusssumiioldesunesndnuaifiaunsasuanunaudn

DTN

Table 19 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/1009)° (meg/1009)° Kahweol Characteristics
Ratio
C. Arabica Khun Wang 272.55 + 29.9 1009.48 + 71.3 0.27 85 - 87/100 Floral with touch of
(Chiang Mai) violet (Geranium)
Wawi 413.88 + 30.9 985.43 + 20.3 0.42 88 - 90/100 Spice with hint of
(Chiang Rai) chocolate
Loei 97.90 £12.36 890.01 + 25 0.11 78 - 80/100 Acacia (citrus floral)
(Loei)
Khao koh 674.78 + 25.6 758.18 + 30.5 0.89 78 - 80/100 Corn and Bittersweet
(Petchabun)
Muser 943,75 + 12.8 699.08 + 12.5 1.35 82 - 85/100 Grain and Citrus-Berry
(Tak)
C. canephora Sawi 227.52 + 37 1.255 + 0.512 181.29 87 - 91/100 Bergamot and Pepper
(Chumporn)
Than to 406.27 + 15.2 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.
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Table 20 Description of Case Studies of variation in ‘Premium Coffee Research station’ located in seven regions of Thailand observed during 2018 — 2021

ML wlasiuwuu  nskidailifiu. U e v O auminniun mMafiushwasnium 3NN n1sAANIALAY
NN (e AU PRI
AUEIINYATNAN / / / Tswnnnuluasending  Tsafumuauana®u + ge HOPE  osdanunl 10Alansu was /
Woslnd (e¥5191) (23 Brix) (4 uw) sampling roaster
AuIToinunsiigs / / / aunuNuaoIfing  Tsaffurduniaa ity + 03 HOPE  teSesdaniunl 10ATandy uaw /
WJerase (@8510M") (25 Brix) (5 Un) WasLA3asaU sampling roaster
AuiTeinunsiigs / / / Tswnnnuluaseniind  TssAumuauANLTY + g3 HOPE \esinium 10ATan3u /
syl (925101) (18 Brix) (10 69
AT AL / / / aunuNkase e « TsafturauauAaaiy + 03 HOPE \3esdanum 10ATan3u /
NSINYATAN (923101 (17 Brix) (10 &9) (lmsa)
Audideiivauae / / / aumuNuaind  Tsafuaauauaaay + 9 HDPE * /
(925101) (18 Brix) (5 9
Audideiiveaiu / / / aunuuafind  Tsafuaauauaray + 9 HDPE \esianum 10ATan3u /
YUNS (lsUasn) (Size 18 cm) (2 Uauay 3
i)
AugITBLaEiRLINSINYATEYD / / / aunuNLaDITing  Tsaffurauamaaey + 03 HOPE * /
(IsUadn) (Size 18 cm) (5 69
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Table 21 Description of Case Studies of variation in ‘Premium Coffee Farm’ located in seven regions of Thailand observed during 2018 - 2021

NUWJUN 1Y BUGNVIULUU T IRLOPI0ULTIULTITd UUWNTITI 1N CIWYIITITI I TUIRBITURITIY 161 13717 1k TIIRFIITT Ik TI1RPIPILTIIVILLEISWII 4y
AU Uszidly
U3¥N Lazy Man / / / Tssmnnunluaseniind  Tsufiumuauenadu +  e3esdaniun 10 Alandy uay /
Coffee, (@25710M) (28 - 30 Brix) (4 Ua) 03 HDPE sampling roaster
gnaung Jamdn
Wesly
Ismungnzums, / / / aunuuaofind  lsufumuguarwdu +  edesdaniul 10 Alandu uaz /
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Figure 21 Summarize of Diterpenes variation during coffee processing life cycle with the
processing techniques

critical point of diterpenes amounts which refered to different
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