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nusluisyalad dwsunisaiing 6 sou fefvharaisauen nuissAninmuazaiud
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ABSTRACT

Optimization of two parameters in espresso coffee oil extraction:
extraction time and mass ratio of dried spent coffee grounds (DSCG)-to-solvent were
conducted on DSCG employing four solvents. Yield of coffee oil from extraction
process were investigated using response surface methodology (RSM). Predicted
models from evaluating with RSM were verified by actual experiments of each optimal
condition. The results showed that the experimental yields of 14.68 wt.% (using
hexane), 13.13 wt.% (using anhydrous ethanol), 11.80 wt.% (using hydrous ethanol),
and 7.52 wt.% (using methanol), were achieved. Prototype extraction was tested using
the circulation process. Approx. 11.83 wt.% oil yield of prototype extraction can be
extracted from DSCG under optimal condition: 22.5 ¢.g* mass ratio of DSCG-to-hexane,
and 30.4 min extraction time from laboratory-scale results. In this study, the repeated
miscella was investigated to repeatedly extract the oil in freshly DSCG. For six time in
the oil extraction process using repeated miscella, the repeated miscella of each time
has the high efficiency and stability of coffee oil yield same as freshly hexane. Average
variable cost (AVC) for coffee oil extraction process are 495.46 Baht per kilogram of oil,
then the 95% of them due to the loss of residual hexane in defatted spent coffee
grounds (DFSCG) after extraction process. Therefore, if the residual hexane recovery
system in DFSCG is installed in this extraction process, the AVC of coffee oil will be

decreased to approximately 25.67 Baht per kilogram
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Y

'
a

natalandounas 50 U [11] wanafansuanfiiiuduegsaiiosnaiandlusui 1.1 uazsy

Y

D

1.2 10T w2506 fanusufiossarinsssmainanniun lnedakiosdnisiiddod 1ICO &
dpuansierelunanslan Tasiamgitetdestunstnauauddmsuiatilsiinniuluay
aLAETIAUNG AL A USINaaAN LHIARa A 0duRa1n ndeyaves ICO Tu
U w.a. 2556 fdamswannuiilanyszanm 8.71 dudu [5] dwduniswanlugiinie
L@L%mzi’uaaﬂlﬁm‘[,éfﬁaLLami’ﬂugﬂﬁ 1.2 [12] IneUseananfinandndseonudaniwnfvain
flanvedlanlaun UBa Foaum waz Bulaiidy mudiiu duandlupissi 1.1 andeya
Mandmdnnulaziiulfimainnundaiuaiiosnwganaziinisvenefedisdeiosmny
AMNRDINITUSLAATBIUTEYINTlAN

dnsulszmelnefiindenisudnfadusud 19 vedlan wazidudsud 3
YoanaueTenz Tuoenidedld deanunsonanls 124,620 du Tugae 3 Visnuun wazanunsa
wamidnnuldfameiuglstaniuarersedn uazandeyanisdrsnavesnssnaamided
Tu® w.@. 2557 Uizmﬂlmﬁﬁuﬁmsﬂqﬂ 263,815 13 finandneangnain 38,452 du/U uay
%ﬁﬁuﬁmwﬂqmﬁwfﬂuﬁ 2558 dnUsyan 5,817 15 [13]

n1591nn1581599% W, 2543 Aulnedisnsinsaunusiegil 50 wia/au/dl
by 200 wiv/au/A Tl wa. 2553 [14] Sarmadvlavesgsiaduniuan sewined
W.el. 2552-2557 Yenesadeiovay 5.4 ded yadimaialul w.e. 2552 uay w.A. 2557
WINAU 14,083 81UV kA 17,400 81UV ANEIRU [15] Lsziuﬁmﬁumm@mLw\lﬁwﬁagﬂﬁ
fyarimainy w.a. 2556 Useanad 9,650 auUm LavAainansoLiaTulaR 10,630 a1u
umlud w.e. 2560 [16] wazdmsulul w.e. 2557 USinuaudesnisiwdaniuivesussing
Tne SUszanas 7.5 wiludy [5] MnnunldiunannnIsseanIuan LagaInnsEuIuNISHAAN LN
5%"1L%ﬁ]'guLﬁamé‘mﬂfwmLLWLLazﬁwiﬂﬁwmLw\IméhsJmzmumsﬁmﬁuwuw'wlaa (spray drying)

"N?,Jﬂ’]ﬂﬂ’]LLWLWﬁ@V]\ﬂUUﬁJ’]mQﬂLLGZNE]G]Y]LWJJGUUSLUVJF]""]U
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1.1 ‘U%mmmimﬁmLuﬁmmumwiazgﬁmﬂ 50 Ygaunad [11]
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JUT 1.2 UsinaennudesnistdnuudaniunvesUsanaluwouiolony iueonidedls [12]



3971 1.1 SudvUszmaguanniul szmined 2556-2556 [17]

Total production (million tons)
Ranking Producing countries

2013 2012 2011
1 Brazil 2.965 3.038 2.701
2 Viet Nam 1.461 1.565 1.277
3 Indonesia 0.699 0.691 0.639
4 Colombia 0.653 0.462 0.469
5 India 0.318 0.314 0.302
6 Honduras 0.273 0.343 0.284
7 Ethiopia 0.270 0.276 0.377
8 Peru 0.256 0.314 0.332
9 Guatemala 0.253 0.273 0.265
10 Mexico 0.232 0.246 0.237

123 Wann1uw
nunnflenugniiiiies 2 fiugnane lawn Wugensztn Coffea Arabica L.
cv. Caturra (Arabica) uag ﬁuﬁﬁsﬁ’am Coffea canephora var. robusta (Robusta) [18] #1u

'
=

sUft 1.3 1191 Tnganuusnsnsvasnuiisaessinifo ersednuatguivlaldlufionnaby
Jafosdgnluiiufigeannsedutmesaussana 600-2,200 was SUTuauiisu 1,200-2,200
fadwnseiol figamnliussann 15-24°C Indunenannnin anusesndt uaziiuiunm
aulduiiesninszunuanin Welfleufuaeiuglstant dunuliuglsdaniauisa
Ugnldmnitudifiduangn o1nafeudu Arugeatnseduimeia Ussanm 0-800 wing
USnauniely 2,200-3,000 ﬁaﬁmm&iaﬂﬁqmmﬁﬂizmm 18-36°C Q’mﬁmmuﬂﬁﬂ%ﬁmmw

v ¢ a

WugoselnunauiuiuglsUan iiveiiuauvey wilsUan1asiigawiusosusunaunndy

MunnIiugensedng [20] wiiaesaneiudaunsoanauiduniunlaaniauudaniwiiu
(green coffee bean, GCB) WagnuiA3 (roasted coffee bean, RCB) TnguSunatisiuluiuén
nune15¥ini aglivszunaunnninlsUant Mussatto wagaug [6] vin1sAnwianyueTan

= Qy =) L= ) (3 IS |3 U s
WiaeNIaInATEUIUNILUIFUNILI INTUSHUNBUBIAUTENBUNILANTDINAANILINUG

21520 wazlsUan Neaaandlun1sIen 1.2



JUT 1.3 (n) nanuniugenszdng () waanunAuiugerszing () nanuniuglsUany

waz (3) wannunAunuglsUan [19]

=

U7 1.4 fudimzugnausiialan [1]

(r Aig nuniiuglsdant m Ao nuvliuglsUannane1sein uaz a Ao Nuiugerszdni)



AN997 1.2 Chemical composition of green coffee bean [6]

Component Arabica Robusta
Soluble carbohydrates (wt.%) 9-12.5 6-11.5
Monosaccharides (wt.%) 0.2-0.5 0.2-0.5
Oligosaccharides (wt.%) 6-9 3-7
Polysaccharides (wt.%) 3-4 3-4
Insoluble polysaccharides (wt.%) 46-53 34-44
Hemicelluloses (wt.%) 5-10 3-4
Cellulose, B (1-4)mannan 41-43 32-40
Acids and phenols
Volatile acids (wt.%) 0.1 0.1
Nonvolatile aliphatic acids (wt.%) 2-2.9 1.3-2.2
Chlorogenic acid (wt.%) 6.7-9.2 7.1-12.1
Lignin (wt.%) 1-3 1-3
Lipids (wt.%) 15-18 8-12
Wax (wt.%) 0.2-0.3 0.2-0.3
Oil (wt.%) 7.0-17.7 1.7-17.7
N compounds 11-15 11-15
Free amino acids 0.2-0.8 0.2-0.8
Proteins 8.5-12 8.5-12
Caffeine 0.8-1.4 1.7-4.0
Trigonelline 0.6-1.2 0.3-0.9
Minerals 3-54 3-5.4

1.2.4  NMTHAALAZAITVINLN

1241 MSUAAUAANILN

n1suAnwannIuN [21] 99n5U7 1.5 nantunanagddung (coffee

cherries) Winted@iutile (pericarp) 890 138071 LWAANILNAU (green coffee bean, GCB)

TupauNsHARLAANILI 31 2 JUkUUAD n1skAnuanniunlanedsuie (dry processing) 1u

nsuanansnwlaenstnddiuinidu pericarb voananLopNNAIINATIUIAS FUAUAIN

msfndensaniun wenidunaiigniiuly nauivienanignuuasinats antudman1wii



AAINALUYIWS (dehydration) Tngn15anukan (sun drying) UUaIUBWIUANSBlUAIAE?
nduiluszaey iedeatunisuinuasdvemaniunliainaue n1sainuiaazyiauniw
widenuduliiiu 12% edestunisasaivlnves 51 wazuuafise andudaiun
nzmziUaen (hulling) Naﬂ’lLLWﬁLLﬁﬂﬁ]%Qﬂﬂ%LV]’lzL‘Uaamﬁmmﬁhuﬁﬁﬁlﬂ’h pericarp 99
Fsanunsoldilovioldgunsaiiifidnunizadiorsnivain videliiaTosnziniziuden lngiaieq
newnzlenagldanguesiusznoundniunisviliildendiu pericarb naneenudidanig
yhAuazen (cleaning) WdanuiignnzimeidoniFeuiesudazgnirumienuazen

P

Tnonsldaudn dauntsnanarsniunuuuisilen (wet process or wash method) 18u
Wnsnfeuduunsvans nszagliansnunilinunin sauAnng FIANGINTINIBUA (dry
2 o 2 o X » _ .
process) lagfidunoulunisaniunisituney asil nnsvenilden (pulping) Inansuina
nuwgnuvanidenuen Taewasesasnden (pulper) lngldurazaradudivasdu n1s
annasnAIsyiTundsannisiAuien wWisldlvnaniwniAnnisusin (fermentation) @9vi
Tinanmvesarsniwl ndu wazsawadsly Tunousionn n1sidaiiien (demucilaging)

& a A 1% a A . v < IP)
wannuniveniuFenueneeanud axdlillen (mucilage) vievuudnegdsaziosidneanly

338n15A9 nsmdaianlaedsn1suneus ISR (natural fermentation) L1ASANSN

2.

(%
awvav a

UjuRausn lnetnudaniuniiveniudenssnudiniug luvefiuud vwin I3szuieiiesn
auans Tdwdanunuszann 3/4 vesde uddlduiliiauainiiniu udirquuediedivie

wanafndauinuaduud Nald 24-48 Flus Tunsaifaumnisionnianuliu n1svin

9 Y
v

o199gldnan 48-72 dhlus antuddesthiauddwdaundraiiliazenn Yiadnundasn
adilunznirand Afluinmenindeiuliidnann Wedaudrudaniunaslidundadneiie
arendnadatoudiazdn uan 3nianienisidadieninenisldene (lye peeling) Tneld
Toeulansonlas (NaOH) aududu 10% wadulvefuudildninaudaniun wdsainm
wannuiUsTINa) 250-300 Alanda wasinagliaueiu mntldlinoniusdaniuiely
ansazanonszanslivhnaeuszana 30-60 Uit ndsanisly 20 urit wEImsI9dEUINANS
douiiioneannun wiowndeenlunusliniusnaunsy 30 unil udansraeudnads e
floneenrundesinudaniunludsietiazen 34 adsdoutluisunaliuds 35desld
nanUszanadldiiu 1 92l Istan 1 $alus 30 wndl) ndsanuanniuniun1sa1srha
dxe1auan Ynuanniunyinwiis (dehydration) Ingn1sainuwan (sun drying) UlauBLLUs
vidomasuundrenanainuuwaslsile ndowsanuinssaeainausldniswuniy 4 99
AsTavnsInasmEanuTuas 2-0 a%s awlfuEautadity waznainatsiumsnes

winlunes wazldnarafinaguiiiolesiuiiunseundns daaininUssuia 7-10 Ju
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winariinutulsyann 10-12% wan3eussquannun (packing) TPEEANNTIUT U
assiuliluguvesniunngan (parchment coffee) mszazansadnvienurluaz ey
nsganduAETuN LA wazarsusstlunszasuiulnuazusiadn Aululsafudia
omAanem Iaznan Tisuiu newhnsmasnunazdewiudunaunisaniurnzan
(hulling) Fsnunnzarfiaziilusmineaisazynisifielannsateandieiniesdnzaasle

asnunnianwasinfideeud Seniuudanunidu (green coffee bean, GCB)

- Exocarp —

Y
~
/

Mesocarp

Endocarp

Endosperm

Silver skin
gﬂﬁ 1.5 asAUsenauveananIuil (coffee cherries) wagidinniun (coffee beans) [22]

1.2.4.2  nspanIwiaIe?Siaansale

Tngdulngudinudaniundvu (GCB) Hiunsmual aglaudn

NuAa (roasted coffee bean, RCB) wannundazgniiuinusyuidutiniunuazidng

Y

NTEUIUATVIUIALUUNUHBE (spray drying) Lﬁawﬁmﬂuml,l,wezjaqﬁ%%gﬂLLasmLW\Iﬂizﬂaq

AFUATtlAUIN NN ARIUN TLUIUNITVILUULDALNT ALY FILUNTLUIUNITUS LUAR

1%
o v

Y] VY a d' ' a & da o 2/ YY)
ﬂ']LLW@’JQ%QﬂUﬂI‘WL‘UUNQﬁ%L@EJG]LW@%'JEJLWMWUV]N’J“U@QWWLL‘V\J ‘Vl’]I'WL! TOUNTUNANINLN

[
= 1 a

anansaazangansduvsgluilonunlafgety [23] vunaverinLHazuegiuTsn1svanIum
lAgN13BINILIaIEnsEUIUMTeaLNTaly HeanuNAITHvuIAEUsUAUENa1aUTEIIM 0.3
Haduns wasdvunladu dnTUnN139998358 U LU N13BINIWNLUY paper filter (VWA

0.5 1) metal filter (vu1m 0.7 1u.) percolator (Yu1m 0.8 Ui.) waz french press (VUIA
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(%
o

0.9 u111.) [24] A svanvuioamsaluduitnsatanunlagriuiifianuieugumgi
88 +2°C uarAIINFUZY 9 +1 bar asuurInILuazLBoafiTnsSafiegsaiiaue
SounssiugesunaniutunsnuiadnsesdUsznaufiasanstuarliazaneth Tnsdauiil
azmaﬁwmmﬂ@f'aLﬂuaymmé‘m WUIUARY (ADARBYA) ag'lwfwmuvxlaﬁ’m s?fqamauﬁ'@fdwf
arldanunsailéannnissaisaug Bnsmanurluaziedesssniunuuuieansaly Idududn
1nUszinadnia lasiinuseAusde Angelo Moriondo wagldananddnsliluiiles Turin
Tul w.e. 2427 [25] waglul w.a. 2541 Yssinadandlugiusaunitaioansaly laoon
mmgwmiaﬁ’ﬂﬁwmLLWI@&%’%L@&LW%M 1na@n1UU International Institute of Coffee
Tasters and the Taster Study Center (Centro Studi Assaggiatori) Puanslunised 1.3

[26]

M37 1.3 Fornuadiklsaruaukaz N NainNnsen e Isansaly [26]

ARANYIUY Usua (1 shot)
USrnaumuniildiavan (9) 7.0 £0.5
paungiilumsara (0 88 +2
gaumginiunludae (°C) 67 =3
usesfutih3eu (bar) 9 +1
narlumsurusamn (sec) 25 +5
Snvasztnnueade
AUnATa 7 45°C (mPa.s) > 15
Yhsfusa (mg.mL™) > 2
AMNDU (mg.cup™) < 100
Usunausuwea (mL) 25.0 2.5

1.2.5  &nuaiznInNInIenIgn nkareIrusEnaunaall
eiaumﬁaﬁyamﬂmsaﬁ’mﬁwmLW\ILﬁaﬁﬂﬂmtﬂumLLWUszLﬂWi'm 13N77
AU (spent coffee grounds, SCG) AnwasduniiioanBoniinutuguniztududou
Fauansluguil 1.6 ﬁﬂf’lﬁuagjuuﬁmizmm 7-17 wt.% [27] dwsuaaeauU@nisnienIn nn
AN (spent coffee grounds) AnnuAUsIAaneinsfy (defatted spent coffee grounds,

DFSCG) ANUTOLAAILARINITINN 1.4 ATNAINALANFIINA1TFINWN AINAINALNADU
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1 1% (%
o w [y

waznaensanmiduuardnvuruiinauLaznaINMsaiaifulansfagui 1.6 uag

U 1.7

(n) (¥)

JUN 1.6 (1) MNNUNRDTI41NNITRIN N

1%
o w

(@) MNNLENBULINBUANANNIY kAL (A) NNNLNNEIANAU]

(n) (¥)
U7 1.7 (n) ammaneninnunsendesqanssaididnnseuniindesnsin DSCG
waiz (v) DFSCG [28]
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M597 1.4 Aauandamaaiilagn1anign nveaninnLm [29]

DSCG DFSCG
Parameter

[29] (7] (28] [29]
Higher heating value (MJ.kg?) 19.3 22.74 - 19
Moisture (wt.%) 65.7 - - 9.4
Total carbon (wt.%) 67.3 54.61 - 69.5
Total nitrogen (wt.%) 2.2 3.97 2.79 2.0
Protein (g.100.g) 13.7 - 1744 123
Ash (wt.%) 2.2 1.35 1.30 1.65
Cellulose (wt.%) 13.8 - 12.40 153
Klason lignin (wt.%) 31.9 - 17.59 30.9
Soluble lignin (wt.%) 1.7 - 6.31 1.6
Total lignin (wt.%) 33.6 33.32 23.90 32.5

126 nstdusglevininnwnlulagdu

nnnumae s nFruvienuantugusulagdugninanldulssuiive

nslduselevtegneing nsldnuenaiivedidauasivsununisidanutdesioweuiulsunm
a & a o 1 v 1 Y o w @ [ 2/ &

nnnuuiens Inedidaeg1anisldau wu ldvindanumnsiin Jagmawnuld nszidesain
nnnun M duTaamanlunmswiinlaiu Tdnindundu daRa wenwi nauay wuuy A3uWIR
Tdvidetivan Tolawuasdmgity nnnunfmaldfewdudsslemisein ndununaunsald
lawanld wazraunnnuneuigdy Yglivuanuazlamiv WWusy

N
av a A ¥ %

127  dendetestunisidusslevdarnninniuisunisiaudutainda

{ o

Jagtuiinguinidelunaeanvi@nwinisiinnnuwlulduselevilunany

De =

WWINNG FaUengun1slanadl

1271 wlndlaenss
AN Ui fueuasiagedadudadendnfiinlndls
n¥suaudougs Ussnaufudivimadidndisn dagtuiinisldninnuunludlnensdy
wsnvasviislotilulssrundnnund oy wWesndnmnnuhiutaguiefadudiuam
11N sinesionisianis Hreandlddnglunisvuds mafdnuazdisanduyusnundanuly

ASNER [30]
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1.2.7.2  \W0NAI0ALYININAINNTLN

zﬁy a o ] . a o A ! (Y < |

LFINAI9RLNY (briquette) VUL NBABONITIALAY NITVUES
FwNsespIuimusRuanvasidaudesen s lUlgnudmiunminsgu 8ni
nnnnuifinaaudfvuisanduingiundaemdsdadaludiuainiuiou Ysuw
ANSUBUAIAILAZUSITLON ASLEndlumI5199 1.5 J3N1TANILAZYIAFOULT DL WA AL
nmnnulag Sudjaitham wasang [31] Anwanudululalunsuanomdednuwriaann
nnnulagldaiesdndu wagiiiussaunldlunuide 3 vlinfe fnauruinirydy
d1Uende wazwdalun wiowradnseiAnaudAinIanIuNIEAIN AUEBINEY wag@Anw
ANUANAIMIBATYgAanslun1sianlagldada wudinslddilssanuasyinlienausou
A ' | ! 3 = a Y o v ]
ANAY UAIAIUAUILUUBYIENING 0.5-0.9 g.cm Feazilmanaudlosussauildanas Al

v

Futunnsruagsening 0.82-0.99 Fudurfiuansienruannsovendemadummuseuss
nszunnlunisauasld warlimduusyansnsldanuvesauioudesar 13.3-23.4 35lndifes
Auldily waglaaguinlaseanisiianuAuatlunisasu Limousy wavame [32] viin1sfinen
Uszansnmidennudeudemasdadafindnainninnuriiesegraienuiouiisuiu
Fomdsadaantdesldaunasninnuikandidesanlfaulusnsduiininue a1niy
naaounsldenly Boiler vumdn 12 kW wuidmudouiildandemadadinninniuwn
Fesetradeadannnindemadauiinliau uasiteimasdauvintaguaslvaa
%auﬁqqﬁqﬂimﬁmmm%auwi1f"w’u 19.55 MJ.kg! 19.23 MJ kg tag 19.63 MJ.kg! auanau
Tuwaiivsyansammawilnsiuasieledelduansumsnsd 1.6 Gio1andnleindomas
‘”mLﬁmmﬂmﬂmLLWNau%L?{aaﬁﬂmamﬁ'ammzaﬂumim%mL%@Lwﬁqé“ﬂl,ﬁmiﬂé’lﬁmﬁu

3] a o <

WWalndewalnantlaeslunenalnLaraNAIAINIDULAYAIIURUILLUTLANA1SA WY B

3

<

= a o & A v . Y = ) oA
BLNAIDALIANINNLNLAZ LAY N15LEIULUL boiler 819ABINSANYIUSULASTLALNL AL
WALLAL DNVINSNAINTAWABAINNTENAUITURALAINTLMABAINNITNNNLONIUDATIAIL

AaaudRlunsluingiundniemasddadonisinwnazusuusmalulusuan
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= wa o ° [ a & a o <
A1 1.5 ABENUAVMILNSENENTUNAALIBINAIDALIA [33]

Property Content
Higher heating value (MJ.kg?) > 12.55
Fixed carbon (wt.%) > 15
Ash (wt.%) <20
Total sulfur (wt.%) <2
Oxidizer (wt.%) N/A
Explosive (wt.%) N/A
Strong oxidizing agent (wt.%) N/A

Note: N/A: is not available

A15799 1.6 n1sneasuldnudeamdsdasinluniony [32]

Property DSCG Pine sawdust Blend 50:50
Carbon monoxide (ppm.vol™) 11.8 7.9 6.7
Particles (mg.Nm™) 17.5 14.2 13.9

Higher heating value (MJ.kg™?) 19.6 19.2 19.6

Boiler combustion efficiencies (%) 86.3 90.8 91.9

1273 lulalemusaainninniuu

Eilhann agAaz [34] INN15ANEINITNENLENIUAINAINATLN
dendnvarnamenmuesninnuiidiulng dussddsznoudssamima dlesiu
nszuunsniineledasldlefianeaneged w3elunin WNUea lngaguin NseuUIuNITUReY
eeuluivessn Barh) anAntulddnioninlnsndwelsduasnsalutudassdeglunin
NUNTAYINNSLATEYLAULA Tunsrurunsmingslemhnnnunasadiuiiduisussndeu
nan1snaassnuIEusandnlulateniusanaglulofwalanalavindu 0.46 ¢.¢! uay
97.5 +0.5% puddu ewSsuleuiulusiulazesdussnauinmanmmaiiadaldainnin

AL

1.2.7.4  Tulafwaanunduniwm

AANIWINTINIUATTFINTUNNT BN IUATEUIUNTAAAANTA LN A8

v
LR A 1

ONLAINU E’Tﬂmmﬁaaqﬁﬂizﬂauﬁﬂuumumaaag 7-17 wt.% [27] Teeudnsdiuainninniwn

[ a a

fnauanugaandlumnsei 1.7 Falifiuddeves Mebrahtu Wagany [35] ¥n1s@NYINTS
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waslulofealpoiduanmsatmituannnmunlagldieneuduivhasansuazdiiu i
afnldfuTngAvlunsndalulefwanuy 2 tuneu ddldnsndaininuarludienlensonled
Wusssufasenlunssuauniseamesiindunaznszuiun1smsiudioamesiiady
puddy annsadsuihiuaiaanninnulinareidululefiea fifusuumaldiinty
73.4 wt.% lasamnmildiuenasguthifudmsuldvauhtusianarsnnvendy (middle
distillate fuels) itonAnlulofiuan1uu1nsgiu ASTM D 6751- 09 (B100) Grades S15 and
5500 uarfiudfuves Caetano uazamy [29] Anwinsatninduninnundedavazats
hexane @z isopropanol 7isasduwazaUduTus1eY \onnaoudsunaniifuiiannse
aftold ndudngnssuiunsidnlulefieauuvasstunoulneldusanasedussinnamiuea
wazlflmdenlansenlediduinissufisewihujiseorigumall 60°C AnuiFiseunIuNas 80
sou/unit Wunan 3 Hlus annsandnlulefiwaldanuuiand 86% fuiduves Todaka

1%
L = ¥

wazAMy [36] AnwIn1suan tulafwaanulTun Ikl U1TuaURA1 wae UITULSNE R fae

Y

methanol, ethanol, 1-propanol wag 1-butanol laeldluifeslansenlendudiissujisen
wululafwaainunsiununild 1-butanol daaaudiludiwdowndiif Iauaiesee

gauuQil (thermal stability) wag nusen1siinufisereendintulid lnuauaudvedlule
a goj LY

Awaannisumuwnlanandlunisnen 1.7

M15°9% 1.7 aaudalulefwaanninduniuiiSeuiieunnnsgu

Property [29] [35] [36] [37] EN 14214 [37]
Color brown brown brown brown -

Appearance Liquid Liquid Liquid Liquid -

Cloud point (°C) - . 12 13.1 -

Kinetic viscosity (mm?.s™?) - - 11.2 5.19 3.5-5.0
Density (g.cm™) - - 0.887 - -

Reaction yield (wt.%) 37.3 60.5 66.5 - :

Water content (ppm) 2708 - - 632 < 500

lodine value (g 1,.100.g7%) 70.0 2.14 - - <120

Acid value (mg KOH.¢™) 1.9 - - 0.11 <05

Methyl ester content (wt.%)  86.0 69.3 : - > 96.5
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128  msafnhsunnnul

N15aAA (extraction) AB NIZUIUNTITUEN (separation) lagltvosnaidn
silavdadusiiarats avaeasfideinsuenlngliazasosnynlufvhazans dmsunis
aﬁ’ﬂﬁwﬁuaammmﬂmLLW%%’maaﬂuﬂszmm n1sannvedsiigvanmad solid-liquid
extraction w3a138ndndonilsinn1sve (leaching) Ao Nsavarsdiulsznaufidesnisaen
Mnvewanuisfiefviaratsveuvad dmiunsdliidiuusznevifiosnisazarsoguuiia
nMnvesudeiiliazany Wudisanszuiunmsdseendedivinazais (elutriation 3o elution)
38] msafathduanninnu (5C6) mdaduftadlufnulunateussma Jagiuiiany
weneunaaeslfiaratenieg nagounuasalunsatnuitiuain DSCG luszu
vosUfuAn1sTagld Soxhlet extractor dsamnsnatminguanninnuld Tneldsvhazas

19U hexane, isopropanol, pentane Lag acetone \Jusu Auddeves Ferrari wavang [39]

3

la@neIN1sannunTuaINWann LNAL (roasted coffee bean, RCB) Y8999t UAANLNTUS

9

anszdnuaviudlsdant ngldansazane pentane vin1saringae Soxhlet extraction 1Uu

s

1981 4 Gl wudn dregeannkilaeugensein vy 16.5 0.4 wt.% wazangnug

]

TsUamlyusunatingdu 9.2 £0.1 wt.% iy Al-Hamamre kasae [40] tovinn1sAne
N15anAU1uaIN DSCG A1nAinazatauuuiva (polar) wagliiian (non-polar) Ave

(%

Soxhlet extraction Tg1ia1@in 30 U9l fredavitazarsuuuluids (pentane, hexane
toluene, chloroform) lauUSunauungdiu 15.18 wt.% 15.28 wt.% 14.32 wt.% uaz 8.60 wt.%

AIUAINU WAy AIYiNaga18uuy polar solvents lawn acetone, isopropanol ag ethanol

[ a v

WINAU 12.92 wt.% 10.68 wt.% Waz 9.18 wt.% mua1au wazdiiuidedus Nlaaneinig

v v '
v o o t ¥ A

annuiuannundslaaguiieulanisadauiiuniseulusieg deanddunisedn 1.8

LaSUAUFNUAUINUAIATITINN 1.9



AN5199 1.8 N1snaaauanausuNILk

Extraction Time (min)  Type of solvent Solvent to DSCG  Yield Ref.
method (mL.g?) (wt.%)

Ultrasound 45 hexane 4.0:1 12 [41]
Soxhlet 30 pentane 4.2:1 15.18 [40]
Soxhlet 30 hexane 4.2:1 15.28 [40]
Soxhlet 30 toluene 4.2:1 14.32 [40]
Soxhlet a0 chloroform 4.2:1 11.15 [40]
Soxhlet 30 acetone 4.2:1 12.92 [40]
Soxhlet 50 isopropanol 4.2:1 10.92 [40]
Soxhlet a0 ethanol 4.2:1 11.9 [40]
Soxhlet 150-570 50:50 (hex:iso) 20:1 215 [42]
Soxhlet 150-570 isopropanol 20:1 21 [42]
Soxhlet 150-570 80:20 (hex:iso) 20:1 19.5 [42]
Soxhlet 150-570 n-octane 20:1 26 [42]
Soxhlet 150-570 hexane 20:1 16 [42]
Soxhlet 150-570 ethanol 20:1 16 [42]
Soxhlet 150-570 60:40 (hex:iso) 20:1 17 [42]
Soxhlet 150-570 70:30 (hex:iso) 20:1 21 [42]
Soxhlet 150-570 heptane 20:1 18 [42]

MU hexiso A9 hexane #® isopropanol
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Property [37] [36] [29]

Color Dark brown Dark brown Dark brown
Moisture (%) - - 0.118

HHV (MJ.kg™) : : 40.8
Density at 15°C (kg.m™) 941 904.2 912
Viscosity 40°C (mm?.s™) 49.64 33.92 39.8

Acid value (mg KOH.¢™") 11.27 8.0 9.9

lodine value (g lodine.g™) - - 0.476

1.2.9 waluladasosans
UTLLANNTZUIUNITYINIIU 91akuseanlaldu nszulunisanituzlined

(unsteady-state operation) WAENILUIUNITANIULANN (steady-state operation)

1.2.9.1  nszuaumsanuzlingi [38]
nsrulunisantuzlauae?l (unsteady-state operation) LY u
nsgUIUNIsIudnYazNveuddwIunils gnussieveunaldiuuniaiunsag (batch

operation) nioludnuaznefeLiioy (semi-batch or semi-continuous operation) &4

o 1% 1

Y0l gNITIIrsaIilnasgmailier vewmilsnduteulnginzgnadniionisuy

Y
=3 |

(percolation) luiAsasainuuuLunill (fixed bed) druvaudsiiiiusyniaidnsuviuaseig

Y

nazananaluAIosainllunIu (agitator) SNWMENTULLALANWULVDILATOIANALUNLIN

Y

[
Al 1

Uleiun veudaifioynaUunan anunsasglaenisldiadn enafissuugunyuisuveumad

3

WidnwazrananeTuiusssuAvesanstlou nsvuds wazUsunnesanstou vun
oynamsindlassty Weutveaudsluamsazasnatuiuneaviiansazawarineenmieiy
§1 Womnsuuuisreiosasursaraiiiaresnaniudetereiies nsudenavily
Fniatosiunsssmevesasaranevioiiososnisiiuanusuietislunisadn Sad

Farsunianizdn Anihees (diffuser) augui 1.8
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U7l 1.8 deivlilweslflumsadiatiinna [368]

1.29.1.1 MIUNaaI8ATINIENTELEAIUN [38]
mMsvzvzedadsiuunilsefiasaieugrsluds
wae ) AsIluanuaiisandn nsualadu (cross-current) ansazanelaaziinnududu

#1 A UNIZUIUNISIDUBUUNSEUN anaeASIA18nTELAaaIUNIe (counter-current

a

multiple contract) Ussansa1nnisainaggadunauandlusui 1.9 wiienaniaenisane

[

Yoaudendinisgdndmisonseenuuuliilussuunaiies@gieanizaounaininds
MNBLAUAGIamIneavady Weveawdsludmungiavingagnyzuiunenazaie ia ussy
< ! [ I & e [ = [ < <
voudalnluny vdurasuuuideluiFes dionsesudnuuginauviodulatoynsy
1TUNI1 LUALADINITAAR (extraction battery) LagdTolTunlan1zI1 S UULYIA (Shank
A & A A I3 Y va A § v Y ' 3
system) et siun 1au uwsad Jame Shanks) ¥138angudsisuldssuuiainainsausn

ot a.e. 1841 Tuniszlatfeunlsuaiun
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) nNUasuts
i

JUN 1.9 MIduRavangATIluuNTEUaaIUNNg [38]

1.2.9.1.2 NSULHUUBANTDY [38]

NsYELUUSANTas (filter-press leaching) tiuisnseslu

g <

nsdlvetudadvuinouniadnuniiunineglddouy 01aldisvelnugurosnairiiuiure sl
Turdesnseauuusanses dealdfunmsdeansazargeenainazney
1.2.9.1.3 fanu [38]

§19n7U (agitator vessel) gﬂaaﬂLLUULﬁaLLﬁlm%’aLﬁmmmi
winsen1snses Ae Msvzsiiaduazinifedesluuaveands vinldveunadluanuoyniald
liiviads Tnslemzifleaymeivunadndsdinmsussgndldnsmudiieudtyvidnas nisnau
oaltluniuviestaedevdnnainvedlva edeanisuenveaudsesnainnsvzazvinlag

weanIu Hevawdilinnasnou wadsuniaguuatnaisenduandluguil 1.10
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s
89U
uaz
FIRZATY

aasudeuay
Favnazang
- ]
P T SR -
o
-3
aadudia
A9avae ANTNEANE

(n) ()

anudauas
| Fvinazane

‘ f198zane

(A)

'
P

SUN 1.10 aNWaZaINIULUUAIN [38]

Y

(N) HINIULWIAT (V) SINIULUIUBU (A) HINIULUUTIVIYUY

1.2.9.2 ASLUIUMNSEADIULAIN [38]
NTEUIUNITADIULAIT (steady-state operation) 1unTEUIUAIS
wuUsalladlaeaaudaasiinazanswazansazanuainlvan ol e uAan19s1aius

nseenkuy MNaewmilslugindanis dnuarnsvewainsesaiandneglulsznni loun

1.29.2.1 faniu (Ussgndlduuusiowiiad) [38]
97U (agitated vessels) anunsaussanalduuusioiioting
Jounweuduazvosnaidigiiniuwasivasuvivassuasalsazaigannoenaindeeg 19

Y

Aolfios é’ﬂwmzﬂizmumsﬁisumsaeﬂuamusmﬁlﬁmLﬁ@hjﬁﬁuaqLL‘?Nazaﬂui'famu
1.2.9.2.2 gilnsn [38]
§9lnsn (thickeners) mugﬂﬁ 1.11 IfoanuuutitoLiiy
Snsrdrureudsovesnaivesasuvivassdearlaefonisanasnou afilaaindslngn

sudunmneznaunazansazanela luvnnsdienslddslnsniSesseiudusynsunugui 1.12
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wazluvensdlonsliviarggunsalsududalnsnaiuguil 1.13 1w arsavagainniseluds

NIUNIDLATBIUARBLTINAIINTLNEN1TAURILTIDE 19 Bl

s
RS i

v o
Wy

maLAu aaagrsileu
(ke —
i ==
1 P omaluaeas yaluazas
’_Tfan'rfﬁﬂa asden  Fuwdnnda
dalal B
Linain Meaanues

Famariu

v . v
HUBIATUTN

U7 1.11 falnsn [38]

AYNATANE
=3
rasudeilau ‘F_C.T_
lanadla ‘-——'-‘1*
- - 4
LATRINIUNTALA r—-~'r i 3 i
’ 2  §
L NNl
‘ Aunasina
B —Y o
A5RZANE l aslnan
LN

AuasInag

JUT 1.12 gadslnsneanuuunsinnulisestedulueynsy [38]

9 9
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luunansdl 819iinsldaunsalanegsiuiu Wy a1sagaieannsrEludenIunselAIaIun

a1agnUeuingialnsnegresieliles

B AAvnaTane
'n'aou.'uqf]'au ADIUNRIANIATRINGD
-
o Tanasdiva .
LATAIUA NINABILLAS
4 _
a LAZRINGAY
15ATAE ‘ T
o sl aupadina
Ny i v
fanau .
falnsn
AuLAasing

U 1.13 nstdadlnsnuazgunsaidugsiudu [38]

1.29.23 lalmpaui [38]
ynUszasananvadlalaauu (hydro cyclones) wilaunen
auNIAYBILTIBaNIINVa Rl Ingvasnautauluarululelaauainduvesisazanas

Y ' = - o 1 v Qll
@quanLuaﬂf\]qﬂquUﬂLLagsﬂﬁNLﬁa'ﬂfﬂ,ﬂaau@@ﬂmquuumqﬂgﬂm 1.14

Tawadlala

dstlau

>a

Aunasing l
k
wiaatu

sUt 1.14 lelaauih [38)
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1.2.9.2.4 A599974UN [38]
al ° - vad o P! A
WA38991wUN (classifiers) anwUUlPENULREY TlUunIALND
mwmmLLsﬁwuﬁmﬁmmna’m%uuumumqﬁ’*usuaqmmﬁlwamﬂﬁuﬁmmﬂﬁmuumgj

AUANANUTUR 1.15

U7 1.15 1A3esduun [38]

12925 Ussanesesanaiuaniie [38]

mé‘mﬁ%ﬁﬁﬁwﬁuaémﬂﬁauaﬁﬂé’wﬁaﬁﬁazmaéum% A5
WsHUAANYNaUNITARRDINTEIMIZIWEDN N1SHuAILSau YSanIsuATuLeNUTuean U

=~ ) Yo o v A A = = & | a O v
saunilanay dnldmvinazatelawn wnwunsetUlnsideuuusn Jadudrunnaulalnacfses
Autanuwsazlideulanindivinazatelalasa1svauiiinassu 1ns1¢e1992L3 adununin
@ [ [ I3 a 1 % & @ (v & 1 4 v}
Ya9wdanasnisanawazsuie ldaunsalduszloviidunimisdnisala NssuIUNITann
ysfuanuaaiviaziSonansazatsans (UeNaNsEnIdIviazatsLaziniiy) 11 dawaan

v
v

(miscella) kaglsenNINVBILTII 1S Fadl
1.2.9.2.6 lslawa [38]
TsTawwa (Rotocel) Wlun3esiiofisaudauiainssuuna
Tnauusiagiuiioas LLasfw’wqu”LUw%fau6‘]f"TUmaw’uéffgﬁwazmaé’wuuwﬁwhmﬂq RN
Yousnnilasumus wazdinsauansazangannsEnINnsEUIUNTNUUITRAM ULl LU

938U HenyuATUTEUNINUBIIITYNUaaEDaNN AU 19NINTUT 1.16
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ATREANLANR \inauaule o
4 = NINU
peae
Ya3udstlay CRLEERRD
Sz
T AUANA
n3aan ﬁ
YAV
@ * —
AN py ==
r A19RZAE
SRz ANe FERINNTUANA

sU# 1.16 13edlsTaiwa (38]

1.2.9.2.7 AT99@AALUULALLUA [38]
\A3SENALUULAWLLR (Kennedy extractor) WuiaSesannil
q o W ! < & o < A o o =
finsdudaseninsveudaazvasnandutug lngveuwdaggnmaindunilalugdntunile

mglunaangs varideuivhaganganallvaaiunieiuniugi 1.17

AYINATANE

@
anqudetlay

ANUDILE

——— NANS NATRIVDILNAT

a [
fSRLAIEANE — fAn15uarRsUR IS

JUT 1.17 \nTesanauuuLAuLun [38]

1.2.9.2.8 asesanawuuluaduuu [38]
wsosainuuuluaduuy (Bollman extractor) Wuyangnin

i ) = A & - I3 Y = =
b1 INDBUNIUNUVUAIYNIU ‘ZNE]T‘GE]@’MLUULF]'SENIU&&LLILIULLU’NI\WY]&IE‘UV] 1.18 lngvaue?
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aenimeredeuiasfaggnugiieasavatvainidesiignauananiudadin vrasu
nzniusTpUosdsarazauniudwurluasazaeadiadudy daunznsmaiudieas
gnIgiedavaeuIgvsLUUNTELaa U tansaganainiiedsasanniudiudiy

wiesariauuuteenuuulieglunuiueulameituiunugui 1.19

favinAzane A9azaNgdNALaaaNg

v @
Ny
NINUBDILIN

Az 4

fenuld

A1TALAHANA
Nt

JUN 1.18 1ATesainuuuluaduuuwIIng [38]

Msayaedin
iy

JUT 1.19 insesainuuuluadiauiuigeu [38]
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1.2.10 agunmisaviaenals

1.2.10.1 Aneamuaziuinamsidsldusslovininnu
MnmMsnsdeulenasansaauliin msuslaanmunliiuenadouegseiilos
Hunaenuu uasduualiudutudosflunnduazdldfuaruienedwoieduouan
Msfmnuilyarngs fesdnsseninaUszimaguannudesmainniunlagians dawalsinnsld

wannwnLaznInnvdenslundasiuniauiuaaUsuawazauaaosluvusi

= va ¥ v

nnnunddnenmlunisusulseldaulunatednuvalasanslinuaudinunasnu sy

q
1%

U 1.20 meddeiielduselevilusnundsnuvasninniwd Sdudeseninduesnainnin

NuNaI83sanasIvinazaiy Lﬁaqmﬂﬁaﬁ’sﬁwﬁuuazmﬂﬂwLLWUi’mmﬂﬁﬁﬁuﬁyjaﬁh v Ty

a L3

n1snaaenIuealagnIsulinnInnILiieydunsd esdusznaulasndwelsauaznsaludu
dasyazdudinsasyiulaveude nsannuidussndigliiinnisudn luninusiaainiidu
1A%

Usvansnmastslvinsimundndanideanisudinisaiadanuaualugassugaans

ee

e

S o ay v ° a P v & ¢ Y] ' a
yuarindunleaiunsaunlunanlulafwals azdun1sAnyInsEuIunSannagndl

2,

£
=2

UINPIVY
l DSCG I
v l
Pelletizing Solvent Extraction
l [ |
Direct |scc; pelletl Coffee Oil DFSCG
combustion i l
Biodiesel production  Pelletizing Fermentation

[ Biodiesel | [ DFsca peltet | [ studge from digestion ] | Bio-ethanot |

Pelletizing

|

[ Sludge SCG pellet ]

SUM 1.20 wuanenssesieldusslovdninnunivndafiasun st undsnunawny

Y

(SCG fio spent coffee grounds, DSCG fe dried spent coffee grounds

way DFSCG Ao defatted spent coffee grounds)
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1.2.10.2 $wlsniuamanisana

21NN1395I98NA1TUIeNALIT0ImaENg B NUgIUN1Taia by

a o w d‘ !

U0 agudadunddyniinadeusuiadidiiuaianieds solid-liquid extraction 910NN

>

nuille 2 Yadendn Ao Suduwsnidudademenienmuasninniud leun vuineunianin

a A

nuvl AuTULazaeugn I vunTngAundnasiuiaduiauaslonadulasening

q
1%

nMnnukazivazats vhliagarsiifusenuilduntulduinty lusaeiinnudud
s lauaninsolunmsatmirsuanninnunduanas LLazU'%mmﬁwﬂuﬁasauagﬂu
nnaedivszana 15-20 wt.% Tuagivaneiusuazaniuiiugn suduiiaesie annzduaiy
nsazaneisuannInnurngsirhazats ansaulsdeseenidu 2 Ussiiu Fesuadud
1 fie MsAnUisenadlunisazane %qsﬁuagﬁuﬁwﬂumLLWLLazﬁaﬁﬂazmaimaﬁaﬁwazmEJ
Ussamiilsifanmdavdedanmdadi asnsoazaneidununldindy Wuseiiiatusewing
Tuanavesihdunazluanavesiviazareiduiuselelasiau uazdvazaisyssian
lelasasueuiifilaanauuulengs 1wy wniwu ansnsaldaiaidunulédfinidrhagans

%

yiadu uazdsuiudl 2 Ao euaansalunsundvesihifugivhazats dauegtuaia
uaneesssmuIuturesaeingnia Tnseunnazunsangedifinnadudugeluguinm
fifinnudududini Fsmafiniinadyhazaieseninnunazdislinisasanetduain
MnMLHEUaLiiuty way sedundsnuratifnduseninanssuiunsalin Wy n1suia
ool Matfinaufy MafinausuLsslunsmunay Jadedananazdieifiundany
f\]ﬁ‘lﬂﬂi%UULL@%Lﬁlllﬂ’J’]lla’]u’]iﬁﬂ,umiﬁﬁ@‘j’]ﬁumﬂﬂ’mﬂ’]LLWﬁﬁDﬁﬂasaﬂﬂﬁlﬂéJu anunsaasy
Yadeiifnasonsataidulflugud 1.21 dwdunsdnuluinerinusatod wwdunis
nagousuuslunsain Ussiuwazdnuisiiudsifienuddyvitedinnududnios naonau
ponuvunazaiuAssainduLuuiamsaldiuldaie suddinngiduruluniswda il

annsalUldnulussdvyueu wialuiugiulunisWaunssuvadalugnaivnssunium

3

'
aa v (Y

YRl nseanaMnsuTTan v IngRuAdeadsiusaly
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3uunala
vl iuENR

AULLANATD
ATULDHDU

narlunsdnn

Usunuanugu
Tuingdu

P - ;
AUNAFuAETEIN
AinazaeILALFAIgNaTany

ML GERRIGH]
N15azaL

WAMIUIAUTU
SEULARAR
L oAMNGUNSY | e e a
: AMUAUTIFNR

O lunswan

SnInau
fvinazaty ignazany

miLﬁmﬁ«ﬁmmiﬂTmana
Uniuasdinvitazany
(Wusrldlngiu )

&
AnTwdinuay
finirazany

#iimadvinazany

dnafuaunia
YUIALEN
AaagTauly
NSNIUKEN

5UN 1.21 Yadeiiinasieusunamalavesinduaria
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UsZAA

1.3.1

1% (%

A = o Aa ] v o w 4 A Y aa o
LWBANWIAILUSNUNANBNTZUIUNITANAUINUIINAINALNLEDVIIAIBITENA
LL‘UUGU'P]QLL%Q-GUEQLVTa'JLL'UUﬂg

P o = v 3w a &
LWBAT1ATBIANAUINUINNNINALNLNR DN

1.3.2

YBULVAIIUIYY

1.4.1 AnwdiudsdassNdmasnousunanalaainn1sanmunaiunIwl Wy Useinnued
A71aLaNY DNIIEIUAIVALANYABNLINUITUIANINALNLIAL LAY LIANEANR
143

1.4.2  28NhUULALASI9SEUUANAUNITUINNAINNILNAI8FIVNazAeNFUITOENA
Prsiununlansias 150 Nadans

1.43  szuvaiaiduannInnnaunsanduiiswendvinazatenduaule

1.4.4  AnwnaldranSuisendsaunltlunssuiung

Uszlavinaininazlasu

1.5.1

1.5.2

ANUNTONIIVAINEIUNANKNEN T U TINTINUA FioTngRuLasNasUNlY
Weidudeyaiugulumsinssinuessgenans
a1unsatddeyadnnuidesesaneivanganlunisaiaindfuiagnannis
a v go’ CY v Y PN A ‘:
panuuutAsasainu1fuannInnnUsulddunInnILn Mmaenean

nszuuMskUTUNUvadlssnuvalng Fdinnnnludsuainle
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2.1 nsanauisiu

1%
o w

ANSanm (extraction) A® NSWENAITNABINITODNANNVDINAN F1NSUNITANAUN

Huwazlviudnilasianzudy sslinssuiumsnieuldludagdu fsil

21.1  MSLaen

a o

n1543e1 (rendering) un1stiauseuiuingauaurhlmlusiuluniawa

9

loduudadeguaulianunsadniuindulile nsidead 3 35fe n1sideaudia (dry rendering)
Tngnsliauseuiisseg1aferianuauussennid n1sildenlen (wet rendering) lagld
NiAusauazil 1wy nsadnindueenanualIau Lazn1sidengey (digestive rendering)

AangNIsIelen wadnisidasaiivseteulaiusenausie [43] [44]

2.1.2  MSAUNSINISOn

[ [

N159U (pressing) #30n139A (expelling) Inatagasdudanisnaldiuingaiu

q

¥ 4
& ° ' [

PTAIAMUTUAINT 10 wt.% hazazdesiurdudussnusenaulurilouninnin 25 wt.%

a9 nTudnnosnaindulRdsanusnanaenauwalwentingdueen Wi N1sAvtnduUIauann

NaUNAY HAaNENDn way g3 [43] [44]

2.1.3 nsananiesiyinazaie

A1sanAnIgf1vinarane (solvent extraction) A® ASLUIUNITHE N

'
=1 v o

(separation) lngldvounaidnvliandaduiiiavats avarwansnsesnisueningliazaiy

o ) Qddy LA YINY) a d'd a goj U r'; 1 1 q.'/ = <
panutuiviazaty 3larldiuingaundusunaidudindl 25% W dandes wasiie
<@ ] < 2 LY} o d' % % ) %’ v dy [ a 2 LY
winyy Wudu leedvhazareildazdesaiunsavhasarsifuluiieingdivla Jagduiley

Ifenwunayingdu [38] [43] [44]
2.1.3.1  UseAnnisanaeigiivinazane

wlanuanugvesiiiaraeaziignavaiela Ao
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Y v o

2.13.1.1  asiduianazansuasivinazaneaniugeaman

Y
v
o

nsdiianslusignazaneuazivinasaleanurvotnar
(liquid-liquid extraction) U n13adn penicillin eonwaIINNITMNlAe butanol N15ann
oxygenated terpenoids 310 citrus essential oils Tagldientueaidusivinazaie liquid—

liquid extraction %38 partitioning @3ldlugnamnssuewazmalulagdinin [38]

2.1.3.1.2  anidudgnazasanuzvesdsiinasaeaougeaan
lunsdlarsidusignazatseganiuzvoiudauasiani

azagagluaniuguaamal (solid-liquid extraction) i nsadaunisanieuiiulagldun
< v o [ Y a v 3 o o
Jusvhazate mMsadaasniwnainmeannaiualuniswin soluble coffee nisaimingiug
aunsasusgmuldanuiaiiviesivhazaiedunsd msadnansiusfuaindundes lu

[

NILUIUNITHER isolated soybean protein Wudu §938aiauuu solid-liquid extraction

¥
= U

Y v 4‘ . =) . d‘d J [
91939niulude leaching 3o elution nalnfidnadenisaniaduiuanuasalunIsunsn
Fuvasihavarodluluveswdifesnisain amnuansaazanelivendns e Nfesnis
afin N1sunsvesansnfeInIsazaleaniiloveiudseangiifvinazalenisuenlneduiu

AULANANNVDIAMUAUMLUUIIY LAZAITNIUNE

2132 nalniilidvsnasiensarany
Usgnausiy 2 diu Ae nsiindiseimianil lngluianaves

ansavaneasiuszszmluanafluanasignazatsesnunateduansusenaulmingn

[y

uABUL RN Beo1a lunsiigaseninstaluiivihazatedan mdavseiinanuss
-dl o =" v 1 = d‘ 1 = A

Wenniuselalasiau uwilAesniusdamiersenitesaenluluanauin Bndsenisfe
BNIINITENTIINUIIUNLANUTUTUINNIUTIUSNURTANUINTUL DY TASDATINITEN TOL

LRUINTULL DL NS NIUHEL

2.1.32.1 manauisemiaad
nsdin1siiniuselaviaud (AnanesnaudIuIu 2 aznay

145 8AnTousIuTY) mﬂﬁLﬁﬂmaw;ji"mﬁuﬁzLﬂﬁauﬁaéﬁaﬂmwwdw 2 9¥MBN WULAAIDY

Y

LIIAIAAIINDTABNIY 2 TAWYINAY LazhsIReBla AnTauYeIsInTisandt BaNMsuNIALA

(electronegativity) azilinunyusetestusgiuinuiudszqluiliadea uazszegseninag

Aa o

auddidnaseunuiiuniea sianddwiudszqluiiedeanin uidszezszninwiaud

'
= 1 1 aa o

didnaseuiuiuedvanisiudes azdiaaddannsiun@ifgeninsinifidiuiulszyly

Y 9

TPReaToY WATISEULIENINAILAURDLANATOUAUTILARYATIALNNN wazdRus AN

[ |

LARANNDLABUNLAIAIBLANINTIUNIAIALYIN AU wEszqmmwiazazmuﬁa@Lﬁﬂmauﬁji'gm
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szt luanaiauauunng Seniusslaniauiinuuyil

1 WusElAnauA T way

I a & [

o s a Aa aaa 1 A 1 a g aaa
‘Vi']ﬂ'W‘UﬁziﬂL'JLau@]Lﬂfﬂ"ﬂ']ﬂagfﬂalﬁ/mﬂ']@LaﬂimiLUﬂqm'ﬂCﬂmqﬂ U GSWGNV}NﬂWaLaﬂI‘WiLUﬂWWUW

¥
2 a c

11NN71 Awhedlanasaugsmiussidtnaditues evneutiazwanssnnalninduau was
A1 a g aad VY 1 =% a & 1 1Y & o
avnaUTLABENINTIUNMIATeNIgNABIaNATaUgT IS LU BYnauTlazuantg g
Tnifuan sseniuselanaudviinildn fWusslaaualitn afusdamieissninduana
lavaudluluanailndiu
a =< N ! = o o w
a1nnyiadusiganilersenitduana Jusued1aun
wntutosfe aouzvends veaval way Mg wazUssnvvessdamieiseninaluana
Tavaaud wualdeall Ao wssaoumau (London force) Wuusidamiessninsluana 8n
a (Y4 ! a f:’f{ v ISP a é{ =<
willgnfiumeusageus Hadulua1snily wazaslAniud unuanalianavesans wsemge

58131997 (dipole-dipole force) Ao w39AIANIINAITULTDINIAINUTINTETINTENTINY

(%
(. 1%

Fruanfutrauvestuanadill usslaniaudiitn uagiiean Wuselalasiau (hydrogen
bond, H-bond) Ae ussAsgasEmItsluanaiinanlalasiauesnenaitsiusslaniaud A
avmouiiflendid Wsiummifgaquaziivuiaén lown fluorine (F), oxygen (O) wag nitrogen
(N) wénAnstusglaniaudiitaeinianindausann ﬁhﬁtﬁmmnﬁuazﬁLﬁmﬁuﬁﬁLﬁﬂmsau@

aad 1

Twiuszaggnanduilndesneuvessiniifidndianinsunmifas 11nnIMIwnueEReNDS

Y

I a LY =3 I

lelasiauun warezmnouveisInfia18ianivsiun1Aifgs Juldidnnsouglaniey Faia

Aegaiuseninedidnasauglaaneiiuezaeuveslalasiaudadiduialnfiuingvesdn

A
falal o

Tuananils MliAaduiuselalasiau welluananduanslaniaudiiits azamisnda
wileafuldfdsussaounoutuusafigasenineda wogBonuss 2 useuiud wswuees
1ad dnluanalifianniadatuifunuluazensulunimaaeuazasiausdanie)
nuszlalasiaulasnd
2.1.32.2 MSUNS

nsuws (diffusion) AonsiAdeuiiveseyninansanuiiim
Afmumuntugslugunaifianummuiuresasi lagedondnuaativesansies
namAeasFgnarasazunsluSsiiuiivesansaransfedaududusiindy dwsunsding
afAuuy solid-liquid extraction N1smunantefialenalsidvharaeunsniiuwasduda
U ”'Jgﬂazmaléfﬁ%u wazdmiunsiiugamailunisatn nmsfiunuiy vienisniunas
Pefiundsnuradlieyniavesmamuiiareymavesiduluninniu uazgumniadu

~ o § v ) ] o | a o a a laa X
NN@WWI%W}WQJWU@WW@Q Vl\‘iﬂll@usﬁ'g8?31\‘1LaﬁmiﬂﬂizﬁWﬁﬂ’]WIUﬂqiLLWi@ENGU‘U
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2.2 N15NF9ININATLN

nn3nseq (filtration) A NTEUIUNTUEN (separation) Beaniladneglunisuenns

<

na wWiskenaunInvewdefiliazaly Jwviuassedluaisararevissenaindiuiniu

' £%
aAa v

vounad Inglivemauninidiuresnaiuazvewdsiiliaraty lnanuiannsodediawing
Undnnineun1aveduds Faannsawenveavaiiiiuiannsed (filtrate) wareun1AvoILds
ANANUNTAANTDY (residue) BONINAY N1sHITIIFENTENsEUIUNSULENTIIMINzalng

drulngjazfiansanainvuineyniadudfy Fiauduiussznindsnisuazauineynia

uamaldissgud 2.1 [45)

22.1  ANUawLdYn

mnuanden (fineness) [uauivisilddmivianifidnvaniune vie
fouvunadn Tnsruazideagnituunuazidioufisurnanudnvaeisnsmaaey d9van
wiazUszianiaziislunimegeu Wisuifiey wazinAiauazdenawanaeiu N5
yunmnuazidealiannsaimuaduiuuiemziazasld Wesaneyaavesianiaeinly
azdsznaufgayniavats gy drusnnfouldnisseusionszings (sieve analysis) Liie
Aruavuin Llugivesauaziden wie n19nszateAIINazLBen (particle size
distribution) TU1ATBsEYNTA TUUINLNNINTEIBAIMAZLEEN anunsouteendy 3 wan
v 9 fie suniAvuInlngnitvwInnoaaesd (non-colloidal size) A oynATiTvuALAY
rugudnandlvginin 0.2 lailasiuns eynnvnneaases (colloidal size) Ao aunATian
11 0.2 lalasuns auds 0.001 lulaswns wag ayniArwialiiana (molecules) Ao aynA
AfyuraLdnnd 0.001 laulasiuns 85 0.0001 lulasiuns wazeyniafidvuiadnndi 0.0001

TulAsuns 138n31 amay (atom) [46]
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LITIT 1 G = i R @ 2B B2 1 LI LITIIT T o e BT e | LT TIIT
| a8 1ATnsns NN
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Fdssnannsund
hevlata ]
L ITITIT l L LT TIITT I E R E
szq H—
n’nuﬁnkwﬂﬂlﬁnm'
. g PR B 7 ];,
AnuAule
NTAYANY NIANAMERMIRTATE
- [ LTI
Surface activity |I — lll“FOAM & BUBBLE FRACTIONATION
manadsraiinn 1 | [ [[[[Il [ TTIT00 11
ﬂ ,]““ ,] 11 n"Tuml‘“lﬁqq?.; V}J]l‘{npﬂl kL LY L T
Peoin I - 1
MIANAZNOUALUMLN
0 5 1 1 I E G ) ER R B
millimeters 107 10° 10° 10™ - 10° 410* 10" 1
220U i 8 i
< »le Tuanalugj ple2umadinun | syneasidug | o eymaneny

JUN 2.1 NMSUUNATLUIUNTUENANVUIABYAIA [46]

222 MIUINTUIAAIYALUNTS
MIUENTUIAGIBAZUNTY (sieving techniques) umsuenvuIneIaLnIA
TnolsiTanasnsinugida (opening) Ain1sAIUANMIBYLIAYBINZUNTIIN FITAYBINZLATIT
\dniigaillifusglasinluiivungdnaiaueuszuna 37 lulaswns uagsemalulad

a,

monolithic electrodepositon Tulagduatuisavitnzunsalanefigadnvindy 2
Lulasins IngvuinauasBenueansunsaveseynIeAINRT0InELnSe (mesh size) N3
wensenzwnss dedldegnawnsnanslugnamnssy Weanduidinie nmshnulidudeu

kaEIIANgN [47]

223 llasHawmsdu

nszuaunshulasilawmsdu (microfiltration, MF) [46] 1lunszuiunisild

Wowruduaseit lunsuenansavareiififgnasareilusuninawinén rouaess diladu
= U dl I 1 L d‘

wseansuvIuasy tnsauduiltlunisleuarsavargegluyie 1-5 mnuduusseInia Lge
winlilasiawmsdu dvuagngusendng 0.1-10 lulaswns sgnavaneildueniedsidune
Wieuiuimtnluanasaus 300,000 Juld nildduiantounululasiawmstunlasuanuiey
Ao Yaqusdin Weosnwsfinduaisiuszudauss dganuidfy Ae nugungligs

aunsalduivaisazatefligungiige Mldfvenamnssueimsidesniseniianie
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gaunniige nusadinaaiiluasiedl nuseanin nIn-Ae @1unsaldivinazareviaiy

9 Y

a6 a

avonlavianeyila Nuion1sgNYINAIEMIEaUN3E IA1NUNUN1NAEY wazengn1sldeuy
v vV [

3-5 U uidsiidedninnsaunadowieuiuiagindwesuszanas 10 w1 wasudausiuszly

NULSINTZLNN [46]

2.3 AFnsNURINaUAUDY

)

Fn1siuRaneuauss (response surface methodology, RSM) LUu35n1591

Amaansuazatanduusslovilunsies el mTsaninanouauesaIniLusange

& A b

Tneiiinguszasdiiioairsguuuuaumsineauduiusiiengavidem iz ausona
Hu gy Aanuadiulsdass X, uay X, fdinanednlsniy Y aiu1snadng
Auduiusldnuannisi 2.1) dnldfsddusuulndludioa (polynomial) drdunds (first-
order) #39810U@84 (second-order) LAAINANITNDUAUDILAZLANYAIZAIN 3 ARV

HARBUALBILATISINNUHIGIFUN 2.2

Y= f(xi,x2)+¢ (2.1)

Tne9 Y @9 USununala x; Ao AanUsdassh 1 xo Ao eanlsdaseh 2 way € As AN

ANUAANALAGRUTLAAYUTUNNSALNRAY Y

23.1  A8NTODNUUUNITNARDY

N199RNLUUNIINAABY (design of experiment, DOE) Turaednwuy 819
FosAnwinszurunisiifianuduiusidadulés (quadratic relationship) 1wy Tunsdinaves
nsrUILASTIUTENOUfsatefiwls n1siuvseanaduuslasiulswil naneuaues
Tnesuoaiansudsusladdifudunse willdnvasdudulds mseenuwuunisneaeuli
aseUAgNFLUsaInsaltinadla full factorial design (FFD) Tun1seenuuy dslieurfivua
WU 3* factorial Fan1sAnwINATIANINFILUTIIN 3 FauUs 4 FauUs 5 Fauds S8uaums
naaewinfu 33 3¢ 3° u3e 27 N15VAEY 81 N1SVIAABY Wag 243 N15NAaeY LDufu 39
Tngilnimaassduinnliminganlunugaamnssy vienudideddinan ninens

wazaunu Tun15neaes 39UN1IAMLINITOBAKUY central composite design (CCD) A1

WugUwUY FFD Fuiitoundaymisanany
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NNSNAABILUUEIUUTZENNATN central composite design, CCD (W39 box-

wilson design) nsaldun1snaadl 3 seau (Wnudwlsaieal coded level winfu -1, 0,

+1) A9 zUSUALUsdeIn1sAnw lUfLUSas 3 A1 wakNUNIzUSUAILUSHUU full
. . = . [ A Ao & P VY =

combination %58 full factorial NAULARNUNANIILAITNAADINANULU Lwaslﬁlmazgammwa

FENITASIUUINABINNEDA 1ag model NEAaLTIAIdinig main effect, interaction wag

quadratic terms Ingldningnsliuinauiuly Inefegrs CCD AAnwIRILUS 3 @2 Tuns

peNLUU DOE agUsenauniy 3 @i e factorial points Aen13in 2-level a0 FFD wudu

'
a

druniaveanisnaaes daunimun axial points iunisusuasuustasuuswilsluvaed
fuslsiAnduysaunsfiegfidinans (3o coded level Wiy 0) ua center points (u
MsUSumvesiLUIYFLUsTiAINas (MFern coded level winfu 0) [48]

Jlefia1san factorial points k& axial points mmmﬁmumgﬂm‘umi
finsaulddsd (muguil 2.3) wuudl 1 A face centered Wumsimusliganisvaaesuy
axial points aguu%auﬁﬁﬂﬁ]’m factorial points 58U center points 13RS TULAAZA?
wsagiindy 3 sedu awnsaandraumnasadldiilesniiganisaassildsamiu wu
7l 2 Ao inscribed Wun1sfiansannisnaaewinsanAnatsvi fuimun Seesiladnnis
naapsiilinaldgegarosoglutiuny axial points fifiuusil n1sfionsuluusassuusay
Wity 5 sedU wag wuudl 3 fe circumscribed dnwaEAd1BLUY inscribed Fedpeuiladn
mMsnaassilvinaligeandeter seming factorial points -1 73 +1 yAfuUs MRty
WiazAUsINAY 5 52AU snalog1agie Tunstin1snaassusznaumiy 2 Aulsdasy
IIUIUNIINAABIN factorial points Ao (-1,-1), (+1,-1), (-1,41), (+1,+1) wag axial points
fio (-a, 0), (+a, 0), (0, -a1), (0, +a1) WarAINA"S (center point) Ae9a (0,0) WleRasaiusiay
wnumnAaesazly 5 sERUAD (o, -1, 0, +1, +a ) MUSIFU Hal alpha (o) Ao Aszezan

axial point TU83 center point @asanIAALNzZa@NINAUNTN (2.2)

a=42" (2.2)

lng#l ¢ Aa YauuLny k A SuIumLUsBasy
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Response surface plot

[

JUN 2.2 dnwazniiiuineuaues

i faulasann [49]

AT

CCF

gﬂﬁ 2.3 NN199BNLUUNIINAGBY central composite design

i waudasann [50]

2.4  N1SNAU

.
£ =

nsndu uBnmsvhanslivians dsendennaunnsinsvesnnudulevesasluves
way Weveunarldsundanuanufouszduaziiiouluiananazinatsussiagaszning
Tuanansgisnaneidule Weaudulevesvan whiuaruduusssinmmiioveanariy
woRl veamalaziiien yaiienvesvaamadlag Iudugamapifivesmauazlesgluanioy
auna lngUndnsingafenazinsloveamaniiausulewiiiu 1 usseina 3o 760 nes
(1 torr = 1 mm Hg) yaiontaFeninqaienund @svhmsneassnymienesaslud

= v o ! LY a P [ ° 14 d’
UAIUAUAININANUAUUITIINIAUNA ﬂﬂLﬂ@ﬂ%@\‘iﬁTﬁﬂﬁ]%ﬁﬂa\‘iﬂ'Jﬂ) SUN 2.4 9nantugle

Y
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VRIAINAY LilBaunilanas YauraINigaRennINIIAENAULENAIRENNINeY FelagUnd
v aa 2 ° | & cz ' P & ' ) <
LaeamaIndyasendininaseanatelulensy wamenlatuaivwiunduuluves
wiadlraadlunivusdnlunds Fansuenludnuaeilazldasidauusgnsaminaiien
1 a a 1 'y} 1 a ° I3 <@ =3 v |
Y99ANSLAAZINATANULANANAULIN (LANAILAYN 100°C) N1SLAVVBLMAINALLAULIAULS
azALARAYRIYRLUAILAarAIluraInal Felunuidellaglinisnduedisdeiiionsansyvin

AYANYDONINNVBINAUTEMINIAITNAazAI8wazUNTUN LN watnauunboluy [51]

Sapure presure

i mm Hg)
760
bp. at atmosphere
(760 mm Hg)
100 b.p. at 100
(mm Hg)

Temperature (OC)

JUN 2.4 AuduiusseninagaiienueasiuauauuTseIne [51]

241  Yadvifinaregaionvososivan

WiFonvesovaIUIandlas dansiawizifiausuamis Inedady
flitansilgaiionunfisnafude ussiegasewinduiana (intermolecular force) dafinann
NABENINILUNFAR (electronegativity) Tas519adUsznou twiinlanana (molecular
mass, MM) 3u1alaz3Us19909luana (size and shape) W5aAeaATENINalulanaLUInIy
anwagnsiiaLsslananeyiin laun wssasunsu (London force or dispersion force) W39
Wt (debye force or dipole-induce dipole force) LL'ﬁ\‘iﬁﬂ@mwiN%’J (dipole-dipole
force) 4 3 ¥liaTIFeNT UsWAABFIAE (van der Waals force) wazgniinefie usailiin
nituszlalasiau (hydrogen bond) euseudazudinfivunisiuuazdmalnosaliin

IS A 1 1 1

\AoAYeIANTANiY WU a1siiTadigaiengeninansliitinselusaiunesnadiiaige ng

9 Y

o
v A

astalasaniveu (CH,) Inegluussinvlifivnfiusafaganuuusiaounauiieog 19 heIedl
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1 I

adenarlaefluanavuaindy @dwauaisueutosndn) wzliyaifieniinnit waznsdl

v
aa ! o

nsnlelaswigaasn (hydrofluoric acid, HF) NiemeudABianinsiun @isgandau (H,0) ud
a'
7

1%

YUARN 2 WUGLHD

v

)~ = A o i = o a 1Y) !
f UN@@ILW@@‘WWWﬂ?W Lu@ﬂﬂ']ﬂWUﬁSl@IiLQULﬂﬂ 1 W‘Uﬁgmﬁﬂlﬂaqa 1‘1.4%&!3

TuanadalaesanriliAnuseBaigendn [Wudu

242 ANSNAUBYNNY

n13nNaueg1de [51] Wunisndaungldgausudnd (1 ussennia) lnewile

NAUYRANAIUIES levasvaamarvziuludsimusiunaraiduveamal aamglisening

=Y

N13NAUVBLNAIUTENTITAAADALIET (JUT 2.5 918) WanduvauvainaufiiynLien

| o

aanuldinnidn gaumalidnling uwidindunaennisnauiiiosnesdusenauredlefindy

dndiuvesans A uag B dnsidsundaimasnnisnau (SUN 2.5 nang) lienauvedvainay

aosvilafifigapiansneiuunn (U 2.5 971) 9uniagaiiNgaionvesueinalfiand N3

q
[

LENALANTY WanduvesraINay a3rUseneuradlaiaunaiuaisazaleisouazuaning
UM 2.6 Fuduunudesigaranansauduiussznindlevedveunaivedssuudaes

drudsenaudes (A + B) lay tA Uag tB ARYALABATDIENT A UaE @15 B AUEIAU

- £ B
AUIGND ARz B annil
J

1381 1381 1381

Fled]
2
=

]
=3

JUT 2.5 NOAnT s 3 WUUTeun)IveNaULUUSTINAT [51]



a2

|
=
|
é |
- E |
T = |
= g ABILHE |
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Al senaUToya:

gﬂﬁ 2.6 Wialnegunsuves vapor-liquid vesvesvan 2 vllanaunu [51]

1N5UN 2.6 veuunaIndesAUsEnay W (30% A, 70 % B) gnliiAinusouaulsy

]
a =

suenanedulofigamadl t i X uazaznaedulevimunidogungigatu doangamgd
as leaziSunduiilavans B fgaiionginit azndudnludnsfiunnnitounsziafisga v 9
gl t ey a1sUszneuaziiosduszneu Z (70% A wag 30% B) dewnnil a1sazans
Ueusziandshianansonenanswanldogisanysallasnisndunuusssun uideddnnsndu
wuuadudniousnansifinuianiaudesnis egnalsinunsuwenveaailagisnau
wuussauaTlildansAeudieuaniannsavinld 2 nedl nsdiusnilegaifonvosans A uas B
uanssAuAsudnsnn (Uszana 100°0) nsdliiaeailonns A fians B Uusgidntien (Uszana

fovay 10) uarlduanaasesilondusgraielilugui 2.7
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thermometer

cooling water out

cooling water in

still head

still pot

source of heat

distillate/receiving flask

JUN 2.7 in3esilanisnauegnediy [49]
2.5 MTAATIAAININATEgAERTIUDIAU

AUYUATTNENTINVITOAUUTIM (total cost, TC) WUIMNUENYENISHANANITALUS
a0nle 2 Uszinn Ao funuasn (fixed cost, FO) Wudunuiliwdsiuluaudsunanisudn
wiinagndnunusetios wielindnay ATndudedialddnedssianil wu Anesesarin A

foas1alseu nusznvAe dunuwdsiu (variable cost, VO) Wuduyuilnysdunud3ua

[ a

Puumsudn wazlifaldiemnlidngs wu Awsanu il dansedgadelunisuds

o
1d v (Y

Jusu Neaesdszinmsiuiuieninauyusiy (total cost, TC) uanemuaunisin (2.3) dmsu

aunuiduainanninnndentien1suds (quantity, Q) MdeIINNITANY HINTUIAIN

9

AunNuUWUIHUREY (average variable cost, AVC) Hmnuduiuseuaunisi (2.4)



TC=TFC+TVC (2.3)
wc
AVC =—— (2.49)
Q

Tnefl TC fo AUNUTIU (total cost) TFC fg éfmqumﬁim (total fixed cost) TVC @g

U

FunuuUsHuTI (total variable cost) AVC @e Funuuwusiulade (total variable cost)

waz Q Ao Usuawands (quantity)
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n1seanuuUaUnIaluazdISaliun1Tide

AsAbunTITeUsenaume 2 @ esludrunsnidunisneaasvan s Mmunzay

Tumsadmihdununlussduiesdjifinig antuihelalugniseeniuuiniesainuigdy

wafnuaneimngailunisanameiasesainiuunuu

3.1 gunsaluazansad

[

3.1.1  Jngiu ansedl wazgunsallunisaimingu

o

3.1.1.1 Ingau
nnNUNEeRuge1sEinmMArINNTBAIe TS amsaly
3.1.1.2  arsedlldlunszuiunisane
3.1.1.2.1  L@nuLNIALTaNIaN1IA1 (29.7 wt.% commercial grade of
hexane)
3.1.1.22 18n1ueaUs1A1Int1NTALTINIINITAT (99.9 w9
commercial grade of anhydrous ethanol)
3.1.1.23  L@y1uealnIalgenIen1sA (95 vol.% commercial grade of
hydrous ethanol)
3.1.1.2.4  UMUOALNTALTINIINITAT (99.9 vol.% commercial grade of

methanol)
3.1.1.3  arsedlldlunszuiunsinsigi
3.1.1.3.1 ladeulansenlys
3.1.1.3.2  lelglnsnuea

2.1.1.3.3  fueannau
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31.1.4  gunsaflunisadniigi
3.1.1.4.1 wngUvu
3.1.1.4.2 ATIwUM
31.1.43 Unnes
31144 wilvirnudeunuuiiniosniuseudvan

3.1.1.4.5 A5¥A¥ATEY Whatman U835 1 Andastden 11 um W. & R.

Balston Ltd. Genuine
3.1.1.4.6 waulnin

3.1.1.4.7 LASDITIRINGA NANYN 4 ANWVUY ANEaELREA 0.0001 N5Y

model: AL204 Mettler-Toledo

3.1.1.48 unuegiideuviased
3.2 nsasigiesalsenauluninnImrazdndunIwm

mimﬂ'ﬂmm%faugq (higher heating value, HHV) laglginafia calorific method
TuN19M$I980URI8LAT8Y IKA ® Calorimeter System C5000 control, Germany N13%1
Usinaunnsuau (O) lalasiau (H) lulmsiau (N) uazdamies (5) Tnoldiadesilodinsies CHNS-
O analyzer CE Instruments Flash EA 1112 Series, Thermo Quest, Italy N19%19U199UN"A
particle-size distribution (PSD) Tnefansnszanesiveseynalutdsduanawes de
Lﬂ%@d laser particle size analyzer, LS 230, Coulter, USA ATATIzvAAUunse (acid
value) titanaraanudunse (acd value, AV) #2875 American Oil Chemists’ Society
Official Method Cd 3a-63 n1331As1vsiUsziannsalufuludiiuain 1neld3s cas
chromatograph—flame ionization detector (GC-FID) 18 A3 gas chromatograph, HP
6850, Hewlett Packard, USA n1511U5u10ut01 (ash) 1ae3s AOAC 942.05 (gravimetric
method) éjaEJLﬂ%Iaﬂ Balance 4-digit, ME2358, Sertorius, Germany 1Usu Te@ns Imsiesi
1ne78 AOAC 984.13 (Kjeldahl method) Wag Fiber Analyzers (ANKOM200) @1@1au N9
1/1maaummu%qm%aaﬁaﬁwazaw&J Tnel43% GC-FID $a81A309 gas chromatograph, HP
6890, Agilent, USA
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3.3 Junaun1snaaatwuunsluszauviasufifing
TunaUNTANARARILAMULHLRIUIUN 3.1 TusulsndININNWEeNmAINTS
afimnunesnluldiumgisieamsalganluiwdmhenungnuiidnanuiuaien

(%
a £

oulwihilgaumgdl 105°C Wunan 24 dalus Imnnusluiaiteduingiuisiulunisade
fhefvhavateisuaniinInn it 10 nu wazdvhazate Usunamudnaiufioenuuy
(n5w) Tdasludninesvuin 600 wa. lauvsusimdanniuans (magnetic bar) wailan1vugale
LLE\ianﬁLﬁHNWaﬁJﬁLﬁaﬁj@QﬁUHﬁ%m&J MntunuraunInmurassviiazateneludae
LASDINTUNANGIBWINEN (magnetic stirrer) Tagldinatwazarussouiidmuanield
QMMQﬁﬁ@GLﬁ@Lﬁ%Q§Uﬂﬂiﬂ3umﬁMLLﬁﬁ LenNNALIUIIANUTUE8NNTB NS
N3¥A¥NT89 Whatman twes1 wivasluringuanyvun 250 ua. vouadlafiiiunszany
nspafeviagansUutunum (miscella) iingnszuiumsaavinefieusnivhazaigeon
mndfugiensnduegnsing suaﬂmma'auﬁmﬁaiummgﬂﬂjmjmwﬁamiﬂﬁu Aoty
nunlu3ans Fadmdnihdunuideieiessanuasbeanaion 4 dumiazsuiine
MeienwuannsruIumsnduiuansathuldusvhasarsgnendsldsndmsuns

anmAsadall
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Wet spent coffee ground (WSCG)

:

Drying process ----| Drying oven: 105°C, 24 hr

:

Dried spent coffee grounds (DSCG)

.

Solvent extraction process [ ---|- Ratio of DSCG to solvent
l - Extraction time

Mixture (coffee oil/solvent/DSCG)

DFSCG

Coffee oil with solvent

Most solvent Simple distillation

Coffee oil

JUN 3.1 dumeunisnaaasuungluseauviesUuians

331 MTINNLHNUNITNAADY

INMIATIIdeULENENS Anansassauigiudstladeiifinadonisad Tiun
Ussinndiazany dandunanszrindvinazaedevianhgmaninnuluislunisardn
wanlunisada anusuusalunisniukay eaumgil wazauiilunisaia lnglunisadausiag
Yaduidvdnadstuuariu fnaviliusinunalfveniduiiunndsiudsdadelunseuiuns
anmanansatihlugnsesnuuugunsalifielflussivguvundessiuanaivnssuniuaig

WU AN VIR UYULAZAINABIN TV TERUTILANANA Y
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dmiummaaeutadugangil uay ANGY PBNLUUMTATAALYIYE 3.3

[
[ a wa

TJunaunIInaastwuunzluszaureslUanis Ineiugunsaienainseuniuaugamgilly
TupaunTana lngaluaunsaiangunil 40-60°C uazannluvingusuntaaingiganens
Wisuiguivaumgiiussennie nudnisiiingamgiivilvdniazatglunssuiunisadia
I a [ [ 1 d' A, d' a 1
seignatelule aussduladawtuluyaneass Wolngnenaialn3eunvoINaunIu
N3¥AYNI8Y 92NALOTLMEVOUINIUTIUIUNINKIDONUIIINYIA WHIONTBALASILANATIVL
wde miscella wagurduniwnndainisgusenlulsuiadsuniinisannanwugfiednui

[y

gaumgiivies Fsvnfinnsannisesnuuuiaiesaiauazisnsvinnuiiedesiunsgaideain
M3z enafimnududeuldauenuariisiags TuvasdimafingamgiiFediwdnuuay
Aldd1eunszuuatn Snianisesnuuuynariniiaiuisanugumgiiuazusadugdliiaiig
Uaeafelunsldon sufufeseenuuulidedianuudusafindu gunsalyniudesiudada
yosimuaznuiauswiu fgUnsalszusussiumnifausadudiuiu duihlieiesatniismm
Tnesamgs Bniloasiafivarlfnuaiesfufmwluasdudunnedessuumadumela
yilvianuvasndelunislinuanas fanguainasiurinliastadogamniuazanudlunis

PAULATBIENAUITUIINNINA TN

332 msmaneiwnzadlunisane
Wemangluigauiga lunisannuiiuainninnwaeIsaianuy
solid-liquid extraction nsevilagladinalla RSM Lay LNUAITNAGBILUY central composite

a (3

design (CCD) $78lUN1TPDNUUULALILATIZANANITNAGADY INNITATIVEDULBNANTUALAIT

NPaeule9nunI1uIAILUINANNLE NS NaneUsuuNalavesltiu (oil vield) Ao 8991
drunausznitaninniwiuagainaratglunisaie uag vailunisada deeglusduuu

ANUFUNUSAIwERslUaNNIST (3.1) kazaun1sUsuanalavesisulawansluaunisa (3.2)
Y= fRRT) (3.1)

a9 Y fe YSunamaladnsiuniwnl R A onsidiuseninasyinazatgsenianuigulanin

AwLIAe kae T Ao syegnailunisans
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Weo
Y =—"x100% (3.2)
Whsca

lag?l Y fo Usunawalalasulavesdnsiuniun (wt.%) Weo fe waadnsiuniui (o) way

Whsce A9 1an1nn i (g)

N1588NLUULNUNIINAABILUU CCD nSalT 2 fudsdase nseenuuulsznaunie
5 seautlady Ae (-1.414, -1, 0, +1, +1.414) LLasam@uéﬂma%ﬂizﬁw%ﬂ 4 Msneaad wely
1UsUNTU essential experimental design 2.216 and essential regression 2.220 gAY
NNSVAABITIVLA 12 NSNARBT TIHINNSNA doUaRaLlBIfuaINsafUAAIYEUWANTS
vnaeuld Tnesmunlisnsiaiusaraneseniisomheinaninniunusis daus 5.1 §9 24.9
(g.6)) uay srezrailumsatinaaus 0.2 1 39.8 Ul FeEaNTALARNUATNAABITIEATIY

ANANUFINITUUTAVRIFILUTDATE Aanandlunsen 3.1

ANS19N 3.1 B19NSHUSANVDIFILUSDATY

SYAUVBIFILUSOETY

FuUsdase e

-1.414 -1 0 +1 +1.414
Sasndwiiazaedonds gl 5.1 8 5 22 24.9
NUILUIANINN TN LI
nalunsann UM 0.2 6 20 34 39.8

YpNAINUUNSU L FIvINaratemerdanulianuaiursalunisannuiusneny

AIUUANMENMUNZAUNTUAUAILUTDATEING 2 F9919LAMULANANNAY ALEINSUNISANEN
a o oA P a o o A oA

annzwnzaulunisanmiiesUssuiieusvinazaie 4 vie fe wnwu (hexane) WNUDA

UsrAanih (anhydrous ethanol) tavuea (hydrous ethanol) waziuniusa (methanol)

333 MIMURUUANNSYIUNgANLEITUS
n1sMgULUvaNNIsANUFNRUSsENImanavanasiuiwlsdasy lald
wiAtlA response surface methodology (RSM) An835n153LATI23ALL UL multiple regression

Tunsinseiguuy second-order model @siijunuuannisnildsiandluaunisi (3.3)
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k Kk k
V= Bot D BX F D PiXT DD PiXi X, (3.3)

j=1 =1 igj=1

Toed y fe nanevaues k fio Srunufuusdasy 4, B, B, uaz B; A9 Aasi duUsyansnal
Faulsdmils fauUsideaes uay MuUssan auaisu 5,
334 msafasdeiavhazaieiud,
mnfsandandsnulunisadaiiuainninniu nslindsnusuusnds
vhazanseenaniidudedindinuinndwarodunuiiinturuiy nslddviazarsuy
it (miscella) ﬁ?ﬂﬂiﬁﬁ@ﬁ’]ﬁumﬂmﬂmLLW‘Q@IWJ"‘Z’J;’H]uﬂ’izﬁﬂ miscella afntdueanain
nnmurandud wdvhnissussnlundaufierdaduuumeiisndudionhmsdns gy
iietheandunulunisadalaesin Jeeenuuunismaasuiuandeulefinuizanves
nszvumMsataluiesUftRnisnnidedl 3.3.3 lneduneunisnaaefu miscella 1livh
nsguldnievdsatnidunuaiiudivesudazseuatn aniuii miscella Aldanseu
ountvinisatagilagléninniurgalniluseudalulasaivauuuaninniunsde
miscella THlFpudnduidmun ududs miscella Tuusazsouldvinguruyusunm 100
N3y mﬂﬁ?uéjﬂdLaﬂLéuul,l,azmﬂizmmﬁwﬁuazaﬂu miscella YotusiazsaUNTATRT IR

azaneluseauesuuanis
3.4 M3anad1duaINNINALNAILLATIENALUUNYUIY

LALEAHUAINATEUIUNTANAUITUIINAINNUNAIYTEUUNYUIUAU FUN 3.2

Tnetunaulunsanaundun Ik LSUANNASEUNINNLNLIAILE MUGINEWNTINTDI (MU8LET 2)

v

Feagngludayuin muneay 1) lnelianuazden 25 lulaswes Javilinindlngjdsed
3ans

Tunzunsadianan [Waiedesatmindiulasfviazangazgniuandafuiviazansuian
(veay 11) Wludafu miscella (Mue1ae 5) mudnsdruiniazaeseniomemna
mnnuiindeulufivnzannmveassseduiosufjiRnisfeduasnad (e
19) nifuddosiiazansuiavsadunautumnnmunludemuu Usufiamemnd syl
AviagatglnasennianiuasasdimuiulagUdeyeanusiaudiuuuieieriinutae
(mneiay 4) waedatunguan (neas 3) insasaisumurmunaiiidinun :ndy

Undu Usufiemends wazldtudaiy (Jumuuiw) gu miscella anAudmyuiuligiaiu
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miscella (Munewav 5) Wawseuldaingluseusely Wasuninnuryalvdlaelasdmu

MULATENEINTUNTY (MUNELaY 2) niouningaiineen ldnzunsaazninniunyalvsiuasisy

v

nszUIUNITAfaguANEnAsY Mguilaunseiediinduniunazatgaglu miscella 11nne
wazlusauanvneusuianandnieau miscella nauadmyLILIdYAnTasazIBn

(uneia 6) Felauaziden 10 lulaswes wazduluinuliludeguladuly (aneay 7)

1 [
v o v o

nsguladiiazatvavldmnueuninauiansdy Munga 9) dundidaiisoutuuen
voaifegula (mneian 8) Fsussginlinniihfeudemanudoudng miscella melufgu
18 (muneiav 7) lusiely ledsinazatedioglu miscella l#§umnuioufazsziouas
muutulugandududviiazates (vungiay 10) anasgdaufudnihazatsuians unoiay
11) uazdhuimdeludsgulafothifununuiavi dreeandendifuds dwiussuussue
ANNTBU ﬁwazgﬂqumﬂﬁaﬁﬁzmstm%fau (eian 12) Fetinh neiae 13) Wngun
nduAudivinazans (newas 10) uaglvanduindafaninssuiennudou aneiay 12) lae
mzmumiﬁgwmmﬁawmaﬂ%ﬁuﬁaﬁwazmsﬁuﬂiéf WU LOVNURA KAy Wuea LUy
wesatmisfuuuumyuuilidnasehanfanauwnuaa 1uiagiuaies Ay
1119 ALETT Uag ANED WU 1.2 AT 1.5 1WaT kag 1.65 WnInuaau Usenaumie
STUUARALULMYLIY SUUaTAET SUUNTaY warszuundufudiazas Fauandlugud
3.3 yunadsadafivuinadiug 40 dns senuuuliiaenadestunanis@nuinuideulyd
winzanvesmsataisuluiesu R IﬂaLﬂ%iaaaﬁﬂﬁﬂuuwmmuﬁ anansoafinngy
16 142 % (153.51 faddns) 91nAnnual 1,200 nfu anansadiuninnunuisldannndy
YSunudananiuidesanusunudivinagaiy Lﬁaamﬂszwaﬁ'ﬂﬂfwﬂuuwmmuﬁmma} 40
Ans uimsaaUinadiiaratsenaaziliuTinamaldvesihduanadlduagldidounuy

iwsesainiukuuvyuIulunARuIn @
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12
13

14

iy

o
L

SUT 3.2 wufansruaunsadninduainninniurieieTesatuuumyL
(1 Mg aaNAVYWIN 2 A HIRELNTINTOsARALRAYLIAAINEELBEA 25 lulasuns 3 Ao
Huvmuau 4 flo saviuses 5 fo Safu miscella 6 Ao YansesazBonvuinaruazden
10 lulAsians 7 fo faguladalu 8 Ao duhdouduuon 9 Ao uvdsaudougulasai
avany 10 fio Yandufudvinazans 11 fie dafufviazaneudans 12 Ae fuhszue

AMUSOU 13 A YU way 14 As Yuaiswadl)
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JUN 3.3 anmasesainuiduainninnknigs Usinaniw 1,200 sy

(1 Aig deadavyuiu 2 fie Tunsuiu 3 Ao fnzuNTIALAURATLIAAINAELEYR 25
lulasiuns 4 Ao dunu miscella 5 fio gansesazidonvuinnuaziden 10 lulasiuns 6 fe
fgulatulu 7 fe duhFeutuuen 8 Ao yanduAudiazate 9 fie dududwhazane

s o [
U3V 10 Aa ARIUAY wag 11 fie Juansiadl)
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4.1  anznmunzaulun1sanauiiuatnnInnILw
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NansEnwIUSUNRalaunun A Lsaanabe il olkUsA19nsd@Iusinazane

1 = 1 14 Y ) ] U o a A
FONTNMUIBNIANINATLNLIAS Wag Latlunsana wWisuisusiazats 4 wiia Ae lenwu

(hexane) Lan1uaus1Aa1n11 (anhydrous ethanol) tan1uaa (hydrous ethanol) kag -

MuUda (methanol) NMelAN1TRBNLUUNITNARBIAEWATLA RSM Landlun1s1en 4.1

A1519% 4.1 mansanaudunuineasInlewaiia RSM

40U 9R1EIUAINaTAY

AOVUINUILLIANIN  N1TENG

LAty

Usunaealavasdnaiuninniw (wt.%)

Hexane Anhydrous Hydrous Methanol
AUINWIAS (g.g™) (min) ethanol ethanol
1 22.0 34.0 14.5700 12.9880 11.1277  8.1410
2 8.0 34.0 12.6580 11.3193 10.8025  4.4457
3 15.0 20.0 14.0237 12.3297 11.2660  6.4753
il 22.0 6.0 14.4017 11.8473 11.1230  7.0665
5 24.9 20.0 14.6323 12.8570 11.2040  6.5310
6 15.0 20.0 14.0283 12.3700 10.2660  6.3433
7 8.0 6.0 12.4070 10.4837 6.9047 4.0377
8 15.0 39.8 14.1125 12.6163 11.2660  4.3570
9 15.0 20.0 13.9887 12.2723 10.7830  6.2563
10 51 20.0 10.7623 9.3073 7.4247 2.9250
11 15.0 0.2 12.6600 9.7380 7.6667 6.6507
12 15.0 20.0 13.9773 12.2740 10.5970  6.1607

1NHANITNABBITIAU U lUTATIEN AI8TT RSM Liievnanneimugauianvas

nsafaLagmsUkuvaun siugaNudutusTEnIanauaues (Usunaraldindiugaan)

AOMILUTRATENYINNSANY (BNIIEIUFIVINaLA1URDNLNNUIINIANINALNLIAT kaE ATtU
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NTEnA) MAIHIUNTEUIUAT RSM @nansaasisaun1syinueauduiuslaneansluaunisi
(4.1) wavdmsuAduUszansiuuaaznal (B 09 fs) uag p-value vasiviazaty 4 vila e
wanglum15199 4.2 Wag AILATIENAULUTUSIU analysis of variance (ANOVA) faianslu

ANS5199 4.3

Y = Bo+ BT+ foR+ BsT° + BaTR+ BsR’ @.1)

Tae?l Y fs Usunuididunudiiauisoadala (wt.o%) R fs dnsidiusvinazaiunenils
niguranInNIus (gg) T Ao tiarlunisana (W) waz S fs Ae ArduUszans

AUNTVINUIBANUAUNUS

AN 4.2 AduUTEENSUAY p-value UBIENNSYINUIEANNEUNUS

Hexane Anhydrous ethanol Hydrous ethanol Methanol

value p-value value p-value  value p-value value p-value
ﬁO 8.130 0.000262  6.207 0.00307  -0.04543  0.972 0.853 0.707
ﬁl 0.06449 0.231 0.131 0.06835  0.327 0.00121 -0.000235 0.998
b 0.500 0.00452 0.423 0.02232  0.716 0.00173 0.538 0.05888
ﬁ3 -0.000981  0.295 -0.00222  0.07796  -0.00245  0.05072 -0.00102  0.578
ﬂ4 -0.000211  0.926 0.000778  0.778 -0.00993  0.00801 0.00170 0.713
b5 -0.01095  0.01856 -0.00984  0.05667 -0.01137  0.03030 -0.01202  0.135
R 0.927 0.903 0.951 0.819

adjusted 0-866 0.822 0.910 0.668
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Source SS MS Fo Fsioni DOF
For hexane

Regression 13.66 2.731 15.18 0.00237 5
Residual 1.079 0.180 - - 6
LOF Error 1.077 0.359 559.8274 0.000128 3
Pure Error 0.00192 0.000642 - - 3
Total 14.74 - - - 11
For anhydrous ethanol

Regression 14.95 2.990 11.14 0.00538 5
Residual 1.610 0.268 - - 6
LOF Error 1.603 0.534 239.5678 0.000454 3
Pure Error 0.00669 0.00223 - - 3
Total 16.56 - - - 11
For hydrous ethanol

Regression 29.02 5.803 23.26 0.000733 5
Residual 1.497 0.250 - - 6
LOF Error 0.974 0.325 1.8623 0.311 3
Pure Error 0.523 0.174 - - 3
Total 30.51 - - - 11
For methanol

Regression 20.24 4.048 5.424 0.03136 5
Residual a.4r7 0.746 - - 6
LOF Error 4.424 1.475 82.4973 0.00222 3
Pure Error 0.05362 0.01787 - - 3
Total 24.72 - - - 11

AMUINALAY9TEMINNAINNNITNARDINUANNITVINUIYANUEUNUSNAS 19U @11150

UJsziliuannan coefficient of determination (R?) (F93lA1581319 0 B9 1 leenin

ANAINANIT

AMMgaINMsYIugANLdTLSIAWnAuATlAINN1TIARRWNYR A1 A7 AviAINAY

1) uagen adjusted coefficient of determination (R?,seq) WAITIANGNABIVDIAT R Tu
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aaa o o v a N £ 4 - &
nsNTTIINAILUTAUTUNTRATUNANLINTY BINRAITUNIAT R Uae R gusted 9N
HAN1INAABIIEAIYIazaIaNg 4 Ussinndauantlilunisnei 4.2 anunsoaguibasduladn
aunsvhungaNduiusNasaulivnldulndimesiungiinssunisainisduyannass diu

L4

A1 probability value (p-value) Tunauduuszd@ns g, - fs wansdeszautodAgluusaznail

o w

LATNIAUNNINUATTAUAIULTBLY 95% WAUNTAT p-value 41nAT1 0.05 Aziioilidl
HudAgy

AOANNITIAYTIN FINIANITUIAINAITNN 4.2 N9 4 dun15970 4 USELANA9I

1 v o a

arawannsoaglliidandiudniasarsdoniamisinaninniuiiie Tuasdeuiuiw
ihifutatpanniian Turnefidudsnainadensatatiosnsertienananliimadiifsuys
nanfiteddydeaunisiisesuanudetiuminiy 95% aunsaavyiunisiiansandadean
msafale udlileiemaiIsuidisunsatamefiinazats 4 via Faladlevinsdanad
fudsiarlumsarn uwidusumiugnieslasnsisufisuiinadifurnnssunde
aumsiuanuduiusiuyanimeassaisiiteulvaniz vz angsaalunisain g
wuiUiinaiuiadalddalndidsstuduanddunisd 4.4 dmsunalineiiana
ihifuflafalddewmaia RSM wuin ansoatnidfunudlduiinanald fo 14.75 wio
13.24 wt.% 11.42 wt.% way 7.24 wt.% f28@1%18a18 hexane, anhydrous ethanol,
hydrous ethanol waz methanol muady uaslduanmanisiaseiosiusynouvosniniu
muluaedt 4.4 warlduanans i contour vesUmmLugegn (wt.%) fiddnsidaush
vhavargsendemitgananinnuniie uag narlunsadalidauanagud 4.1 Jenanis
naagsuandlimsruinislieneuduiviararsauisaatmiitunuldvimagedian
mmmwﬁmmzamﬁm%’u@hﬁwa3mmwiazﬂizmwLLaszﬂuﬁlé’ﬁ@mmwﬁ fUTuo
lasnAialsn (triglyceride) ge uazilnsaludiudasy (free fatty acid) ﬁ’wmmzﬁumaﬂ%’uﬂgﬂ

< = v Ao o = [ i 1 & v o
Aaunmdululedigald luvugidihavarsduqdnedlunguueansseddaduiinazaiy

'
=Y

Ussanluanansiiuagliity anmdrenvnsluanadugNivieanuianninniwmeiguiu

[
v =

ilvanmnsalaesinasduinenguildfianmdidsaunsanaldiiesindunladdann
& = 1 a = & Y& o o a Y] Yy

TI9anUigeg1fed wnwudgndenlddudiiazaisluniesaiauazldtoyaaniie
nsafanvanganlunisesnuuuesesain wenaNUunsvl contour veaUTINMNTTUEAR
gyarunsaltuszlovilunsviuneUsunaniiunadalaidesnuaineiosanaiiioulumige

MUANABINTTVRI I ULTTaNSAUANRUYUVS B lun sl
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UszLandainazane
318013 Hexane  Anhydrous Hydrous Methanol
ethanol ethanol
Sadmfiazanedeviloiiemia 22,5 22.8 20.3 23.8
AN (2.9
natun1sania (min) 30.4 33.5 25.5 19.6
Ustnamalgvesingfy (wt.%)
PNANNTTNUEANNFUNUS 14.7517  13.2410 11.4224  7.2366
INNANITNAADIAI 14.6822 13.1260 11.7980 7.5198
aeAUsTneUTI
Free fatty acid (wt.%) 0.412 1.406 1.296 0.872
Triglyceride (wt.%) 81.156 9.562 9.487 8.044
Diglyceride (wt.%) 5.926 0.618 0.816 0.751
Monoglyceride (wt.%) 11.428 85.183 84.894 90.148
Ester (wt.%) 1.078 3.230 3.507 0.185
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4.1 N5 contour VBIUSINUNALRVRIINTTY (Wt.%) Nonsdumvinazatsania

PU8LIANINNWILAS kaz nalunisanadialgsminazanteusswnn (n) hexane

(v) anhydrous ethanol (A) hydrous ethanol kaz (3) methanol
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4.2  WANINAHBULATBIENAUNTIUNILWLUUNYUIU

lumsidendhazaneiildlunisadin uenananeiauisaaiauduliasanue
(F991FUAITINAaZANURDNTIMUIBLIANINNLNLIAS ke alunsann) Jadefinaaialsan

2UAD ANUAINITAIUNTANAUNTUAY miscella 1% S1ANRYINaYatYy Aulasanglu

(%
] Y

sl anudaenseseduindey uardndadeddydmsumstithiununduiaghuds
filunsussaunimdululefwadedinsaluiudase (free fatty acid, FFA) Gsnanilen
11NN 1 wt.% Wi madsussduszneulasndwelsdiduieamesieuiisemsud
wawesiedulagldiualuds azviliiinujisen saponification loveudsnanaiduay
yilsUmnaneamesiiFesnsanas dslunisuanlulefwalneiluluitunsngs Sududos

annsnlusudaszasnousenszuiumsioameiiiaduiioannsaluiudaseaouiluiing
nszUIUMIIMIIdeameIThaTudadumsifiunssuiunsuasiuyulumsnanlulefiea
dfunsdiiiuataanninniudeeiesatnuinunmuiuuumauau fvhazans
enwugnidentdifosnanunsoatniniulfgeandedioutusvhasanesiindus Usgneu
fuihiufiadadansalofudases st wnwy Saadeadiniidiaraeussnaniug

yilsinnslanasnulunisnaumusiyinazateainii

¥
[y o w

Tunisnagaun1syinauveaasasannuitulaelyninn ks uAUUSEUIas 1,200

[ [y

NSy wauduenwuludnsIdIn 1:22.5 w3eLvindu 27,000 nSY anansarantinsunuiie
Auganszuiuns WAy 142 ndu vieAmdu 11.83 wt.% daifisusudminninniumiie
Sudu wazaiunsandunduauenauldUsunm 25,656 NS I@&duuﬁmﬁ@g@?{&lﬂﬁ’umﬂ
nuindansadn uandethmadoufiesuaninineneuiieglunin nudiddusiiy
1,195.4 n3u visedndu 4.97 wt.% dladsudisudSinansnausudunisadn wazsdmsu
QRENRHIE ﬂﬁxmumsaﬁmmmmLLﬂmléﬂ,mJ'gﬂ'ﬁ 4.2 waglauananin MnNLILAde
#1 Mnnueuuteneunsatn nmanunldinsundinisat wasudndueiinduniuman
m%qaﬁmlﬂugﬂﬁ 4.3 ﬁaﬁmnﬁmimﬁmqﬁudauaﬁm 1,200 n¥a Iénan N dusirei
Al 142 n3a mnnulEiutaiinndnsuldnseasdonuaznndrulnalunzunsensesd
HIUATBULAWINAY 1,206.6 NS wanslvimsuindepaiiieniwunasnieagluninniwnls
ihifuBnuszanas 148.6 n3u fldanunsouenesnainnindaeTimssudaegamgd 105°C 1y

1381 24 97139



The repeating oil

SCG (3530 g) ----(~606 Wt.% moisture content)

!

Drying process (105°C, 24 hr)

!

DSCG (1200 g)

:

1 Circulating pump

Lt L o |

---------------- > Solid-liquid extraction .| Hexane; mass ratio 1:22.5
l (27000 g)
g 25 microns mesh of sieve
H ' | '
___| Miscella with small particle of Larger particle of DFSCG
DFSCG (25800 g) (2400 g)
10 microns of ceramic Drying process
membrane filter (70°C, 24 hr)
DFSCG Miscella Hexane Dried DFSCG
29 (25798 g2) (11954 ¢) (1204.6 g)
Simple distillation -:_"" Cooling water
l I l """ Heat source
Coftee oil Recovered hexane
(142 ¢) (25656 g)

JUT 4.2 aunauIaveInszuIun1sanainduannINAILimeLAIaainwu Uiy

U 9

(SCG A® spent coffee grounds, DSCG f@ dried spent coffee grounds

waz DFSCG Ao defatted spent coffee grounds)
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(@) (9
U7 4.3 mnnuraginsunIum (n) nnaui SCG (v) thsfunun () manusluis (DSCG)
(@) manul$thifu (OFSCG)
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4.3 WANTANAUITUAINAINAUNAILAINALANIUTIRIBLATDIFNALUUNYUIY

Usransamlunisatavesiiiavanenseusyans nmlunisazareisfuainnin
nurlingdvinazas wandlddeaanuituturesiiifuly miscella Yadantimidnves
ihifuavaustatmin miscella Tuuiarsaumsarin nansatneuansluzui 4.4 Tneusuo
dhifuazanlu miscella Tuseun1satndl 1 §¢ 6 WiafU 0.55 wt.% 0.99 wt.% 1.51 wt.%

1.98 Wt.% 2.46 Wt.% Wwag 2.93 wt.% ANUA19U wazunUSeuiguUsEansnInnisana

'
a a

Whdiugananminiwngavid lnafisuandsuahduanvduniuduluwsiazsaunisanis
5end9Nsld miscella Frvessovananouniieanalusaud 2 fs 5 Aunisldenauuigns
(Fvualivsganinmnisadandumetsnisulniviniu 100%) nuinuseaninmnisane

[y [

ae miscella MBlunnsoudensiiamlnaifssiu Auanddugun 4.5 mndunadnvaenis

(% '
Y = A

N1EANYRY miscella Wiagsaunisannaziiaiuduiiasaindvesidunsuniazaiseylu
miscella WinaNTudwandlugui 4.6 egnslsfimuuiunanhfuiiiatudmald miscella {
Anumiainduduiy Minsesazidenluyanseariiinevrediaiviennuauluninses

WNTU FaovdawasiefunundanulunsHan LYY

35
B
E 3.0 4
g 25
£
% 20 4
3
3015
=
S 10 A
33
5
aug 05 -
s |
@ 0.0
1 2 3 q 5 6

Tuusevlunisana (sav)
JUN 4.4 Ysinauddununazasly miscella flasaunsanaginielaTosanauuumsuIu

(50U% 1 Aa NsannmemYiaraeuTans wavsaui 2 8950UN 5 Aensarinnig miscella

mﬂmsaﬁ’maudawﬁ’])
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JUN 4.5 YszdnSamnisisdnduesnanninunyalyi lneiisuainUSunanhiuanizdi
MiiuAuusazsaunsaia sendnensld miscella waluseunisaninil 2 fa 5 funsld

ienwuUTansluseunsanad 1

JU 4.6 dnwauzdves miscella Uragsaunsana

szezaIMsatnTus RS suN NN LT LAz fvazatsasludiadn
aunszisliidunuludunouaariede 1 seumsatingay 216 wifidenisatmiidu 102
% warmnldnisatniugn 6 seu agldnansay 391 udt aldunsunun 852 ndu fau
nsafn 6 59U ¢e miscella voesouRBUNT WAWNsgulduaznAULENITUNEUAY 2g

aunsnanna1acla 70% eazduauandlilunised 4.5 wasukukegun 4.7
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JUADUN  NITUIUANS

=1
SyezlIan (W)

1 58U 6 59U
1 wisen/deY TngRukaraianuIl (W19) 35 210
2 n509 miscella Mmaldnsoauasiin (W17) 40 40
3 AAULENUITUN LN (UN7) 141 141
2UITeLIaN (W) 216 391
N509a%LRUA 40 U9
LWIEULAZANANYUIU 35 U] /
4
1 e
nduuenihsiy 141 U o)
® T
£)

5555555555555 3
L

JUT 4.7 szeznaudaztunaulunisainundiuiieinsesanauu Iy
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4.4  wavesouRBgNINNUNLazinTuidugiaInnINnIuW
fihdhedanmneaediengidnuasiuiafendesanssmididanseusin
dosnsAnugUT 4.8 é’ﬂwmzﬁuﬁmé’qaﬁﬂ%ﬁé’ﬂwmzLi‘JugwquLLazﬁm'}mq%maﬁuﬁa
odruiulatn wansisesdusznoudruniagnazosnainiantifedviazats and
psfdsznoudinan e titudaunsndegaugnguiagiiuinveannniunlnedavhagane
mmsaaﬁ’maaﬂmLLazazmsJLfJuufaLﬁmﬁ’uﬂuagﬂu miscella Way 5ﬂﬂumuW%Qmwﬂ
n¥rInmInduLeniavaraeiasiu dnsunmansivanmenm sssusznaulianatity
nunl viiansaludu L,Las@mauﬁ’aé’mmiwﬁmL%@Lwﬁqé’ﬂLﬁﬂ Ieuanslilunsned 4.6 msed

4.7 wag A9 4.8 ANUATRU

(n) ()
JUT 4.8 nwdneninnuimenaesganssmididanseusindensia (n) DSCG
waig () DFSCG
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M3199 4.6 AaNTANIINIEAINVBININNILN NMNNRNUTIARINNETY wagtduniuiana

AIBLTNLYU
Property DSCG DFSCG Coffee oil
Water content (wt.%) 65 - -
Mean particle size (um) 237.2 216.2 -
HHV (MJ.kg™) 23.07 20.39 38.38
Carbon (wt.%) 52.95 48.34 -
Nitrogen (wt.%) 2.10 2.39 -
Hydrogen (wt.%) 6.67 6.17 -
Sulfur (wt.%) 0.12 0.09 -
Ash content (wt.%) 1.59 1.86 -
Protein (wt.%) 14.39 14.8 -
Crude fiber (wt.%) 21.43 20.44 -
Free fatty acid (wt.%) - - 0.412
Triglyceride (wt.%) - - 81.156
Diglyceride (wt.%) - - 5.926
Monoglyceride (wt.%) - - 11.428
Ester (wt.%) - - 1.078
Viscosity @30°C (cSt) - - 132.6
Density @30°C (kg.L™) 0.925




AN5197 4.7 29RUsEnaunsabusiy
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Common name Fatty acid Content (wt.%)
Caprylic acid C8:0 0.01
Nonanoic acid C9:0 0.00
Capric acid C10:0 0.01
Lauric acid C12:0 0.02
Myristic acid C14:0 0.09
Pentadecanoic acid C15:0 0.00
Palmitic acid C16:0 34.44
Palmitoleic acid Cleé:1 0.04
Stearic acid C18:0 0.00
Oleic acid c18:1 7.74
Linoleic acid C18:2 43.12
Alpha linolenic acid C18:3 1.18
Arachidic acid C20:0 2.83
Paullinic acid C20:1 0.27
Behenic acid C22:0 0.59
Erucic acid C22:1 0.19
Lignoceric acid C24:0 0.29
Nervonic acid C24:1 0.01

al

.«.:4' wva o { o [y a & a o < = = =
#1319 4.8 Qmammammmmzammmumamwmwaaammmﬂiwmwmammﬂm

9

Property DSCG DFSCG Standard [33]
Higher heating value (MJ.kg?) 19.3 16 > 12.55
Fixed carbon (wt.%) 19.83 12 > 15

Ash (wt.%) 2.2 1.65 <20

Total sulfur (wt.%) 0 14 <2

Oxidizer (wt.%) N/A N/A 0

Explosive (wt.%) N/A N/A 0

Strong oxidizing agent (wt.%) N/A N/A 0

Note: N/A is not available
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4.5  MTIATIRAINATEgAERTIUDIAU

Ifmsgidmaassgmandaudoulunisiinude lunilsseunisadaldnin
MuluaEnduUsEIn 1,200 n$u nanfulenelusngidn 1:22.5 wiewiidu 27,000 A3
annsanAnttunudeduaanszuaunsldvindy 142 ndu dwsumsinnsandunuasd
57 (total fixed cost) Usznaude 2 dw Wi funulunsasraaiesaiminsuusenoude
Amdndaann duatsiadl saufessuuie warduyuaaiailussuuneuwiuduada Téun
LENLYU ﬁgamﬁmﬂy’ﬁé}u 54,158 U Tnedsienssananslunisned 4.9 Tunsldemuasei
nsafaugnnn YRl miscella ituegation 6 sou ileUszudanauagdunuly
nIrUIUNNTNTedALIBuALAZNNINAULENFYaYaY %aé’unmwiﬁusw (total variable
cost) Ansaluseud 6 lusmanifununuszaa 852 nfu lnediduyuuusiusiy
42213 v Fauandlunsned 4.10 vionsadadifunuuUsiuinds (average variable cost)
WAy 0.4954 urnsdenduniuil 1 ndu wie Anfu 495.46 uimsedlandu Fuang
eaziBeanunad 4.10 Inedeyausziamuazsadvhazanedildlunisdunuandlily
15797 4.1 wainssnadldieldislunmsnuneingivwezaussnulunsude
Tnestunuudsiuedosoniemandminsuniudng Wueasadfigodooglumamds

A5aNA a1RUSaLIAAla18lUNITNAWLEN UTUNLNEBNINLENLYY
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M591 4.9 AuyuasinisaindiiuanmanuimeLATsEiALUUNILINTLIANANWILAY

1,200 n3u

78013 37101 (U)

\n3osaimingu
HENALATTZUUNID 28,000
fansesauauaaauazden 25 lulasiuns 13,000
Samyuou 4,240
Juansiadl 4,300
Jurth 260
lénsasaviden aunanuazden 10 lUlAsiuns 200
WLAEASITOU 450
fawianesuruIg 15 Alansy 2,200

asLadl
wnwunywIILlusEuy sasdudvinazanuse 1,507
WHALIENIANINNWHWIR WinfU 22.5 g.g!
useih 0.85

SqueaY 54,158
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M15791 4.10 AunuuUsiuvaInsianhiunualnIasainLuuyuIy

P— Iuuseulunisanie

1 59U 6 50U
\nlwUgEady (Um) 66.71 400.26
Al Jumaau () 0.07 0.42
wianaduliauiou (Um) 20.54 20.54
Arlwih Tunsos () 0.91 0.91
ALIINU (V) 0 0
33 (U) 88.23 422.13
Usanauhifunun (na) 142 852
Funuudsiuadelunisatmingu 1 Alanu (L) 62134 495.46

wewme 1 50U Ao MsadamedivharaieusgvsuainauiinasaienduAusiosau was 6 sou fe Tu
n1sannseunt 1 Mdviazareusans uag Tuseud 2-6 14 miscella vesnisainsauneunt

wnnausharaenduAulunsaniaseugavine

M37 4.11 AandiuazsiAvesiviazay

Property Hexane Anhydrous Hydrous Methanol
ethanol ethanol
Purity (%, min.) 29.7 (wt.%)  99.9 (vol.%) 95 (vol.%) 99.9 (wt.%)
Density @30°C (kg.L™) 0.664 0.784 0.800 0.782
Boiling point (°C) 62.40 78.50 78.15 64.70
Price (USD.kg™) 1.54[52] 0.46 [53] 0.41 [53] 0.37 [52]
(Bath.kg™) 55.80 16.67 14.86 13.40

Note: 36.24 Baht/USD (accessed Dec 23, 2015)

nsafimugininnuigalyslfu miscella Wuuenainagtasanduruuds Ssean
nartumsvhnuaddalesldiuSeudisuduuuUsiuiagiial nsdinisaianinnsnkuuUng
Fhaeneuuiavisfissndafisunsndufueneneunnaimdeade funsdld miscella 91
nsafaseuneunii afngnfunnmualval InewSeudioudl 6 sounisarin nisadauuy

U A v P PN ] . v 5 Y] a
ﬂa‘UﬂULaﬂL%Uﬂﬂﬂiﬂ%ﬂﬁﬁ’;y 1,296 UM Iuﬁﬂmgmﬂqﬂfﬁ miscella @NAYILAZNAUAULNYY
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asafealdian 391 uil Fadalu 30% nnisadauuuidy IneseasiBeawanlilugud
4.9

1187 (W)

0 120 240 360 480 600 720 840 960 1080 1200 1320
AN N Y I N I AN A SN Y Y Y (NN AN M NN NN NN B

sty [T W W W W W

u3ans 6 A

YURDUANANIUIY (W171)

anneae rgmscelta I nysazen (uad)
WHT 6 50U

D Aaukentiy (i)

D AUYUWUTHUTM (1)

I I I I I I I I I I I I I
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AuyuuUsiuTn (Um)
= v ) 9 N9 Yo o A £ o v J oA
E‘U‘V] 4.9 ﬂi']‘wL'Zla']LLaSWUVJULLﬂif}JUIUﬂ']ﬁﬁﬂWﬂﬁmi%ﬁ']ﬂ’]a%a']ﬂUﬁq%ﬁﬁﬂﬂLLa'JﬂaUﬂ‘L!

6 A9 WA NNSANALIRY miscella 3MNNITANATDUNBUNLN
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unii 5
unaUuazdalauauuy
51  unagd

nan1svngeuriinvesvazasuaranniinzarlumsatathsuanmanun
#1838 solid-liquid extraction saudan1sad1aAdesafatnuLarnadeUUsEANEAINANS
yhan anansnagUlased
anmefngavlunmsadmirtuainninnunlussduies fonns annsanld
Aa875 response surface methodology (RSM) 91AN1599ALUUNITNAADIAI835 central
composite design CCD Sifauusdasy 2 fauls fe dnsrdrudvhazatedendviieua
nnnius wag tarlunisade tnednalfiifugegaindu 14.68 wto% 13.13 wt.%
11. 80 wt.% uag 7.52 wt.% wleadafideulufiiasaedenimiismianinniunui (R)
way Lanlunsana (1) Ae 22.5 ¢.g? 1981 30.4 W9 (A8 hexane) 22.8 g.¢ ™ 11a1 33.5 Ul
(92w anhydrous ethanol) 20.3 g.g! 1781 25.5 W19l (A78 hydrous ethanol) kay 23.8 g.g
1381 19.6 W19l (g methanol) wagfinnsadeniddeyansaisnududvhazarglunis
pONUUULAENAABULASpsarin Lilasanisnuliussansnmlunisatngegassteidiuitly
fiennsaluudassiinfu 0.412 wt.% sndiduainnisataaeivinasatseiinaug
aunsalfiduisfudeiulumsndnlulefwamensyuiuns noudeamesindunigly
funeuierdstsandunuarsedlunisanliulefia
m‘%'maﬁ’mﬁﬁﬂumﬂmmmwLLuwymugﬂaamwummmazﬁmmzammﬂmiaﬁ’m

[

Tneldienuduirhazanslussiuiecufifingg wdesadaanunsaatnninnunusisliads
a¥ 1,200 n3u wamsfunuillddssna 142 ndu senissaunisada oasdruenisuse
wilmhenanInnulwiriniu 22.5 ¢.gt atlunisada 30.4 wi fuedeaseneudieds
anawuunyuIY seuuld miscella afme szuunsesnInniuilandisly miscella A
azdoamnit 10 lulaswns wasssuunduduansazanglunssuaumsuenindussnansav
azans eddlsfinnudsmaiisnieuandeandseglunnniunllihiundmnisatnyseann
1,195.4 n$u visoAmdu 4.43 wt.% iowSeulsuUsunananauisudunisain

suvulunisndseIeadauualuiunuasd (Juamuanaisawazaiansaiizui)

Ussuoe 54,158 v wazdidunuulsduadelunisadnaiuaulunisadauidu fe
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Snsduivharanedenilvihenianinniwiluis 22,5 .ot wag wattunisada 30.4 Wil
MWL 1,200 nda Tasadndae miscella 1wgn 6 SoU SAWiniy 495.46 U mse
Alansu ﬁaﬁﬁunud’m’mwjLﬁ@mﬂmsnglﬁﬂLaﬂmulﬂﬁumﬂwé’qmsaﬁ’m WA 400.26 U
soflansu vioAnudu 95% eifleufusunuulsiulunisadaioun ddlunsiandesen
ynanunsaaisgUnsalienianisumnislunnvdanisatanssieinlienwugydedumud

wseliAdosngn visdauudlinnusoumhunssmeenauanalunInuInAusaumie

(%
a

Malutunaunisgula miscella nsoauseumnieienluiiyanlulsanu nsensyarnaniay

=

goydelusiuuusiundsuiduaud avanunsoandunuulsiuedslunisadaaslaaniay

o

&

422.13 vwisethunui 852 n3u 18y 21.87 vindenduniu 852 nfu Wipanasan
495.84 vw/Alansu 10y 25.67 v/Alandu Fauwmensmsusudaedesaiaiiousn
LeNwUaaNIINNINNIWINEINTsann 919Usulliaednvue feg1ugu N159enNkUUEY
afnlvianunsanyusisdldludnvasiiorfuiduuisuaiesdni Tay miscella azgniniss
sanannnndisusmilgudnarslualusiudu miscella drulngjannnisadaiiiowding

nszuIunIsnIdasidunsaly wislonditeddanuanlunisidentdgunsalifiedesiunis

'
U =

$riuveaveavadnazleszine A vy uiideimuienisfnseuveaianisunazlyl
reliAnANFeuigsawAuly esnnenieussivedsuar il gungigeranelhinnis
anlwillgdniisleszmeidudunmeseaunmmnmeladnlvavandusseznay wiodn
wmadunmslfgamgiifuninndinsadafieliiensussmvenansduleanduangamgd
lolugamuuiunsgisnaeduenisuuiandnduunldonads dmdudniauiougnin
nueradenliduausounyuiu lagldnnundsaialudsle usnasuuuddindaysssely
Faymmuunu uazdiviedmiugaeiniaiiovyuinludslasinislvianufouduveiiiels
mmﬁﬁlwamuﬁqmmﬁqaﬁﬁumﬂﬂ’jﬁqmgﬁizmmmLaﬂLszjumﬂﬁgu%mamzé’mmmﬁ%au
Udoroanuiinuduansdy aufeuasunsndkiutunnuassvelenisuansiudiuuy e
NIz RN Ty mmé’uiuﬁq%qa%uﬂwﬁwuzLLsaé’mwa‘aaU%alU€J’aﬁqmmmnju
naneduenuuianinely videlddndusiieufoulasiihiitgumgigindgula
miscella Tasaufummvdanmsataluf@anndulienudoudinseitaanainigludissive
lofiAnTuasdsenouieleduarlosnisu uazsgnangumnilugaauuiunaiadureaan
wonduogedausEinuazensuannsausnmiteanldlagdis luulssifunisand,
doddlunszuiunmsssmveshazaneenisy mnuiulsuraadomdmnuianediilunig
farfeuuuwandomasifyarsiniusenouduusupsdahdouliimgadeanudou

vauglgausa iy msldldfurietseumaenninlssny waznsiuauIuaAusounse
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sanwuugadahieusardegulabiludufendinisgaydes anavibidunuamdsnuaiy

Fouanaslauszann 50% aganunsasunuulsiuniansiadrie 13.61 uvin/Alansy

o
3 a v v

agslsAmumnseuisunsaivinfunwu i duinafudssulunisudalulediva

9

(%
Y

ihdfumundalidununisadafigeninhiudsiunnuaadiug mahulFnulmaeenuduen
fifonhmsideuasiaandunulunisadalimag wiednmadendeldditununlunis
wAnansiefusyyadaslugnaImnguel 91nTasy nanfusiasunNe Feilyanigs
nilaefeAdefiatuayu Wy Solange uazamy [54] Anwiniaria antioxidant phenolic
compounds 3101 DSCG wuIve A fiaiabed phenolic compounds Iu‘lﬁmmﬁQﬂ
(Uszanae 16 mg gallic acid equivalents.g™ DSCG) wazilans antioxidant activity U'%mmqq
(ferric reducing antioxidant power 0.10mM Fe(l).g™) LLazaqﬂ’iwﬁmmmmzaﬂumﬂﬁz’f

NUlUAAINNITU BIMTFVNNUAZEN
5.2  UalduBLkuY

aununisaialaedulvgegnusunanenwuandennasegluninniunvdnisaia
MNATEUUTEMEENWULALNAUALDENIINNINNIITELA Fzanunsoandunudulngasla
Tussuunduszwmeivinazatelagldnnueuainuiansdy Sndudesdianudouiy
gaungiu1NgUNYIves (30°C) udtaumngiisemevaaniguiasliiaiuseuunIanis
) a ) S . Ao Y v
YDITEYLIATIUNTLIUNMINGUAUNIVILA 11NTINNTIANTNA AU miscella NTAMUTuTULITY
YSunaunnuainduegaaiiaavdigliusendanaiuasuianuadla uasminiasuumas

waswanerssududanalszianaduazannsoansuuludiutadladnuniu
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Abstract

The utilization of spent coffee grounds (SCG) was
discussed to produce the liquid- and solid-fuel. Based on
close to 8.2 million tonnes of green coffee beans (GCB)
produced globally each year. The SCG is the waste after
brewing to produce an instant coffee and a fresh roasted
coffee. After brewing, the high moisture content of organic
wastes, SCG will be dumped. Therefore, the SCG decomposes
partly to methane, and contributing more to climate change,
which are the partial cause of global warming. Many
researchers have studied on the utilization of SCG as the
renewable energy. The 19.3 MJ/kg higher heating value (HHV)
of SCG can be detected, which is the high level of biomass
energy, and can be directly converted to solid fuel. The oil of
7 to 17 wt.% were found in SCG, therefore, it can be used as
the feedstock to produce the biodiesel (for liquid-fuel). The
by-product after oil extraction process, the defatted spent
coffee grounds (DFSCG) can be used as the biomass resource
to produce the pellets (for solid-fuel). In addition to the use of
oil from SCG will lessen competition with food resources

(crude palm oil, coconut oil, and rapeseed oil) for biodiesel
production.

Keywords: spent coffee grounds, coffee oil, liquid-fuel, solid-
fuel
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Solid-Fuel Solid-Fuel
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Souwiniu 19.55, 19.23 uar 19.63 Mi/kg auasiu Tuvsiifing
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Arsuaunauanlyd (CO) warUiinanuintufigladsaintomas
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rhuzdusan (total sulfur) Limsiu 2 wt.% 0 14
liiinsarsnentlawes (oxidizer) n/a n/a
LifisiideliAnnssudadagnilifeu n/a n/a
Liflansiiandouiidiu strong oxidizing agent n/a n/a
A7 3 3 T nudaa sdaiintumios (10
Pine Blend
auaulA Sce sawdust | s50.50
CO (ppm/vol) 118 79 6.7
Particles (mg/Nm?) 17.5 14.2 139
HHV (MJ/kg) 19.6 19.2 19.6
Boiler combustion efficiencies (%) | 86.3 908 919

3.3 nsafnuniuuazniswanluTameannindunium
3.3.1 msafaviiu
msatathiunninnuazdaeglulssannisaiadeis
wpauds-vouna (solid-liquid extraction) wiai3undndewilvinnis
w2 (leaching) Ala N1savawaIuYsENEUARBINNTBBNIINYBIHAY
wiadedvinavarsvasmar dmdunsdiidauvsenaviidionis
avaweguuininvewdaiiliazans Wudsansruaunsvetiy
panMmefiazats [11] nuéﬂmuﬂﬁuﬁnluqﬁn'mshmﬁu%u‘nm
Thifuaieuszana 7-17 wt9 [4] nrsamisiusrnninnaum (SCG)
iduduiaulufnulunarsyszna Jegtuiionddeidnuuas
vodsummEINsalumsatatiiuain SCG lussiuiasufinns
Taulddvhazanevaisuszian wu hexane, isopropanol, pentane
uay acetone Wusu #iu3duves Ferrari wazamy [12] lAnwins
afthiuannudanund (roasted coffee bean, RCB) vaaawdn
muniugerszinuasiuglsvan lagldansazany pentane vinms
afndei3 Soxhlet extraction Wunat 4 $alus wudh nuvane
Wugorsyiniuazarswuglsvani ity 16.5:0.4 wt% uay
9.240.1 wt.% AaWU Al-Hamamre uazane [13] lavimsAne
msaahiuan SCG anfviavarsuuuiita (polan) warlsiiidh

3.3.2 nmsuanlulefiwa

nmnnuniifiviialasndwelsd Caetano uazas (6]
Anwanasafminfuninniundaefaviiazats hexane uay
isopropanol #idasdruLasaadutusineg Wonaaauusina
shituiiannsoateld nindudrgnszuiunseanlulefisauuuans
Funoulnsléusanesadussinmumiuen warliludeulonsonles
Wusisaiiteniuinscifigumgii 60°C Anuidaseuniusay 80
sou/uit Wunat 3 $2lus amnsondalulefiwaldaaauiand
86% Todaka wavany [19] Anwinswdnlulegasmitiunun
J’Iﬁualjd’l way thifuisndn se methanol, ethanol, 1-propanol
uay 1-butanol Tnelflewdieulaasenlediufusagiter wuinlule
aniniununild 1-butanol anaudalusudemasiia, i
AMETEIRDRMUAl (thermal stability) war nusoNsIinUfATen
sondnduléd Tasamantdveslulofsasnmiuiunulfuansdy
M52 6
4. unagd

msvslaanuiiuuliuldduamuisusdwsaidiadlusuinn
Frufnunmvasninuarmiuatiosvewmain axiilifinnniu
Snunnidstuedeidiesdnlunaidmiunslénnniuite
wdandsnumaden Usznaufuninnuifiviinumiveunsiige
(fixed carbon) deralifAA1¥ougs (heating value) dmFurisiu
afavnmnnuiinuasRannsadnulassaisnlaindwelsd
Dueameiviolulofwalduasdsannsoinniimdeiaiiiiums
afmiTuudufulgadudamaudald snuanisduniuay
swmmAdeiedull wandiiuimuanifuinusasdiu
wifsurasmnnuniiiaudululdlunmssandudomauiuas
Fomaamarnnvezninniunindaiis Faamnsnidouiulse
Vsrdvsamuasmahlldidundiumadoniionsesiidnen s
Tuouan

A31e7t 4 myveasvatahiiuniun

100

(non-polar) f Soxhlet extraction ldiaranin 30 uil LA [Extraction | Time Y Solventto | Yield | Ref.
- v of solvent
avanewuulifitn (pentane, hexane, toluene uag chloroform) e method (min) e SCG (ml/g) | (wt.%)
YSnaninaiu 15.18, 15.28, 14.32 uag 8.60 wt.% Mmud1diu way ¢z | Uttrasound | 45 hexane 4.0:1 12 (41
yinazaeuuuiida (acetone, isopropanol way ethanol) liusuam  |ooxhiet = peniane b2 1518 | (13)
¥ oo o o am ay o J Soxhlet 30 hexane 4.2:1 15.28 13
1t 12,92, 10.68 way 9.18 wt.% muddy waviivinddudug Ale L)
P B Ve Agasu 4 1 v e i 4 1 Soxhlet 30 toluene 4.2:1 14.32 | [13]
’nmn:iannmuumnn:u Faloasutew ugﬂsannmuumnnau Y [Sanee s o — 1115 | 13)
#1399 Aauanalun1snsii 4 [13-15] luveit Thawomprasert uay Soxhlet 30 acetone 4.2:1 1292 | 113)
A [16] nagevanadioidniunanlaslddviiazaroieney | soxlet 50 isopropanol 4.2:1 1092 | 113)
gnamnssu nuidndnlaeatenInnunReeniey 1:15 ¢/g | Soxhlet | 40 ethanol 4.2:1 119 | 013
annsnaiauiuldgegn 14.0 wt.% uas Eawlex uay Somnuk [17] | Soxhlet | 180 | 50:50 (hexiso) | 2001 215 | usl
- v @ it
Anwanniimnsanlunsatadasdnlasnavesninnuiue  [Soxhet [ 08 | sopropanol 201 2 (5]
SR o st Soxhlet 150 | 80:20 (hexiso) | 20:01 195 | [15)
H re n m
. R el L ogf soxhlet | 570 | n-octane 20:01 2 [15]
(RSM) wunansidmmnniunaaieneu 1:22.5 ¢/g 1aa1 30.4 U Soxhlet — rv— 2001 16 115)
v ¥ oy ¥ :
aunsoanauniuligegn 14.75 wt.% visil Vardon uazame (18], Soxhlet a ethanol 20:01 16 (15
Caetano uavAme [6], Todaka uazAmy [19] Anwiand@uniuain | soxlet na 60:40 (hexiso) 20:01 17 15)
msanaludnwurlndifusiudield3s Soxhlet extraction Tagldie [ Soxhlet | n/a 70:30 (hexiso) | 20:01 21 [15)
nisuufvhavane vl Abdullah uazany [20] Anwildignigy  LSodlet | wa | heptane 2001 18 | 5]
< o - 9 wat o v owv . M99 5 AuanUEdsiun
wazadudsWansleiinlumsane Inspmuantfiuniuads lauansda —
3 [ quauia | ns1 [ na | 161 |
Tumsnadi 5
| Color I Dark brown | Dark brown I Dark brown |
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\ \ msuUssguauuuIBedTIMs
= Unuuwaoo g Hous=malneasofi 8
" REO 5 b1 g 19as0n
E The 8" Thailand R ble Energy for C: ity Confe

Moisture (%) 0.118
HHV (MJ/kg) 408
Density at 15°C (kg/m) 941 904.2 912
Viscosity 40°C (mm?/s) 49.64 33.92 398
Acid value (mg KOH/g) 11.27 8.0 9.9
lodine value (g lodine/g) - - 0.476

n19197 6 Aailulofwanimhfumuiisuiisunasgu

AuANUR (6] [15] 18] | EN 14214
Color brown brown | brown
Appearance Liquid Liquid | Liquid

Reaction yield (wt.%) 373 60.5

Water content (ppm) 2708 632 < 500
lodine value (g 1,/100 g) 70.0 2.14 <120
Acid value (mg KOH/g) 19 0.11 <05
Methyl ester content (wt.%) 86.0 69.3 > 965
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ABSTRACT

In this study, the optimization of two parameters: solid-to-solvent ratio and extraction time of the oil extraction
process from the dried spent coffee grounds (DSCG) after brewing coffee were investigated by using the response surface
methodology (RSM). The results showed that the 14.75 wt.% of calculated yield of coffee oil from the predicted model
was obtained, when the optimal condition: the 1:22.5 g/g of mass ratio of DSCG-to-hexane and 30.4 min of extraction time
under the 30 °C of room temperature was used. The model was verified by the experiment, the 14.68 wt.% experimental
yield of coffee oil was achieved after passing the extraction process under the optimal condition. Moreover, the
composition of coffee oil after eliminate the residual hexane were analyzed by the thin layer chromatograph with flame
ionization detection (TLC/FID). The 81.156 wt.% triglyceride, 5.926 wt.% diglyceride, 11.428 wt.% monoglyceride, 1.078

wt.% ester, and 0.412 wt.% free fatty acid were found.

Keywords: spent coffee grounds, coffee oil, optimization, response surface methodology.

INTRODUCTION

The coffee grounds are consumed in coffee shop,
homes, bars and restaurants, large factories of instant
coffee (Wikipedia Contributors 2015). Consequently, the
coffee beverage is consumed worldwide. In Thailand, the
coffee beans were used to produce the instant coffee,
roasted and ground coffee, and canned coffee (Pongsiri
2013). Therefore, the increasing domestic consumption of
coffee bean is affected on the amount of coffee grounds
increased as well. Many organic residues, spent coffee
grounds (SCQG), after brewing coffee of both instant coffee
and roasted coffee processes were dumped to the garbage,
where the other organic waste may be decomposed to
methane, and thus encourage to climatic change (Mussatto
et al. 2011), (Hansen ef al. 2006). The SCG can be
extracted the coffee oil using solvent extraction method.
Thus, the SCG have the potential feedstock to produce the
biodiesel from the coffee oil. The SCG containing the 7-17
wt.% oils content, depending on coffee varieties (Speer &
Kolling-speer 2006). Moreover, the yield of coffee oil
from SCG depends on the various parameters: moisture
content, particle size, amount of solvent, type of solvent,
extraction method, and extraction time (Al-Hamamre et al.
2012), (Caetano ef al. 2012). Table I shows the various
conditions of coffee oil extraction from SCG. The hexane
solvent extraction is most commonly used for extracting
the coffee oil by Soxhlet extractor. Moreover, the 12-16%
oil yield from SCG was achieved in the extraction process,
when Soxhlet and ultrasound extractions were used.
Certainly, the ratio of solvent-to-SCG has a high
significance of oil yield; however, the researchers have not
yet studied the variation of this parameter. For instance,
Al-Hamamre er al. studied the oil extraction from the
dried spent coffee grounds (DSCG) as a renewable source
for biodiesel production, the 60 g dried sample and 250 ml
solvent (or the ratio of solvent-to-SCG is equal to 1:4.2
¢/mL), were fixed at the different time spans to determine

the yield. Caetano e al. studied the effect of different
solvents on the coffee oil yield by using Soxhlet extractor
with the condition: 2.5 to 9.5 h of extraction time, the 10 g
of DSCG and 200 mL of solvent were fixed. Therefore,
the optimal condition of coffee oil extraction should be
studied to reduce the extraction costs, such as type of
solvent, ratio of DSCG-to-solvent, and extraction time.
This present study was undertaken to evaluate and
optimize the highest yield of coffee oil for the solvent
extraction process from DSCG, when the two parameters:
ratios of DSCG-to-hexane and extraction time were
studied by using the response surface methodology
(RSM).

MATERIALS AND METHODS

Materials

In the Espresso coffee shops, many organic
residues, spent coffee grounds (SCG) from brewing coffee
were dumped to the garbage, as shown in Figure-1. The
SCG were obtained from local coffee shop in Prince of
Songkla University (PSU), which Arabica coffee grounds
were used to brew the Espresso. An approximately 66% of
moisture content in the SCG were measured by the drying
oven method at 105 °C and 24 h (Abdullah & Bulent Koc
2013). The SCG must be dried to eliminate the moisture
content before introduced into the extraction process.
Moreover, the SCG drying process will prevent the
spoilage and microbial growth (Abdullah & Bulent Koc
2013). The commercial grade of hexane solvent was used
to extract the coffee oil from the dried spent coffee
grounds (DSCG). All chemicals were analytical grade to
analysis the compositions of coffee oil by the thin layer
chromatograph ~ with ~ flame  ionization  detection
(TLC/FID).
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Figure-1. (a) spent coffee grounds, (b) oil-free spent
coffee grounds, and (c) coffee oil.

Methods

Extraction Procedures

After complete the SCG drying process, the 10 g
of DSCG and the required mass ratios of DSCG-to-hexane
were loaded into the 250 mL flask for weighing by the
Mettler-Toledo digital analytical balance. All experiments,
the solvent extraction were operated in the batch process.
The mass ratios of DSCG-to-hexane were varied under the
experimental design matrixes. The magnetic bar was
instantaneously put into the flask to mix the DSCG with
hexane. In the coffee oil extraction process, the flask was
placed on the digital magnetic stir plate to mix the DSCG
with solvent by the magnetic stirrer at 30 °C of room
temperature, and immediately start the timer to monitor
the extraction time. After complete extraction oil, the oil-
free spent coffee grounds (OFSCG) will rapidly fall to the
bottom of the flask, and the solutions of hexane-to-coffee
oil are on the top layer. The suspensions of OFSCG in the
solutions were filtered by the filter paper (W. & R. Balston
Ltd. Genuine Whatman No. 1) to separate the OFSCG and
solutions. In the hexane distillation process, the solutions
of hexane-to-coffee oils were stilled by the simple
distillation process to remove the most hexane. In the final
process, the coffee oil from the distillation process will be
heated by the electrical oven at 104 °C for 6 h, to remove

the residual hexane, which might also be left in the coffee
oil (Abdullah & Bulent Koc 2013).

Analysis Method

Two independent parameters: mass ratios of
DSCG-to-hexane and extraction time, were studied to
optimize the coffee oil yield from DSCG. The yield of
coffee oil was determined with equation (1). The TLC/FID
(model: IATROSCAN MK-65; Mishubishi Kagahu Latron
Inc.; Tokyo, Japan) was used to analyze the percentage of
tri-, di-, mono-glycerides, ester, and free fatty acid (FFA)
in the coffee oils.

Experimental Design

The experimental design of the solid-liquid
extraction process was aimed to optimize the effects of the
ratios of DSCG-to-hexane (R), and extraction time (7) on
the coffee oil yield by the response surface methodology
(RSM) approach. Twelve experiments were designed for
5-coded-level (-1.414, -1, 0, +1, +1.414) followed by the
coded level, as shown in Table-2.

Y =(W,/W,)x100 (1)

Where Y is the coffee oil yield, W, (g) is weight of
extracted oil and W, (g) is weight of DSCG.

RESULTS AND DISCUSSION

Experimental Results

Table-3 is the experimental design matrixes of 2-
independent-variable: DSCG-to-hexane (g/g), extraction
time (min), and 1-dependent-variable: coffee oil yield
(wt.%) of the solid-liquid extraction process by solvent.

Response Surface Model and Statistical Analysis

The coefficient values and statistical analysis of
response surface model were analyzed by using the
multiple regression equation to fit a second-order
polynomial model, as shown in Table-4.

Table-1. Conditions of coffee oil extraction from SCG.

Time (min) Type of solvent Yield (wt.%) DSCG-to-solvent (g/mL) Extraction method References

45 hexane 12.00 1:4 Ultrasound (Rocha eral. 2014)

30 pentane 15.18 1:4.2 Soxhlet (Al-Hamamre e al. 2012)
30 hexane 15.28 1:4.2 Soxhlet (Al-Hamamre er al. 2012)
30 toluene 14.32 1:42 Soxhlet (Al-Hamamre er al. 2012)
40 chloroform 1115 1:42 Soxhlet (Al-Hamamre er al. 2012)
30 acetone 12.92 1:4.2 Soxhlet (Al-Hamamre er al. 2012)
50 isopropanol 10.92 1:42 Soxhlet (Al-Hamamre et al. 2012)
40 cthanol 11.90 1:4.2 Soxhlet (Al-Hamamre ef al. 2012)
180 50:50 (hexane: 2-propanol) 21.50 1:20 Soxhlet (Cactano er al. 2012)

408 isopropanol 21.00 1:20 Soxhlet (Cactano er al. 2012)

150 80:20 (hexane:2-propanol) 19.50 1:20 Soxhlet (Caetano er al. 2012)

570 n-octane 26.00 1:20 Soxhlet (Cactano er al. 2012)

N/A hexane 16.00 1:20 Soxhlet (Caetano et al. 2012)

N/A ethanol 16.00 1:20 Soxhlet (Caetano er al. 2012)

N/A 60:40 (hexane:2-propanol) 17.00 1:20 Soxhlet (Caetano et al. 2012)

N/A 70:30 (hexane:2-propanol) 21.00 1:20 Soxhlet (Caetano et al. 2012)

N/A heptane 18.00 1:20 Soxhlet (Caetano er al. 2012)

N/A: the extraction time was varied in the range between 150 and 570 min
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Table-2. Coded level of independent variables.

Coded level
Independent variable
-1.414 -1 0 +1 +1.414
R : Ratios of DSCG-to-hexane (g/g) 1:5.1 1:8 1:15 1:22 1:24.9
T : Extraction time (min) 0.2 6 20 34 398
In Table-4, the positive sign of coefficient values CONCLUSIONS

of each parameter mean the coffee oil yield has increased.
In contrast, the negative sign of coefficient values mean
the decreasing of oil yield. All analysis of results were
conducted with ““Excel’” solver from Microsoft Excel add-
in tool to solve the optimization of equation (2). It was
found that the predicted model of the relationship between
the coffee oil yield and two independent variables were
classified under the polynomial equation. The model of the
two responses is expressed in equation (2) to obtain the
highest yield of coffee oil from the solid-liquid extraction
process. This model was tested for its ability to describe
the experimental results and to prove for statistical
significance by the r-test at the confidence level of 95%.

Y =B, +B,T+B,R+B,T*+ B,TR + B, R )

where Y: coffee oil yield, R: ratio of DSCG-to-hexane, 7
extraction time, and /3: coefficient value.

Figure-2 shows the contour plot of the
relationship between the extraction time and the mass ratio
of DSCG-to-hexane on the coffee oil yield under the 30 °C
room temperature. To investigate the optimal condition for
the highest coffee oil yield, therefore, the Excel solver was
used to solve the equation 2. The results showed that the
14.75 wt.% calculated yield of coffee oil was achieved,
when the optimal condition: the 1:22.5 g/g of mass ratio of
DSCG-to-hexane and 30.4 min of extraction time at the
30 °C was used. The yield of calculated coffee oil under
the optimal condition can be proved by the experiment.
The results from the experiment showed that the 14.68
wt.% actual experimental yield of coffee oil can be
extracted from DSCG under the optimal condition, which
the experimental yield are close to the calculated coffee oil
yield. Moreover, the compositions of coffee oil after
eliminate the residual hexane were analyzed by TLC/FID,
81.156 wt.% TG, 5.926 wt.% DG, 11.428 wt.% MG, 1.078
wt.% ester, and 0.412 wt.% FFA were found. The major
problem of biodiesel production from vegetable oil is the
FFA, which the FFA is transesterification reaction was
used. As the results, the ester conversion was reduced by
the saponification reaction (Somnuk ef al. 2013).
However, the coffee oil has the FFA content lower than
0.5 wt.%. Consequently, the coffee oil will be produced
the biodiesel by wusing a base-catalyzed direct
transesterification reaction.

The aim of this study was to optimize the highest
yield of coffee oil for the solvent extraction process from
SCG after brewing coffee as a potential alternative raw
material for biodiesel from coffee oil. In the part of oil
extraction process, the results of this research
demonstrates that the 14.68 wt.% actual experimental
yield of coffee oil can be extracted from dried spent coffee
grounds (DSCG) under the optimal condition: the 1:22.5
¢/g of mass ratio of DSCG-to-hexane and 30.4 min of
extraction time under the 30 °C of room temperature.
Increasing of mass ratio of DSCG-to-hexane will enhances
the diffusion of solid and solvent, and improves the
transport of the solvent while mixture flow through the
pores and surface area of DSCG in the oil extraction
process. Therefore, the organic residues, the SCG have the
potential raw material to use for biodiesel production from
the coffee oil and to use for combustion energy from
OFSCG.
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Figure-2. Contour plot of extraction time and mass ratio

of DSCG-to-hexane on the yield of coffee oil under the
room temperature of 30 °C.
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Table-3. Experimental design matrix.

Run Ratio of DSCG-to-hexane, R (g/g) Extraction time, 7' (min) (‘::I; ';f Wikl ¥
. /0
1 1:122.0 34.0 14.5700
2 1: 8.0 34.0 12.6580
3 1:115.0 20.0 14.0237
4 1;22.0 6.0 14.4017
5 1:24.9 20.0 14.6323
6 1::15.0 20.0 14.0283
7 1: 8.0 6.0 12.4070
8 1:15.0 39.8 14.1125
9 1: 15.0 20.0 13.9887
10 145:1 20.0 10.7623
11 1:15.0 0.2 12.6600
12 1:15.0 20.0 13.9773
Table-4. Coefficient values of response surface model.
Coefficient Po pi p: P P Ps
Value 8.130 0.06448 0.500 -0.00098 -0.00021 -0.01096
p-value 0.000263 0.231 0.00453 0.296 0.926 0.01861

(R*=0.927, and Rugjusica = 0.866)
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ABSTRACT

Optimization of two parameters in espresso coffee oil extraction: extraction time and mass
ratio of DSCG-to-solvent were conducted on dried spent coffee grounds (DSCG) employing
four solvents. Extracted yields were investigated using response surface methodology (RSM).
Predicted models were verified by actual experiments. Experimental yields of 14.6822 wt.%
(using hexane), 13.1260 wt.% (using anhydrous ethanol), 11.7980 wt.% (using hydrous
ethanol), and 7.5198 wt.% (using methanol), were achieved. Prototype extraction was tested
using circulation process. Approx. 11.83 wt.% oil yield of prototype extraction can be
extracted from DSCG under optimal condition: 30.4 min extraction time, and 22.5 g.g”" mass

ratio of DSCG-to-hexane from laboratory-scale results.

KEYWORDS: coffee oil; spent coffee grounds; prototype scale; solvent extraction;

circulation.
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ABBREVIATIONS

DFSCG defatted spent coffee grounds
DG diglyceride

DSCG dried spent coffee grounds
FAME fatty acid methyl ester

FFA free fatty acid

HHV higher heating value

ICP instant coffee powder

KOH potassium hydroxide

MG monoglyceride

RM repeated miscella

RSM response surface methodology
SCG spent coffee grounds

SEM scanning electron microscopy
TG triglyceride
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I. INTRODUCTION

Organic residues from brewed coffee, so-called spent coffee grounds (SCG), have an oil
content of approx. 10 to 15 wt.%, depending on coffee varieties' and have promising
feedstock amount to produce biodiesel.>* Approx. 8 million tonnes of coffee produced
globally each year, roughly 1.3 billion liters of biodiesel from coffee oil could be added to the
world fuel supply.'” SCG is the residue obtained after brewing and requires good waste
management plan. Nestlé, the world’s first instant coffee in 1938, used the NESCAFE name.
The company was established in Switzerland and founded a large-scale production line of
coffee extraction and spray drying of coffee beans.® SCG from brewed coffee process was
used as a renewable fuel resource.” In the preparation of instant coffee powder (ICP) with hot
water or steam, almost half of the world coffee consumption was processed for instant
coffee.® After coffee extraction with hot water, solid waste of the SCG amounted to 2 kg per
each 1 kg of ICP.” Generally, SCG from the coffee industry was used as a renewable energy
resource, and this waste was collected by specialized agencies and sold for various purposes
(e.g., composting, gardening, bioenergy production, mushroom growing).” After brewing,
SCG from both the instant coffee and roasted coffee will be dumped, and the organic waste
decomposes partly to methane, contributing more to climatic changes.® In Thailand, coffee
beans have been used to produce instant coffee, roasted coffee, ground coffee, and canned
coffee.'” Increasing domestic consumption leads to an increase in SCG as well.>'" The SCG

1,12

contains 10-15 wt.% oil content, depending on coffee varieties. '~ In the coffee oil extraction
from SCG, hexane solvent extraction is most commonly used to extract oil by a Soxhlet
extractor. Al-Hamamre ef al.” studied oil extraction from dried spent coffee grounds (DSCG)

for biodiesel production; 60 g DSCG and 250 ml solvent were kept constant at different time

spans to determine the yield. Caetano ef al.* studied the effect of different solvents on coffee
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oil yield using Soxhlet extractor for 2.5 to 9.5 h. Results showed that 21.5 wt.% of oil was
obtained after 3 h extraction time with mixed solvent (hexane:isopropanol, 50:50 by volume),
while the use of isopropanol solvent alone resulted in 21.0 wt.% of oil within 6.8 h. The use
of pure isopropanol also incurs a higher operating cost than the use of mixed solvent.

To the best of our knowledge, no research has directly focused on the optimization of
coffee oil extraction from DSCG using four solvents: hexane, anhydrous ethanol, hydrous
ethanol, and methanol in this study. Moreover, prototype-scale was tested using solvent-
circulated extraction instead of batch-type modes. The objective of this study was thus to
demonstrate the optimization of coffee oil yields from each solvent type using response
surface methodology (RSM). Two parameters: extraction time and mass ratio of DSCG-to-
solvent were conducted. The use of oil from SCG will lessen competition with food resources
for biodiesel production such as soybean oil, rapeseed oil, coconut oil, and crude palm

. 3
oil. >4

II. MATERIALS AND METHODS

A. Materials

As shown in Fig. 1, the organic residues: spent coffee grounds (SCG), dried spent coffee
grounds (DSCG), and defatted spent coffee ground (DFSCG), are normally just garbage. The
SCG of Arabica form the espresso brewing was used in this study. Its moisture content is
approx. 66%. SCG should be dried before extraction of its oil; high moisture content causes
spoilage due to decomposition.'” Freshly brewed SCG should thus go through a drying
process to inhibit microbial growths. The DSCG was used as the raw material for solvent

extraction process. Purities of commercial grade solvents were: 29.7 wt.% hexane, 99.9
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vol.% ethanol (anhydrous ethanol), 95 vol.% ethanol (hydrous ethanol), and 99.9 wt.%
methanol. Table I shows the physical and chemical compositions of DSCG and DFSCG, the

property and price of the four solvents are shown in Table II.

B. Methods

1. Laboratory scale of oil extraction from spent coffee grounds with the four solvents

In all experiments, solvent extractions were batch processed at a laboratory scale. In the
extraction, 10 g of DSCG was loaded into a 250 mL flask resting on a digital analytical
balance (AL204 Mettler-Toledo, Switzerland). The required mass ratio of DSCG-to-solvent
were then dosed into the flask and wrapped with an aluminum foil to prevent solvent
evaporation. The DSCG and solvent were constantly mixed using a 500-rpm magnetic bar at
room temperature (approx. 30 °C). The solvent flows over the surfaces of DSCG and seeps
through the pores during a designated extraction time. Subsequently, each mixture was
filtered through a filter paper (W. & R. Balston Ltd. Genuine Whatman No. 1) to separate the
defatted spent coffee grounds (DFSCG) and the miscella (the solution of coffee oil dissolved
in the solvent). The solvent was then separated from coffee oil by simple distillation process.
To ensure that no residual solvent remains, the oil is further heated at 104°C for 6 h." Details
of the experimental design for coffee oil extraction are described in Section II1.B.3. These

procedures were repeated for each of the four solvents.
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2. Analysis methods

Physical and chemical compositions of DSCG and DFSCG: carbon (C), hydrogen (H),
nitrogen (N), sulfur (S), and oxygen (O) were analyzed using CHNS-O analyzer (CE
Instruments Flash EA 1112 Series, Thermo Quest, Italy). The average particle size
distribution was estimated using laser particle size analyzer (LS 230, Coulter, USA). The
percentages of nutritional compositions: ash (using AOAC 942.05, gravimetric method),
protein (using AOAC 984.13, Kjeldahl method), and crude fiber (using ANKOM*® Fiber
Analyzers) were evaluated. The total sugar was tested using the Lane-Eynon general
volumetric method (AOAC 931.07). In the analytical methods of extracted oil, oil yield was
calculated using Eq. (1).2° The fatty acid profiles were analyzed using a gas chromatograph-
flame ionization detector (GC 6890, Hewlett Packard, USA). The higher heating value
(HHV) of the products: DSCG, DFSCG, oil, was measured using a calorific method (IKA ®
Calorimeter System C5000 control, Germany). A thin layer chromatograph with flame
ionization detection (TLC/FID, IATROSCAN MK-65, Mishubishi Kagahu Latron Inc.;
Japan) was used to analyze the purity of ester, triglyceride (TG), diglyceride (DG),
monoglyceride (MG), and free fatty acid (FFA) in the oil. The acid value (AV) of the oil was
analyzed using American Oil Chemists’ Society Official Method Cd 3a—63,*' and was

calculated using Eq. (2).%

Y=, /w,)x100 (1)

where Y (wt.%) is the coffee oil yield; W, (g) is the weight of extracted oil; and W, (g) is the

weight of DSCG.
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(mL of titrant )x (N of titrant )x 56.1
weight of sample in grams

(2)

Acid value =

where N is the normality of KOH.
3. Experimental design for oil extraction

Response surface methodology (RSM), with 5-level and 2-factor central composite
design (CCD), was used to optimize the coffee oil extraction. Multiple regression analysis
was employed to derive a second-order polynomial equation to predict the coffee oil yield
(Y). A general second-order polynomial equation is expressed, as shown in Eq. (3).” The two
independent variables: mass ratio of DSCG-to-solvent (R) and extraction time (7), were
studied first in the batch mode. Table Il shows the five-code-level of varying ranges of
independent variables, which are coded as -1.414, -1, 0, +1, and +1.414. The coded
independent variables were repeated for the four solvents: hexane, anhydrous ethanol,

hydrous ethanol, and methanol.

k k 5
Y= ﬂ“*'zlﬁ'x'*'.z,ﬂ"x'_ + 'Zl Zlﬁ”.\',.\’/‘i"g
i= i= i=1 j=i+

3)

where Y is the response (coffee oil yield); x; and x; are the uncoded independent variables
(mass ratio of DSCG-to-solvent and extraction time); Sy, fBi, fi, and f; are the intercept,
linear, quadratic, and interaction constant coefficients, respectively; & is the number of

variables; and ¢ is the error.
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III. RESULTS AND DISCUSSIONS

A. Experimental results

Fig. 1 shows the products: freshly brewed spent coffee grounds (SCG), dried spent
coffee grounds (DSCG), defatted spent coffee grounds (DFSCG), in the process. The
physical characteristic of DSCG is a very fine dark-brown powder. After oil extraction, the
color of DFSCG changed to pale brown. According to Table I, 21.43 wt.% and 20.44 wt.% of
crude fiber were evaluated in the DSCG and DFSCG, respectively. The protein content in
DSCG was 14.39 wt.% and was 14.80 wt.% in DFSCG; the protein in the latter is a little
higher because the residual oil in DSCG was removed, therefore, the protein nutrition for
animal feed will increase after oil extraction. The products of before- and after-oil-extraction:
DSCG and DFSCG had been traded as nutritional products for animal feed.** In the
consideration of the use of waste coffee grounds as a biomass energy resource and solid-fuel,
the remaining fuel energy density of wastes was studied. Approx. 23.1 MJ kg™ of HHV from
DSCG, and 20.4 from DFSCG, were derived. The HHV slightly reduced by approx. 11.65 %
after the oil in DSCG was extracted. The ash from SCG burning is a good ingredient for
fertilizers; its composition has high levels of calcium, phosphorous, and magnesium.”> The
HHV of both DSCG and DFSCG are similar to coal and are higher than wood and other
softwood biomass, (approx. 19 MJ.kg'l HHV).?® The ash contents of 1.59 wt.% (after DSCG
burning) and 1.86 wt.% (after DFSCG burning) were noted. These contents of ash are lower
than ashes from burning of woody biomasses such as tea waste, wood bark, wheat straw,
tobacco stalk, tobacco leaf, and olive husk.” The experimental design matrix and the
laboratory scale results using the four solvents: hexane, anhydrous ethanol, hydrous ethanol,

and methanol in this study are shown in Table IV.
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B. Predicted model and statistical analysis

Regression analyses were performed to fit the response models with the results of twelve
experiments using a multiple regression analysis in Microsoft Excel add-in tool, and are
detailed in Table IV. The results showed that the relationship between the coffee oil yield (Y)
and the two independent variables: mass ratio of DSCG-to-solvent (R), and extraction time
(T) were best obtained in a quadratic model for all the four solvents; expressed in Eq. (4). The
goodness of fit of this predicted model is defined by the coefficient of determination (R?), the
adjusted coefficient of determination (RzadeS(ed), the probability of error value (p-value), and
the coefficient values of the model, as listed in Table V. The p-value to test statistical
significance of each term in the quadratic model was obtained. The smallest p-value of each
term for the four solvents indicates the highest significant contribution. The lowest p-values
0f 0.00452, 0.02232, and 0.05888 occurred in the term f>R, when hexane, anhydrous ethanol,
and methanol, were used, respectively. Consequently, the mass ratio of DSCG-to-solvent is
significantly higher than the extraction time for these three solvents, whereas for hydrous
ethanol the lowest p-value of 0.00121 occurred in the term f,7. The analysis of variance

(ANOVA) of predicted model for the four solvents was shown in Table VI.

Y=B,+B,T+pB,R+B;T* + B, TR+ s R’ @

where Y is the coffee oil yield; R is the mass ratio of DSCG-to-solvent; 7 is the extraction

time; and f is the coefficient value.
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C. Contour plots

Figs. 2(a), 2(b), 2(c), and 2(d) show the relationship between the dependent and
independent variables, which are presented using contour plots when hexane, anhydrous

ethanol, hydrous ethanol, and methanol, were used, respectively.

D. Optimization and verification of coffee oil yield in laboratory-scale extraction

As mentioned in Section III.C, the 2-D contour plots (Fig. 2) were also plotted for oil
yield from the extraction process. Optimum conditions of the oil yield were evaluated using
Excel solver in Microsoft Excel add-in tool, and are shown in Table VII. The optimum
conditions for the four solvents obtained from the model were employed to verify the model
yield results with the actual experiment yield results. The oil yield results from the actual
experiment were 14.6822 %, 13.1260 %, 11.7980 %, and 7.5198 % when hexane, anhydrous

ethanol, hydrous ethanol, and methanol were used.

E. Consideration of solvent type for extraction of coffee oil

The highest oil yield from the extraction process is the prime consideration of selection
among the four solvents. The maximum oil yield of 14.6822 wt.% was achieved when using
hexane under optimal condition: 30.4 min of extraction time, and 22.5 g.g”" of mass ratio of
DSCG-to-solvent. The next highest oil yield of 13.1260 wt.% was obtained when anhydrous
ethanol was used. If the highest yield is the only interest then ethanol, either anhydrous or
hydrous, is a reasonable choice because their prices are approximately one-third of hexane

price, as shown in Table II. When environmental effects are considered, anhydrous- and
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hydrous-ethanol are favorable. Ethanol is organic and hence more environmentally friendly
than the toxic solvents as hexane and methanol, and it is mainly derived from crops
fermentation process. In Thailand, ethanol is mostly produced from cassavas and molasses
and it does not need to be imported. When residual water in ethanol is removed by molecular
sieve to improve its purity an incremental cost is incurred.”’” The cost of anhydrous ethanol
production is higher than hydrous ethanol, however, the oil yields from the former (13.1260
wt.% yield) and the latter (11.7980 wt.%) are not much different. Anhydrous ethanol thus is
not as cost-effective as hydrous ethanol in this context.

In the consideration of oil quality, free fatty acid (FFA) in oil is used as an index to
determine the quality of extracted oil. Unfortunately, more than 1 wt.% of FFA content in
the extracted oil was measured when either ethanol was used, as shown in Table VII. When
high FFA oil is transesteried to produce biodiesel, the yield and purity of ester will be
reduced by a saponification reaction.”®*’ The high FFA coffee oil, when ethanol is used,
should thus be reduced to less than 1 wt.% with an acid-catalyzed esterification, followed by
a base-catalyzed transesterification. This process will increase the operating time, chemical
cost, and wages. In this regards, lower than 1 wt.% FFA coffee oil was extracted from DSCG
when hexane was used. In summary, hexane should be chosen in terms of highest yield and
higher quality of extracted oil. The use of solvent hexane in a prototype scale extraction using

a circulation process is described in Section IILF.1.
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F. Oil extraction from SCG using prototype scale

1. Methods of oil extraction from SCG using prototype scale

Fig. 3 features the schematic diagram at prototype scale for coffee oil extraction
employing circulation process. The optimal condition of hexane from laboratory-scale results
was applied to prototype extraction. Approx. 1200 g DSCG was put into a stainless steel
sieve (approx. 45 L, equipped with #500 sieve with sieve size of 25 microns), which was
installed inside a cylindrical extraction tank 360 mm in diameter and 450 mm in height. The
lid of the tank was closed and locked. The fresh hexane from a solvent tank was then sprayed
onto the DSCG. The pump was turned on to circulate the hexane in the tank, and the timer
immediately initiated. Hexane was kept circulating through the sieve until completion of oil
extraction (30.4 min, as obtained from lab-scale optimization results.) The miscella was then
sucked from the bottom of the extraction tank into the distillation tank. Most DFSCG was
already filtered through the stainless steel sieve, and smaller particles suspended in the
miscella were further filtered through a 10-micron ceramic membrane. The clearer yellow
miscella was pumped into the distillation tank, which sits on a hot water tank, to separate the
solvent from the coffee oil by simple distillation method. In the solvent recovery process,
hexane vapor from the distillation process will be condensed using a water-cooled shell and

tube heat exchanger.

2. Results of oil extraction from DSCG using prototype scale

From lab-scale results, approx. 11.83 wt.% coffee oil yield can be extracted from DSCG

under the optimal condition: 30.4 min extraction time, and 22.5 g.g"' mass ratio of DSCG-to-
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hexane. Table VIII shows the compositions of fatty acid profile in the extracted coffee oil
with hexane. To investigate an alternative to the use of fresh hexane for each new extraction,
the authors have examined the effect of miscella reuse, coined here a repeated miscella (RM),
in the multiple extraction procedure. RM (the solution of accumulated coffee oil dissolved in
the miscella) was repeatedly used to extract oil from subsequent batches of fresh DSCG. Up
to six RM cycles were investigated. In Fig. 3, RM was drained from the bottom of the
extraction tank, DSCG was dumped, and fresh DSCG was then loaded. Coffee oil in the new
batch of DSCG was extracted with this RM. The concentration of oil in the RM thus
increases after each oil extraction. Fig. 4 shows the color intensity of the RM, increasing with
each cycle of extraction, meaning that the concentration of oil in the RM has incrementally
increased. The concentrated oil in the RM was finally separated using simple distillation. The
coffee oil per gram of miscella, in wt.%, in the first cycle through to the sixth were: 0.5491,
0.9947, 1.5097, 1.9784, 2.4587, and 2.9320. Obviously, viscosity of the RM also
incrementally increased and impeded filtering, but is still tolerable throughout. The etfort to
reuse the RM has been proved worthwhile; less hexane is needed and the energy to extract

the oil is reduced.

3. Material balance of prototype-scale of coffee oil extraction

Fig. 5 shows the material balance of the coffee oil extraction using circulation
process. The final products after distillation process are: coffee oil yield of 142 g (11.83
wt.%) and recovered hexane of 25656 g (Approx. 95 wt.% hexane can be recovered

when compared with the 27000 g of initial hexane content.)
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4. Scanning Electron Microscopy images

Fig. 6 shows the Scanning Electron Microscopy (SEM) images of DSCG and DFSCG.
DFSCG appears to have smoother surface than DSCG, as shown in Fig. 6b. Oil drops seemed
as if they were extracted from the inside of the DFSCG pores, these oils are taken toward the

exterior of the DFSCG particles under solvent extraction.

IV. CONCLUSIONS

Oil extracted from SCG can be used as a promising feedstock for renewable energy
resources. SCG as liquid- and solid-fuel can be used as a raw material for biodiesel
production and as a biomass source. In our laboratory-scale oil extraction, experimental
yields using hexane, anhydrous ethanol, hydrous ethanol and methanol were: 14.6822 wt.%,
13.1260 wt.% , 11.7980 wt.%, and 7.5198 wt.%, respectively. The best-performed hexane
solvent was selected to extract 1200 g DSCG in a prototype-scale extraction employing a
circulation process. An oil yield of 11.83 wt.% was extracted under optimal condition: 30.4
min extraction time and 22.5 g.g”' mass ratio of DSCG-to-hexane. The repeated miscella
(RM) can be reused to extract the oil in the fresh DSCG of subsequent batches extraction.
Therefore, hexane content and energy consumption decreased when RM was used in the

prototype-scale extraction using circulation process.

ACKNOWLEDGMENTS

This work was supported by the government budget of Prince of Songkla University,

Grant No. ENG570896S.

125



353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

REFERENCES

'R. W. Jenkins, N. E. Stageman, C. M. Fortune, and C. J. Chuck, Energy Fuels. 28, 1166—
1174 (2014).

’D. R. Vardon, B. R. Moser, W. Zheng, K. Witkin, R. L. Evangelista, T. J. Strathmann, K.
Rajagopalan, and B. K. Sharma, ACS. Sustain. Chem. Eng. 1, 1286—1294 (2013).

37. Al-Hamamre, S. Foerster, F. Hartmann, M. Kroger, and M. Kaltschmitt, Fuel 96, 70-76
(2012).

*N. S. Caetano, V. F. M. Silva, and T. M. Mata, Chem. Eng. Trans. 26, 267-272 (2012).

SR. Campos-Vega, G. Loarca-Pifia, H. Vergara-Castaiieda, and B. D. Oomah, Trends Food
Sci Technol. 45, 24-36 (2015).

® Nestlé, see http://www.nestle.com/media/newsandfeatures/nescate-75-years.

7 Nestlé, see http://www.nestle.com/csv/case-studies/allcasestudies/recycling-coffee-grounds-
fuel.

%S. I. Mussatto, E. M. S. Machado, S. Martins, and J. A. Teixeira, Food. Bioprocess. Technol.
4,661-672 (2011).

’R. A.Pfluger, Solid wastes: origin, collection, processing, and disposal (Wiley Interscience
Publishers, Toronto, 1975).

UK. Pongsiri, Int. J. Soc. Behav. Educ. Econ. Manage. 7, 1142-1145 (2013).

"'T. L. Hansen, S. G. Sommer, S. Gabriel, and T. H. Christensen, J. Environ. Qual. 35, 830—
836 (2006).

25, Speer, and 1. Kolling-Speer, Brazilian. J. Plant. Physiol. 18, 201-216 (2006).

13%. Li, V. Strezov, and T. Kan, J. Anal. Appl. Pyrolysis. 110, 79-87 (2014).

“N. S. Caetano, V. F. M. Silva, A. C. Melo, A. A. Martins, and T. M. Mata, Clean. Technol.

Environ. Policy. 16, 1423-1430 (2014).

126



378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

16

M. V. P. Rocha, L. J. B. L. de Matos, L. P. D. Lima, P. M. D. S. Figueiredo, I. L. Lucena,
F. A. N. Fernandes, and L. R. B. Gongalves, Bioresour. Technol. 167, 343-348 (2014).

'® Chemical Intelligence, see http://chemicalintelligence.com/public/S040714.pdf.

"Bank of Thailand, see
https://www.bot.or.th/Thai/MonetaryPolicy/NorthEastern/Doclib_CommodityQuater/Q
2 58 Ethanol.pdf.

"®Methanol Market Services Asia, see http://chemicalintelligence.com/public/S040714.pdf.

'"M. Abdullah, and A. B. Koc, Renew. Energy. 50, 965-970 (2013).

g, Obruca, S. Petrik, P. Benesova, Z. Svoboda, L. Eremka, and I. Marova, Appl. Microbiol.
Biotechnol. 98, 5883-5890 (2014).

2'AOCS, Official test method Cd 3a-63 for acid value. Am. Oil. Chem. Soc. Champaign.
(1998).

K. Somnuk, S. Niseng, and G. Prateepchaikul, Energy. Convers. Manag. 80, 374-381
(2014).

M. Ranic, M. Nikolic, M. Pavlovic, A. Buntic, A. Siler-Marinkovic, and S. Dimitrijevic-
Brankovic, J. Clean. Prod. 80, 69-79 (2014).

#G. M. Bouafou, A. Konan, V. Zannou-Tchoko, and S. Kati-Coulibally, Electron. J. Biol. 7,
74-80 (2011).

M. A. Silva, S. A. Nebra, M. J. M. Silva, and C. G. Sanchez, Biomass Bioenergy. 14, 457—
467 (1998).

*°A. Demirbas, Fuel 76, 431-434 (1997).

2, Wei-Cheng, S. Chung-The, L. Yu-Cheng, C. Wei-Jen, H. Wen-Luh, C. Shih-Hsien, and
C. Wei-Che, Appl. Energ. 135, 483-489 (2014).

K. Somnuk, P. Smithmaitrie, and G. Prateepchaikul, Energy. Convers. Manag. 68, 193—199

(2013).

127



403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

17

¥ A. Abbaszaadeh, B. Ghobadian, M. R. Omidkhah, G. Najafi, Energy. Convers. Manag. 63,

138-148 (2012).

128



428

429

430

431

432

433

434

435

436

437

438

439

TABLE I. Physical and chemical compositions of DSCG and DFSCG.

Property DSCG DFSCG
Average particle size (um) 237.2 216.2
Higher heating value, HHV (kJ.kg™") 23074.3 20386.0
Element (wt.%)
Carbon 52.95 48.34
Hydrogen 6.76 6.17
Nitrogen 2.10 2.39
Sulfur 0.12 0.09
Oxygen 38.07 43.01
Ash (wt.%) 1.59 1.86
Protein (wt.%) 14.39 14.80
Crude fiber (wt.%) 21.43 20.44
Total sugar (wt.%) 14.09 12.93
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TABLE II. Property and price of the four solvents used.
Property Hexane Anhydrous Hydrous Methanol

ethanol ethanol
Purity (%, min.) 29.7 (wt.%) 99.9 (vol.%) 95 (vol.%) 99.9 (wt.%)
Density @30°C (kg.L™") 0.664 0.784 0.800 0.782
Boiling point (°C) 62.40 78.50 78.15 64.70
Price (USD.kg™) 1.54%¢ 0.46 "7 041 ¥ 03718
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TABLE III. Coding of independent variables.
Coded independent variable
Independent variable
-1.414 -1 0 +1 +1.414
R : Mass ratio of DSCG-to-solvent (g.g™) 5.1 8 15 22 249
T : Extraction time (min) 0.2 6 20 34 39.8
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TABLE IV. Experimental design matrix and results for spent coffee grounds extraction.

Run R (g.g") T (min) Yield of coffee oil, ¥ (wt.%)
Hexane Anhydrous  Hydrous Methanol
ethanol ethanol

1 22.0 34.0 14.5700 12.9880 11.1277 8.1410
2 8.0 34.0 12.6580 11.3193 10.8025 4.4457
3 15:0 20.0 14.0237 12.3297 11.2660 6.4753
4 22.0 6.0 14.4017 11.8473 11.1230 7.0665
5 249 20.0 14.6323 12.8570 11.2040 6.5310
6 15.0 20.0 14.0283 12.3700 10.2660 6.3433
7 8.0 6.0 12.4070 10.4837 6.9047 4.0377
8 15.0 39.8 14.1125 12.6163 11.2660 4.3570
9 15.0 20.0 13.9887 12:2723 10.7830 6.2563
10 5.1 20.0 10.7623 9.3073 7.4247 2.9250
11 15.0 0.2 12.6600 9.7380 7.6667 6.6507
12 15.0 20.0 13.9773 12.2740 10.5970 6.1607
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TABLE V. Coefficient value and p-value for the predicted model.

Hexane Anhydrous ethanol ~ Hydrous ethanol ~ Methanol

Cvalue p-value Cvalue p-value  Cvalue p-value Cvalue p-value
o 8.130 0.000262  6.207 0.00307 -0.04543  0.972 0.853 0.707
i 0.06449 0.231 0.131 0.06835 0.327 0.00121  -0.000235  0.998
> 0.500 0.00452 0.423 0.02232 0.716 0.00173  0.538 0.05888
s -0.000981  0.295 -0.00222  0.07796 -0.00245  0.05072 -0.00102 0.578
n -0.000211  0.926 0.000778  0.778 -0.00993  0.00801 0.00170 0.713
Bs -0.01095 0.01856 -0.00984  0.05667 -0.01137  0.03030  -0.01202  0.135
R 0.927 0.903 0.951 0.819
Rgued 0.866 0.822 0910 0.668
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506  TABLE VI. ANOVA of predicted model.

Source SS MS Fy Fiignit DOF
For hexane

Regression 13.66 2.731 15.18 0.00237 5
Residual 1.079 0.180 6
LOF Error 1.077 0.359 559.8274 0.000128 3
Pure Error 0.00192 0.000642 3
Total 14.74 11

For anhydrous ethanol

Regression 14.95 2.990 11.14 0.00538 3
Residual 1.610 0.268 6
LOF Error 1.603 0.534 239.5678 0.000454 3
Pure Error 0.00669 0.00223 3
Total 16.56 11

For hydrous ethanol

Regression 29.02 5.803 23.26 0.000733 5
Residual 1.497 0.250 6
LOF Error 0.974 0.325 1.8623 0.311 3
Pure Error 0.523 0.174 3
Total 30.51 11

For methanol

Regression 20.24 4.048 5.424 0.03136 5
Residual 4.477 0.746 6
LOF Error 4.424 1.475 82.4973 0.00222 3

Pure Error 0.05362 0.01787 3
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Total

24.72
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TABLE VII. Optimal conditions and coffee oil composition of the four solvents.
Parameter and composition Hexane Anhydrous Hydrous Methanol

ethanol ethanol
Extraction time (min) 30.4 33.5 255 19.6
Mass ratio of DSCG-to-solvent (g.g") 22.5 22.8 20.3 23.8
Predicted oil yield 14.7517 13.2410 11.4224 7.2366
Verified oil yield 14.6822 13.1260 11.7980 7.5198
Free fatty acid (wt.%) 0.412 1.406 1.296 0.872
Triglyceride (wt.%) 81.156 9.562 9.487 8.044
Diglyceride (wt.%) 5.926 0.618 0.816 0.751
Monoglyceride (wt.%) 11.428 85.183 84.894 90.148
Ester (wt.%) 1.078 3.230 3.507 0.185
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TABLE VIII. Composition of fatty acid profile in the extracted coffee oil for using hexane.

Common name Fatty acid Content (wt.%)
Caprylic acid C8:0 0.01
Nonanoic acid C9:0 0.00
Capric acid C10:0 0.01
Lauric acid C12:0 0.02
Myristic acid Cl14:0 0.09
Pentadecanoic acid Cl15:0 0.00
Palmitic acid C16:0 34.44
Palmitoleic acid Clé6:1 0.04
Stearic acid C18:0 0.00
Oleic acid Cl18:1 7.74
Linoleic acid Cl18:2 43.12
Alpha linolenic acid C18:3 1.18
Arachidic acid C20:0 2.83
Paullinic acid C20:1 0.27
Behenic acid C22:0 0.59
Erucic acid C22:1 0.19
Lignoceric acid C24:0 0.29
Nervonic acid C24:1 0.01
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TABLE IX. Characterization of coffee oil extraction employing hexane.

27

Property Coftee oil
Mean molecular weight (g.mol™) 636.3
Free fatty acid (wt.%) 0.412
Triglyceride (wt.%) 81.156
Diglyceride (wt.%) 5.926
Monoglyceride (wt.%) 11.428
Ester (wt.%) 1.078
Higher heating value, HHV (kJ.kg™) 38377.3
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(a) (b) (c)
FIG. 1. Products in the process (a) freshly brewed spent coffee grounds, SCG, (b) dried spent

coffee grounds, DSCG, (c¢) defatted spent coffee grounds, DFSCG, after oil extraction.
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FIG. 2. Contour plots of mass ratio of DSCG-to-solvent and extraction time on the coffee

596

oil yield at 30 °C (a: hexane, b: anhydrous ethanol, ¢: hydrous ethanol, and d: methanol).
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FIG. 3. Schematic diagram of prototype-scale coffee oil extraction
(1: extraction tank, 2: stainless steel sieve, 3: solvent tank, 4: spray head, 5: circulating pump,
6: ceramic membrane filter, 7: distillation tank, 8: hot water tank, 9: heat source, 10: shell and

tube heat exchanger, and 11: coffee oil beaker).
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FIG. 4. Color intensity of miscella after coffee oil extraction after each cycle of extraction.
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FIG. 5. Material balance of coffee oil extraction.
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afmifufedvasaneidiorinnnnunddnvasndunsuuadn meatmirtusesvhazansds
Jumadenfimunyay Sslunszurunisataitudedviazats dnszurunisatawuuresuds-
yo4mMad (solid-liquid  extraction)  iA3esanadiefviarats fuareuszanldun faus
(percolation tank), i3 pduiavansnsadensTuAaIUN (counter-current multiple contract),
\A3BTTUUUSANSaY (filter-press leaching), §anau (agitator vessel), §3lnsn (thickeners), lelaau
1h (hydro cyclones) uay 13assuun (classifiers)

fiffusshugloinaosaimisiunniiviesvinavas wu dvstnslne weiivssna 136567
I Unmeyagunsalaiansaeunnsinandenudsusinediumudluguunadensuimiion e
venildianuunzuazuuudeiiios Ussnoude daundn 3 dau fie ndesadmiduandieniudn
wzairefuwiug (cashew nut shell liquid, CNSL) dmsuafinuweninduesnain CNSL saesavin
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avane La3eniUFAseInTa-Ang é’m%’umﬂﬁmﬂﬁﬁ%miwiwﬁwﬁumn CNSL  fiuansazaney
wnaldenlensenled ileusnnsneuiamsAinanasuseneuduiidussduseneulutiiuain cNsL
way Ln3eusnuaaIdseuImsiandmiuuenagnaulaadsueuafianesnanansazay (uyn
gunsalfiannsaldldfumsndnnsaouemianlussfugramnssuiididsnisndauiuamnn

avstimslve weil 2014 WWlamensvuiunsatmitusaransiisvansluiduanialagldmn
vhazaeneldnnudiuluannzgumpiivieaniodiniy Ingldfviazans lelnsvgeslsniueu
(hydro-fluorocarbons) uag/#3e Taiﬂiﬂaaiiwgaaii A5UBY (hydro-chlorofluorocarbons) way/
e Aaelsngealsn1iuau (chlorofluorocarbons) waw/v3e daiau (alkanes) waw/vie lelaada
iU (cyclo- alkanes) waw/vie lelasAnsusudises (hydrocarbon ethers) Wefiduansien was/
v3eansusznaumaniinauay vhnsataneldaudulutag 0 f 10 115 luannzgumgivewde
dningamgiivesta 20 fa 45 esmiwaldva Ttuneufidrdusznousie manau n1suen n13dn
KaTNNIAIULUY

avsunslne waeiivsznia 543 IWamensasmihtunntagudaivilihiuldun Taens

o - |

thudaiviunduliunsandeniinny Tusvanm 10-25% wdadlufviazareiidudituuas
afin dunnvesudeiinszmemegluiviasansfeivharaefiinntu luflgauendwhazansi
fiuhifu eenantaniiliazansuaziemirtunduAusenmnandiasaneiifithiuogiied T
UszﬁwﬁlﬁtfﬂmwamﬁﬂmLaﬁasmwmmﬁﬁumuwau (crude coffee oil) Fsarazunléanan
nsguIUNsAuEan uWAa TudvdUng USA156031 (stabilization of purified coffee oil) fe38n13

N9 9 LYY NIFANIANTA NITWENENT msnaumeﬂmazymmﬁ Iﬂaumumumsa‘m ildsunsduia
yoummnasmuidsiasiuesyyadasranusatisiinauiiafiosnmvssnisununuiavs
ANWUZLATAIULN N vhiug

nMsUszAvgildunsussiviiisatestunsruumsatabhifunnninnuuuunuudae
fuuiasmensmaesey fidnwauzdulsenouiiddy Ao yanzunsansosninnuw (7) 3
eagludsatmisiuniun (1) Tnelifumyuiu (10) Sudvhasmeruiausddviaras (2) uas
Fvhagangazivarunnnuiineegluganzunsansesninnum (7) deimmaziden 26 lunsou
iesnminnuniidnuugfunsaziden fnnnunvanasnIInyenzunsINgeININNUN (7) 1N
Wuluashlitamuau (10) Ranmsgaduld waniletesfunssumevesivinavaroanandsarin
thifunuvl (1) Fldgunsaifien (11) Serdndsarn

r-mmjmmmaamiﬂisawﬁﬁﬁa nssmumsaﬁﬂﬁwﬁ'umnmﬂmu,wLmumgmuﬁwﬁwﬁuﬂu
Fviararaugivateseu afathifuldanninnunlagldhduuuiviazats  (miscella) e
nszUuMIMIILivhavans RwssAvgiananseld miscella ausuievnanldatmituainnin
nurlildsruunanegseuuda vlianududureahduniunly miscella Wuundu Swwae

Ussndanasnuludunaunaunensvinasarenuvinsiununlunsaldsvinasaneaininsunileseu
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winhlundusvharaenduiuiuil Waaatauszana 510 widt Ihduniud 514 % Tag
thuti Fusgiuriinuasninnu eliavesivhazans wavvuineyninvasnINNIU 1wy
msUsyRvginanuuandniilénaanie nsruaumsatabiunnninnuuuumuay
uaznsth miscella nmsaathifundd 1 awgﬂLﬁaﬁwm'l‘ifaﬁm‘tfwﬁumnmnmuW’lmﬁé’aﬁmu
a8 30ULT sl dudureaifuniunly miscella iiiumntu Sstaeusendandaauly
‘uumaunamwnmma“maﬂumuumLLw'lunszﬁl%mw'lavmaanﬂmuwmia"uLLaathnaumm
azanenduduiiui Tnsagunisussavgildldszuunisatmirduuuuivinazatenyuiu dafah
azangazlvarurunnnuaniivdofidsantnunszuaunissaniun Ssiiadreadeiuisnise
nunFenein Ae thnmunkavdeniuduiesuldadugein wildihdoumriiunanunlugedinozld
ihnuranasduasesgareniud wilunszuaunsataituniudesddiyazaiitoarin
ihifusenunanninniu Jywiviaesninniunanie fvuineyniadnun lasiade 237.2
lunseu MendsniwdanuaniunszuiunisusliasBeatelddmsuranuan msiazih
guthsmunslflunszuaunmsataiduanmanuniedianuandenvesnisnsediiieme Fudu
yangunsansasnInmL (7) agdesiiauaziBemdnnin 26 luaseu ieliviilimnniundnivg

vgnaengenluNNITEUILNTATALUUFAYaYA1ETUIY

o

D

D

D

L 5

wansIsnsedunsatnthsununAnnIL
LLamnismumiaﬁ’ﬂfwﬁumnmnmLLwwaqmuﬁamfwﬁuﬂuﬁw‘hasawawgwma
50U

wansduUsEnaULEn TR Einhsunu
uansANduNUSsERIsdndlnemavesmnmuniuiviazae (nsdlldieniwudu
fvhavane) fidsaseusinamalduesthsiusnninnu (yield of coffee oil)

Uit 5 uansmuduiudsrrinsdiuuseuvesnislithiuluivinavans (miscella) urldarn
dhifusnmnmunugdsaieusinannududure shununly miscella

a a <

1 Y

cal  EaN cal  EaNl
., (=

. . =p. =
A W N -

ol

mumsﬂizmwgﬁ'lﬁl,auaLﬂéaaaﬁmﬁwﬁumnmnmwwaqmuﬁaaﬁwﬁuﬂuﬁaﬁwazmmwﬁw
Vangseu

n'auﬁ’]mnmLLwamﬁsﬂ‘?j'LfJufmqawaanszmumsaﬁ’mﬁﬂﬁu NAIINNINNILNAAKIY
nsrvrUNsTILETuarFesinInnurinauuemnuaniaana Lty Selduanaunus
nszuaunsatmirtuntuannnnuanldsfiuntsauusuntssiiuns auguil 1 lunns
Usrhugiianugnne fuandduguil 2 #o nssurunsatmituarnninmunbuunuudie
hifutusfvinavans (miscella) Mg maneseu

thmnnuusisldasluramzunsansasninniu (7) Sensegludsadattuniu (1) viin1sda
Aifsafmirunundegunsaiden (1) tietlestunissuvevesivhazans ddlduansdruuszney
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wenfuvasisainuniuannInnI MUFUR 2 naINTATENRIYINA1Y LU LBNIYY LeVuea %38
wnuea ldasluduiudnhazarsuasduivinduadaudviazats  (miscella) (3) oy

@

nsvuaunsainitununl Yandaravun udBalannd (31) Fadndefisumisiosadeuszuin
Fufusvaraeuasdufuiniuatnlusvhazans (3) furasdivhazany (2) fvhavaneas
Ineauniidadmizsiunun (1) Tnsarlunausuninnuiiegluganzunsanseannnun (7) ndaaan
Useeiwhazarsasniideatmisiuniun (1) suvuauds Jendatoun udBadannds ) (26)
uag (23) fv"aaﬂﬁv’ﬂus‘hu:mu'wiasiaﬁau’lmzuuaﬁ’mwumgmu Ltﬁatﬂmﬁuﬁqﬁwaxa'\wgmu (10)
Welvinviazang nauiiteadmisiuneludafinisiunu (1) feulunssuaunisiimyaness
ImammumumnmLLw?c'iaas“ﬂumzuma (7) Fredusavhavane (10) Wnanaaussana 5-10 wndt
alfiununyszina 514 lagtimiin Jusgfuriinueannnun sliavesiaviasans uas
uneynavaamnni Lusiu uazlduanmanisnaassmauduiussenindadiulaemiaves
manuusyhazane (nsalldienuliufiazans) idmadeusinaaldvenihsiuannnmu
(yield of coffee oil) lugufl 4 mevFanniaiadunszurumsatathifunun vhnnstadu (10) uae
Yoandaun wddainmsidends (26) way 24) Wadlusvhavate (10) diedudhiuush
azany (miscella) Mndeafimigunu (1) Wigufusviavane (3) du Weld miscella afin
Tsumnmnnungilunszuiumsatansely Taglisndudoni miscella lundunsndsiazans
ossnwansveaeudosdunuinnsld miscella wpatmirtiuanninniung Tnevihniswdey
mamunlmidanlunzunsinsesninnu (7). Adediussansnmlunisafmiaiuldusunaity
TndifsuAssiuiviazansuiavs dedanaldinnnsmuansmuduiusseninsduausouesnisly
miscella  watagusuiuuiuuiuanmanunild (ield)  awguit 5 ludumeunisly
miscella teatainniuaug Bunszurumsatadefiazats (miscella) ugmanesey ndn
wasunmnmunidanlugsadaiduniu (1) Tasdureunsivdsunnmunii Jangunsal
foarhdis (1) uduleriean Wganzunsinsasninnw (7) sanandaasunium (1) udhdah
nmanunluiladnluluszunsensaseninniun (7) sulual udi3anemzunsenges (7) asluludsana
Hafu (1) wdniudsiunileutunsumsataifussiinarliudadeduy wild miscella Tudafiv
Fviiazats (3) unudviazateuiand dsamnsald miscella afmiruannnnunlmilfidesy
uNIMUsEaNsNMNNsannIzanas n3e miscella Mé’amnmunszmunWiaﬁmmﬂuﬁwuauiauaﬁmﬁuq
fianuannsoatniiduanmanunldiviinauanas vieeatrinsaNangaduuIIN TeFuNY
S LRGRETGH swmG”mnumaanszmummanﬁw‘i'}azmaaanmnﬁ’n:ﬂ’umu,w Lﬁaaﬂwﬂﬁunumaa
nsrUIUMsanamemyinazany %ﬁaaqmlﬁamﬂﬁns:mumﬂwﬂé‘m’aﬁwazaw Faugranunsay
miscella unl¥afnisuldsuaunaneqseundaiu anududuvesihiuniunly miscella sy
wndu Fafuludunsunisuendinazatseenaininfiuniundienisndunuusssuan (simple
distillation) falindrnutiesnidlowSeuiisuiivsina miscella Avsinanvihfuusfivunanity
Tu miscella Younda lutuneunismsndusviazany 3uanTUnndniomun ududnnds @) (26)
(25) (12) Fedasslusiumiviesodeusewirsdatnthsunun (1) funlssnsesasiBonninniun
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(5) ud3udatusavhavane (10) et miscella andeanisiunun (1) luilniesnsesasiden
mnnunl (5) Fetfu miscella vt lnaruvieideulufiviosnsesasidenninniun (5) iileusnninnium
uanfy miscella fatfy miscella wé’amm«'m‘ﬁv’umaumsnsaaaué‘amﬂﬁﬁaun1ﬂmnmuWUum
#e waz miscella sxlvaasgisguladavhazany (29) et miscella Mndsafmiuuniun (1)
vuaud dosnsaaaeuitluiissnsesaziBenninniun (5) 6l miscella ogwialai drdfadl miscella
wisegrinistandianun wandand (30) way (12) 1anendssnennia (@) tiosnernieidng
\3BenIBtauBunnInnIuN (5) iuviesraileuseninadsdneinia (4) fuiisinsesazideaninniu
(5) ndnldausyute miscella sanamiAsesnsesazdeaninniu (5) udahu arlaidl miscella
widsluiaiesnsesaziBen (5) iin1sUamdanun ndsndusinidieglundedu (13) feouds
Awdou (16) unasnrdouldinannisinlug wu fevedu dw way Sameslni (Hudu 1o
vivgampiveninelunsiesinh (13) Tnsgumgiiveniavgnanemlsituniiesuih (13) ey
gaumgfives miscella Fsogludsguladninazans (29) aevihlimwinavanefiagaiien Tnelimanns
msusnansazaneiidgnazaneluansiisevenn uasdgnazaneiiaaiiiongenitdaviazateunn Tu
nszvumsguladhazans svhazaeasdsuaauznaneiiuleitrgviesaideussuinsdsgulasm
Yiavane (29) Auniesnauntuivihazate (6) Tasiespsmunivavyivihiudsuaanuzessaii
azargnlouveuvad m"’;ams’l*ﬁmfn*?iﬁqquﬁs?wniﬂwamumqﬁ’uﬁﬂmams‘lua%a‘laé’w‘h
avanewiloutuiniewaniasunnudoulaeialy n1smuuiuiniazats fie Yadtmun
uandanda (21) Fedndeimuwmiviedeideussnindufvimaeidu (18) fulumpnubmaedu
(19) twdaiusrgnisandufuvimdody (18) Feldumpuuthvaedu 19) Wedsluiedos
muwiugvhazats (6) udrlnaundumniidafvimeadu (18)  dhararsveanarniniaies
muwiuFiavats (6) avlnainuviedeideuseninaissmuuiuivinasans (6) fudaduday
azanendinnszuiumsnauy (17) dedivldrelunszuaunsada Tasvhnistandaiomun uas
Wandivieidion (22) Wetuivharaneseiuivhazans (27) dhddafusnharats (3) ndsan
nsvUILNTWeNdWaraseenaIn miscella w@iaAuud snmdnthiunuludiguladhazans
(29) Tganansathihifunureenanldlasnsilinnd (14) Adadslusunimiosodeusywinedsgu
Tadhvhavans (29) funwuzduriafuniun (28) lunsiifiuarusidudeamsdaadesamiiuan
nMnnuranansadseiudvdesliilnanumndiisumisduarswesds Tnelandataan
wazianaa (8) uag (9) warludiuvesmsiiuivhazarsanduiumyiazaiendsinnszuaums
ndu (17) Blunwurdun lglisiludesdmhludvliidaivivhazats (3) fausarldae
ms Yamdatavun wasilinnda (15) ednesvhazaradiuliinvuriun ludnvesdufivihmee
W (18) WAndanddeimdadu (20) ilessthnaeduiiadiofosnisianuazenduivimee
Wy

' '
aa a faial al
U

sanildnanliudlwidenislamensussivslnvauysel



152
L3 o v
i 6 Yesd I 7 wih

Y A a a

MRARGID]
1. nszvaunsadainiuainninnwwuunguumediiuludvitaratgiugivateseu

Usznausme “qﬂaﬁmfﬂﬁumnmnmuwuwm;mu fio yanzunsanseIMnUn (7) Farnsegluda
5 afeisuniun (1) vndhiinsesnnnunlivanasasenandsadniitu (1) Wiieeiigauie sl
MUY (10) LARNNTRARY ﬁquuﬁu(lo)awuwsaﬁuﬁﬁﬁwaxawUﬂﬁuﬁhauUséﬁéﬁwazawa(Z)uaxﬁd
vhazaneazlvasiunnmuninnseglugansunsensesninniu (7) waziitedesfunissamevasiin
vhagaeaanandsaimiiiuniu (1) 3ddgunsaiden (11) Gorthisar
Inefidnwaeiivy fie
10 1. nsgvaumsatmihiuanmnmuuuumsay aansoldfyiavasusmaeseu
2. nsvvaumsafmisfuanmanuuuumuiu annsanduiavharaenduiuld



153

YN 7 V99U T Wi
-a 4
nasUMsuseh
nszuIunsaiadiduannInnIwikuurguIuasiduluiarateIudIvate seu
Usznaume YeainuisiuanmnnuniuuvyuIu fie ganzunsensasninniun (7) densegludsanin
widunu (1) iudhinsesnmnniunlvivaraensenandadnuisiu (1) Tudesnaeielilvitumu
U (10) 1in1sgasiu Yunyuau (10) anansalusvhavaneruialsddniarate (2) wazdavi
azmaaﬂwamumnmLLWﬁaNaq”lwqmmLLnsqnsaamnmLLw (7) waziietasiun1sseimevassyi
o L 'ol L% = v e =3 v L
avangeenaNteanmiiunuv (1) Aldgunsaiden (11) deadiisarin



YN 1 98997 5 U

€ NINNUHER (AINTUE 11NN 60%)

A 4

154

e NTUIUNITAAAMNLTUYDININAMN  f---

4

0 ANATLWLLIAS

Y

aufigamall 104°C
Wuan 24 7l

0 nszUINMSARALNTuNUNIesvhazane

!

e WsuluaIvazany (miscella) wagnINNILHN

NILUIUNITNTDININNTLN

fYINaYaNY LU
WIVUDA LOVIUDA LAY
LENLYL

1%
U

mnnwnlaidivngiuy

99NN miscella

e isiuduiviazaneg (miscella)

ASTUIUNISNAUBENGIY

LINLYU

@ UNUN TN




155

v o v
U 2 UBIUIU 5 B

3 6
4
/T
24
30
3l 23 8 s
- 32
19
20 21
27\”
15 22

28




156

1

9 02620
2080 &

&
02020
020205

2020908 020909050;
00000202000 002000 0000000000 o000 ese o000
02020202020202000 000000000000 0080800000

o2e8egeesegosoeseseseseseoesese!

7

3 YOI 5 U

9N

n3

[
..-..o.f- -f.-..f --.-...-n..-o ..-N....c




1in)

v
°

ALY

o

v
°

FUpainTiunIw

USunaumal

14

12

10

YN 4 Y893 5 Wt

1:2

1:3

1:4 1:5 16

17

1:8

1:9

1:10

1:11 1112 1:13 1:14 1:15

dadnlasanavasninnuniuiivinazate (nSu:nsu)

&aN

[
=

q

157



Wazaulu miscella (wt.%)

°_ @

FUIUUINUNLL

0

35

3.0

2.5

2.0

1.5

1.0

0.5
0.0

91 5 893U 5 Wi

1

1 2 3 4

Iuusavlunisana (sau)

EaN

=

158



159

LOAATTINELNINAIIUNIIYINITN 5

losuAndenlmdnsiuusenindslssivguetlassnismetinussAvgsulm Uszdnl 2559

<a



160

AU

9 1% cood/ced ANUNNUANEATIUNTITELAITR

oo Waledu 9Ins Ni. eosoo

ob  WYMINMEY  bEEs

a ¢

Bes valdythnamudcssivgiiausvesuseialulasins “neiadnAndssshviiulm” Ussdl wees
Whsndauansinssamaiteiasandadulunu “Yulinuseivg” Ysednd veex
Sou as.ngy duiin
dvidunde  wwumeuiuBusunisthranulssiviAndudnsudauansdnssanslu “Juiinyseivg
Usedl beew

<y

nuft viuldauenanuusyiviandu o “wTasafairtuainninaunuuunyuaudae
ihifududihazaeIugmatsseu” Wevesusetalasims “setatnAndUsyiugiulmi” Jsednd
beex NndInUANENTIIMTITOWRIR (1) U

Tunsil 9. Idvhnsfisnsandndenluseuusn uasnsraeunmantidosiundaiiuin
rnaudsUsziviveminuduusslovduasiinuaiw 2v. Jwveldginuinanudssiviizeatanan
Whsmdauandlunu “Sulnussivg” Ussdl bees ssninatuil b - o quatius beee o Event Hall
102 -103 gudiinssamsuazmsuseyuluma nyavme Weliinuznssumsn Ieumsasn fansundnay
uaznuTiasely Tnefidavuanis il

o o v ¢

Huil 0 quAUS bee

I elb.oo U. - ev.00 U. - HUTEAvTHANUUTEAYEARAULURAAGS a1 Event Hall 102 -103
Audivssanisuaznsuszgalumn nganne

o o @ ¢
AUN v — & NUATNUD bd e

v a ° . i a v o
1981 @0.00 U. - @z.00 U. - HUsEAwUsEdgMURIAUNERSUBLATANSANAI LRI Y
INIIANTUAZNTINNT

v o o ¢

AUN b NUNTNUS bdda

A em.oo U. - ed.oo U. - HUsEANFINTREUA uarueusTa M LfianTIUNaNY

wiail 29, veanueyATIiiuSuMshRanulsERvgY Whsmdauansinssanislag
annsoaniiviaaneuiudusua 167 httpy/rrm.nrct.go.th Uag www.inventorday.nrct.go.th uazadeuuu
aeufubudius 1dnns E-mail : Goodidea.nrct@hotmail.com ngluiussnsii o Funay wees
minviulidwuunsuiuugun meluiuiitmun 29, vesygeiedviuaardvdlunisiwanuussivg
Anduhsindauansivssanisets 2. vernungandndreaiinlunsiunadissdauansivssenis
Tuadsifornmiseaududsin

= a - a &
FaGsunielusaiansan HaSUBVBUALNN miﬂﬂ'\au

YauansAuLiuie

F
(usamgiiygy Sseqsalide)
F94AVIBNNTAULNTIUNITINGUYRA
SAWITIVATTUNY LAVITNTAEATINANTITOUAIYIR
nasUssiiurauarIANsANNINTINY
3. o bébe beed® 7D blom, &mo N85 0 benx bocs
guszanuau : unansilan e E-mail : Goodidea.nrct@hotmail.com



161

AN IUATULNTTNNISITUNIYIR (19.)
NouUszneflodngil iaugauAINYB UM
five Bondn

e v L A ¢a wu
nliansnNalunIsuansua Ul sehvgAndu

Tuwan “Tulindsefug” Usednl wees szninoiufl w-o quaius wees
o gudtinssanisuaznIsuszgnluma ngomue
wU =l 5 o
(W]Uﬁq'lijﬂmufy"l ﬁ‘szqsmmﬂ)

$99EYIBNISAMENSTUNISITE U vIf
SNWITIINISUNY 1AYIBNISANNSSHNISITY UuR

oI e




=

v
Usganpiveu
Yo dna weiidey euan
shaUsERIMUNANYY 5610120023
AN1ANE
el Yora1Uu WdnSamsdnen
AFINTIUANERSU AR LMNAINYIDYAIVATUATUNT 2549
(AFMNIIULATDINA)

ANSANUWLNLWIHNAIIUY

162

Aty WWendn way na audn “mslduszlevdainninnuniiiondnduoinas

e

a

WAz O NADS” MIFINLNTITING JULUUNGIUMARIUETLTULisUsEmelne A

s

4-6 WeFIn1ey 2558 Unus1il Usewelng vt 338-341 (IR032)

P. Eawlex and K. Somnuk, “Optimization of Solid-to-Solvent Ratio and Time

for Oil Extraction Process from Spent Coffee Grounds Using Response Surface

Methodology,” ARPN J. Eng. Appl. Sci., vol. 10, no. 16, 2015.



	หน้าปก บทคัดย่อ กิตติกรรมประกาศ
	เนื้อหาวิทยานิพนธ์
	1 บทที่ 1
	1.1 บทนำต้นเรื่อง
	1.2 การตรวจเอกสาร
	1.2.1 ประวัติความเป็นมาของกาแฟ
	1.2.2 สถานการณ์การบริโภคกาแฟ
	1.2.3 เมล็ดกาแฟ
	1.2.4 การผลิตและการชงกาแฟ
	1.2.4.1 การผลิตเมล็ดกาแฟ
	1.2.4.2 การชงกาแฟด้วยวิธีเอสเพรสโซ

	1.2.5 ลักษณะกากกาแฟทางกายภาพและองค์ประกอบทางเคมี
	1.2.6 การใช้ประโยชน์กากกาแฟในปัจจุบัน
	1.2.7 งานวิจัยที่เกี่ยวข้องกับการใช้ประโยชน์จากกากกาแฟด้านการพัฒนาเป็นเชื้อเพลิง
	1.2.7.1 เผาไหม้โดยตรง
	1.2.7.2 เชื้อเพลิงอัดแท่งจากกากกาแฟ
	1.2.7.3 ไบโอเอทานอลจากกากกาแฟ
	1.2.7.4 ไบโอดีเซลจากน้ำมันกาแฟ

	1.2.8 การสกัดน้ำมันกากกาแฟ
	1.2.9 เทคโนโลยีเครื่องสกัด
	1.2.9.1 กระบวนการสถานะไม่คงที่ [38]
	1.2.9.1.1 การสัมผัสหลายครั้งด้วยกระแสสวนทาง [38]
	1.2.9.1.2 การชะแบบอัดกรอง [38]
	1.2.9.1.3 ถังกวน [38]

	1.2.9.2 กระบวนการสถานะคงที่ [38]
	1.2.9.2.1 ถังกวน (ประยุกต์ใช้แบบต่อเนื่อง) [38]
	1.2.9.2.2 ถังโกรก [38]
	1.2.9.2.3 ไซโคลนน้ำ [38]
	1.2.9.2.4 เครื่องจำแนก [38]
	1.2.9.2.5 ประเภทเครื่องสกัดเมล็ดพืช [38]
	1.2.9.2.6 โรโตเซล [38]
	1.2.9.2.7 เครื่องสกัดแบบเคนเนดี้ [38]
	1.2.9.2.8 เครื่องสกัดแบบโบลล์แมน [38]


	1.2.10 สรุปการตรวจเอกสาร
	1.2.10.1 ศักยภาพและแนวทางการวิจัยใช้ประโยชน์กากกาแฟ
	1.2.10.2 ตัวแปรที่มีผลต่อการสกัด


	1.3 วัตถุประสงค์
	1.3.1 เพื่อศึกษาตัวแปรที่มีผลต่อกระบวนการสกัดน้ำมันจากกากกาแฟเหลือทิ้งด้วยวิธีสกัดแบบของแข็ง-ของเหลวแบบกะ
	1.3.2 เพื่อสร้างเครื่องสกัดน้ำมันจากกากกาแฟเหลือทิ้ง

	1.4 ขอบเขตงานวิจัย
	1.4.1 ศึกษาตัวแปรอิสระที่ส่งผลต่อปริมาณผลได้จากการสกัดน้ำมันกาแฟ เช่น ประเภทของตัวทำละลาย อัตราส่วนตัวทำละลายต่อหนึ่งหน่วยมวลกากกาแฟแห้ง และ เวลาสกัดน้ำมัน
	1.4.2 ออกแบบและสร้างระบบสกัดน้ำมันจากกากกาแฟด้วยตัวทำละลายที่สามารถสกัดน้ำมันกาแฟได้ครั้งละ 150 มิลลิลิตร
	1.4.3 ระบบสกัดน้ำมันจากกากกาแฟสามารถกลั่นเพื่อแยกตัวทำละลายกลับคืนได้
	1.4.4 ศึกษาผลได้ผลิตภัณฑ์ต่อพลังงานที่ใช้ในกระบวนการ

	1.5 ประโยชน์ที่คาดว่าจะได้รับ
	1.5.1 สามารถทราบค่าพลังงานที่ได้จากผลิตภัณฑ์รวมทั้งหมด ต่อวัตถุดิบและพลังงานที่ใช้ เพื่อเป็นข้อมูลพื้นฐานในการวิเคราะห์ทางเศรษฐศาสตร์
	1.5.2 สามารถนำข้อมูลจากงานวิจัยเรื่องสภาวะที่เหมาะสมในการสกัดน้ำมันและหลักการออกแบบเครื่องสกัดน้ำมันจากกากกาแฟปรับใช้กับกากกาแฟที่เหลือทิ้งจากกระบวนการแปรรูปกาแฟของโรงงานขนาดใหญ่ ซึ่งมีกากกาแฟในปริมาณมากได้


	2 บทที่ 2
	2.1 การสกัดน้ำมัน
	2.1.1 การเจียว
	2.1.2 การหีบหรือการอัด
	2.1.3 การสกัดด้วยตัวทำละลาย
	2.1.3.1 ประเภทการสกัดด้วยตัวทำละลาย
	2.1.3.1.1 สารที่เป็นตัวถูกละลายและตัวทำละลายสถานะของเหลว
	2.1.3.1.2 สารที่เป็นตัวถูกละลายสถานะของแข็งตัวทำละลายสถานะของเหลว

	2.1.3.2 กลไกที่มีอิทธิพลต่อการละลาย
	2.1.3.2.1 การเกิดปฏิกิริยาทางเคมี
	2.1.3.2.2 การแพร่



	2.2 การกรองกากกาแฟ
	2.2.1 ความละเอียด
	2.2.2 การแยกขนาดด้วยตะแกรง
	2.2.3 ไมโครฟิลเตรชัน

	2.3 วิธีการพื้นผิวตอบสนอง
	2.3.1 วิธีการออกแบบการทดลอง

	2.4 การกลั่น
	2.4.1 ปัจจัยที่มีผลต่อจุดเดือดของของเหลว
	2.4.2 การกลั่นอย่างง่าย

	2.5 การวิเคราะห์ค่าทางเศรษฐศาสตร์เบื้องต้น

	3 บทที่ 3
	3.1 อุปกรณ์และสารเคมี
	3.1.1 วัตถุดิบ สารเคมี และอุปกรณ์ในการสกัดน้ำมัน
	3.1.1.1 วัตถุดิบ
	3.1.1.2 สารเคมีใช้ในกระบวนการสกัด
	3.1.1.2.1 เฮกเซนเกรดเชิงทางการค้า (29.7 wt.% commercial grade of hexane)
	3.1.1.2.2 เอทานอลปราศจากน้ำเกรดเชิงทางการค้า (99.9 wt.% commercial grade of anhydrous ethanol)
	3.1.1.2.3 เอทานอลเกรดเชิงทางการค้า (95 vol.% commercial grade of hydrous ethanol)
	3.1.1.2.4 เมทานอลเกรดเชิงทางการค้า (99.9 vol.% commercial grade of methanol)

	3.1.1.3 สารเคมีใช้ในกระบวนการวิเคราะห์
	3.1.1.3.1 โซเดียมไฮดรอกไซด์
	3.1.1.3.2 ไอโซโพรพานอล
	3.1.1.3.3 ฟีนอล์ฟทาลีน

	3.1.1.4 อุปกรณ์ในการสกัดน้ำมัน
	3.1.1.4.1 ขวดรูปชมพู่
	3.1.1.4.2 กรวยแก้ว
	3.1.1.4.3 บีกเกอร์
	3.1.1.4.4 เตาให้ความร้อนแบบมีเครื่องกวนด้วยแม่เหล็ก
	3.1.1.4.5 กระดาษกรอง Whatman เบอร์ 1 ความละเอียด 11 µm W. & R. Balston Ltd. Genuine
	3.1.1.4.6 เตาอบไฟฟ้า
	3.1.1.4.7 เครื่องชั่งดิจิตอล ทศนิยม 4 ตำแหน่ง ความละเอียด 0.0001 กรัม model: AL204 Mettler-Toledo
	3.1.1.4.8 แผ่นอลูมิเนียมฟลอยด์



	3.2 การวิเคราะห์องค์ประกอบในกากกาแฟและน้ำมันกาแฟ
	3.3 ขั้นตอนการทดลองแบบกะในระดับห้องปฎิบัติการ
	3.3.1 การวางแผนการทดลอง
	3.3.2 การหาสภาวะที่เหมาะสมในการสกัด
	3.3.3 การหารูปแบบสมการทำนายความสัมพันธ์
	3.3.4 การสกัดซ้ำด้วยตัวทำละลายวนซ้ำ

	3.4 การสกัดน้ำมันจากกากกาแฟด้วยเครื่องสกัดแบบหมุนวน

	4 บทที่ 4
	4.1 สภาวะที่เหมาะสมในการสกัดน้ำมันจากกากกาแฟ
	4.2 ผลการทดสอบเครื่องสกัดน้ำมันกาแฟแบบหมุนวน
	4.3 ผลการสกัดน้ำมันจากกากกาแฟด้วยตัวทำละลายวนซ้ำด้วยเครื่องสกัดแบบหมุนวน
	4.4 ผลทดสอบตัวอย่างกากกาแฟและน้ำมันน้ำมันสกัดจากกากกาแฟ
	4.5 การวิเคราะห์ค่าทางเศรษฐศาสตร์เบื้องต้น

	5 บทที่ 5
	5.1 บทสรุป
	5.2 ข้อเสนอแนะ

	6 บรรณานุกรม
	7 ภาคผนวก
	7.1 ภาคผนวก ก (ขั้นตอนการออกแบบแผนการทดลอง)
	7.2 ภาคผนวก ข (แบบเครื่องสกัดน้ำมันแบบหมุนวน)
	7.3 ภาคผนวก ค (การเผยแพร่ผลงานทางวิชาการเกี่ยวกับการตรวจเอกสาร)
	7.4 ภาคผนวก ง (การเผยแพร่ผลงานทางวิชาการเกี่ยวกับการทดลองเบื้องต้น)
	7.5 ภาคผนวก จ (การเผยแพร่ผลงานทางวิชาการเกี่ยวกับการหาสภาวะที่เหมาะสมของการสกัดน้ำมัน แบบกะและด้วยเครื่องสกัดแบบหมุนวน)

	8 ประวัติผู้เขียน


