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Produce by-product from coffee fermentation states value-added material from coffee
fermentation that can create sustainability for the coffee industry. The coffee cherry contains more
than 31.30% nitrogen and 21.40% fiber which is considered the primary raw material for the
development of two high value-added products : (1) Fungicide, with their own enzyme ability of
pectin methyl esterase up to 70.7 mU, can help inhibit the growth of fungi. Collectoticum
gleosporiodes, the cause of anthracnose in coffee plant. When apply the fermented coffee cherry
from Aspereillus niger PRO17 only 20% of the extracts were able to inhibit the infection in the
laboratory and greenhouse conditions of the butterfly period coffee. In addition, if the coffee cherry is
fermented by yeast Streptococcus spp. can be developed into (2) Aromat syrup from 400 - 600 um
coffee cherries and larger size than 600 pm will develop into coffee peel flour. Coffee fermented by-
products increase the value-added of coffee processing from actual coffee waste more than 3 0%,
which cause significant effect to the coffee production society and the surrounding of air-pollution,
water pollution as well as the unpleasant odor. In addition, coffee mucilage and coffee wastewater
contain high pectin with the effluent from coffee processing rate of 1 ton of coffee per 20,408 liters of
water. The reutilization of coffee pectin extracted was tried for fruit coating, it can effectively increase
the value of the pectin from the coffee. This research aims to create sustainable alternatives that can
generate income and reduce environmental pollution and promote environmentally friendly coffee
production to rend the sustainability for coffee farmer answering the pioneer of circular-green
agriculture processing.

Keywords: Coffee Cherry, Coffee Mucilage, Coffee wastewater, Aromat, Biofungicide
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Roasting Coffee

1
1 1

Coffee SPENT

Figure 1 The life cycle of coffee products and residues generation steps (red boxes indicate

major steps of coffee by-products)
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1.1 nuw aesus Coffea arabica cv. Chiangmai 80 a7 7 filuaneviugniunluugih
Uugmiugludsemalngainniawmilewasaudidoinunsvais Jamindedin

12 L%aﬁgauﬁé Saccharomyces spp. Strain BAwine AnLdanlagnsuignIsinens

1.3 §1n599815 Semi-phase microextraction (SPME) lunnsd Fadunou liquid-liquid
extraction M1uedle Visiprep (Supelco) IngiUSaurisusening fansed Semi-phase extraction (SPE)
C18 silicate (ENVI-18, 0.5¢, 6ml) wag Copolymer Styrene-divinylbenzene (PS-DVB, Bond Elut PPL,
0.2¢, 3 ml) neldinihazanafeniuansainlaeldninauslunistududinges 0.5 mL.min’
2. d191A%

2.1 answaiiiieldlunismaaaunsmin lun

(1) Tartaric Acid

(2) Diammonium sulfate
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(3) Lactic acid
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3.1 High Performance Liquid Chromatography - Ultraviolet #ifiaunusfuusafusn(@e

Shimadzu LC-6A), %13awfia Manual injection fiwusuSuadad 20 lulasans, minaeduvsin C18
Silica, Ao duU¥TA C18 Silica (EnviroSep-PP-PAH (EPA Method 610) 125 x 4.6 mm), #3615333U
deyeyradila DAD (Shimadzu SPD—SAV),Lﬂ%@ﬂLLUENa (iu SPD-SAV) uaglusunsuuuswa (LCanalysis),
AILEI783 Mobile Phase 7 0.8 mLmin wagldinalunisinsiest 30 wiil

3.2 Gas Chromatography - Mass spectrometry NHUnLUSAULTIAUA (B Perkins Elmers),

Wdavdla Manual injection iwusUSunaidai 20 lulasdns, Aeduiiada 5MS Elite (EnviroSep-PP-PAH
(EPA Method 610) 125 x 4.6 mm), #5733 udayayrausdn MS (Shimadzu),w3eauusua (31 SPD-SAV)
wazlusunsuuusna (MS analyser), A211159989 Mobile Phase 71 0.8 mL.min™ wazldinanlunis
AATgh 30 udl ilensaaduduaslvindulunuianniswiin

3.3 Spectroscopy Ultraviolet

3.4 Bioreacter 8% Infors HT ﬁﬁiﬂmﬂiuﬂ’mﬂm Eve

3.5 IpfediiATgiayndidnnsetind fu £251 Waunlasuisnialiuszmalne U 2554
4. n?ilummgﬁu Scent of Wine (Nez du cafe) 3nU3%m Aromes de VIN Usgnaulusg 54 ndundnlu
nuriieldlunistinuazneaay Cup tasting
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1. AnwpunmuazanauRivestdeniuudaniuilaenisinsiginianienmuasdiulssnay
maafiuaznsasuulaiseninansninLuULs (Solid-state fermentation) Ingsjaitfunmiamig
915 Juman
2. AnwUTinansndun3silsnnnsminudensiumdnniu Tasinsedlasunlansfluseiugsly
WasnvunuianzunfuazngiiaaInmImiinLu UL
UWKUNNSNARDY TLHUASVIAGEILUY CRD 3 N35335 5 41
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n35u359 1 lildeadunsd
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NISUAN 2 WRURAUNSY Aspergillus niger (Isinanasie)
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NN 3 LALWRIAUNIE Streptococcus spp.
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n1stuiindoya USinaimasanun (Glucose, Fructose), Usinaunsamanun (Total Acids), Aanmt
n3A-A19(pH), Usinaansunuiiy, Ysunanseezdly, UsununsaaselsaidatazUsunuaisdmes

3. ﬁﬂmqmauﬁ’mumsé’ug’u%}aﬁ (Biofungicide) Tuguunuuansadnainildensiumanniw
(Ssnuenviuudaniunl 100 Alansusewaude 20 ppm) nadeuAuaNTANSIAR Clear-zone Tun1s
Fufudoanansatalaenadeunsiudatesn Colletotrichum sleosporoides #2838 Broth Dilution
Technique
WHUNITNABBY ILNUNITNARBIRUUduaNYTal (completely randomized design : CRD) & 7 #i15u
N1INAADIIIUIU 5 61?1 uandlu Table 1

Table 1 Experimental design of using cherry pod extract to test in inhibition of Collectotrichum

gleosporiodes by Broth dilution technique

N33UIBN3 USunaansainanidoniuwdaniun (%) UINg
NARDY shasniy wiindl 30 Ju wiingt 60 Fu (%)

1 T, - ; 100

2 T, 20 : 80

3 T, 40 : 60

a4 Ty 60 - 40

5 T, - 20 80

6 T, - 40 60

7 T, - 60 a0

3.1 nawdeuansatadnsuldlunismaass Tnsthaisadnunduwiod 6,000 seu/and Hu
nan 15 il wdansesienszaensenUad 0 ndtantutnnsesiie syringe filter vuIA 0.45 uas
0.22 um iteliiansarnlasnde
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afaflFanmsvsinudenvumdanuniivindunaiuiu 30 waz 60 Ju 2ntutie s PDA fiua
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3.3 n1snadeuUszansainnisdudaiesn Colletotrichum gleosporoides SEGRED

Colletotrichum gleosporoides el PDA plate Wunan 7 Tu lngld Cork border g uinasu
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X 100

newmn: A; ldushugudnandlalaiveadesmasylusiiFumuay
B; lusugudnandlalaivedtiosmasyuuiminemnsildlunisnaaey

n1stuiindaya AuaudRnsdududesn (Clear-zone distance), USunuiwadiinie wazanuyugnis

a ~ X
WUAYULUAININNIYATWLALNILANUDIL DI

4. Fnwiniswannsadnsnainideniumbnleeldiieqdumsd Streptococcus spp.hagtiianaiun
2 a o ¢ sl
1AT03UT958 Aromat kaEnanSMeIuLNeTS
WAUNISNAABY 1NUNUNITVAABILUU CRD 911U 4 N335 3 91
331357 1 gaeuay Lidiuiide
ad a o A a a6 . v
NFINIGN 2 Iaw’sl,‘uaﬁ;au‘l/liﬂ Streptococcus lactis 3888y 2
n351357 3 ldeqdunsd Streptococcus thermophilus Seway 2
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N351259 4 Taieadunid Streptococcus faecium Soeaz 2
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1. wamsuszlivaundananasgldainnszuaunIsudnniun nanaseliainnszuiuns
winnNaudanszuIuMsaInAUkUsesnidu 3 nandnlaun

1.1 Waeniuwdaniun (Cherry)

NaNsANYIAUAMYBIUFonuAAN WA Table 2 AiflUTnafosay 60 voINaHAANILH
wudvsnaresalsusznavlulasiauannnisieosay 31.30 ausasUiuia Crude fiber Sovag 21.40
Usinasihanasaadsesay 12.40 Wsiludesay 10.10 unuilu 7.80 uavasusznousuy Sovay 17

ausanlundndundndudiomisiagianisudadudugssaiiieinarsngululasiaundeguin

a1 % a . o (% [ a (Y] 6
ABUAUDIAABDNITUNUN WaTAITUNUUULAY Reducing Sugar mmsamlﬂwwmLiJummuemiuwaa

Naaaula

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

Contents Proportions (%)
Nitrogen-free extract 31.30
Crude fiber 21.40
Reducing sugars 12.40
Crude protein 10.10
Tannins 7.80
Pectin substances 6.50
Chlorogenic acid 2.60
Caffeine 2.30
Nonreducing sugar 2.00
Ash 1.50
Ether extract 0.48
Total caffeic acid 1.60

1.2 Wennun (Mucilage)
= & Ay v o a a = v I |
- wan1sAnwannunAlaann1sudnlaedusunaiiesiosay 10 999UaANILNNUIINL

Table3 fiUsunauhigiunniiundudiulseneviisiesay 84.20 uaslusfiuiosaz 8.00 uazansuszneou

dufewar 7.8 lnenuinaruisadullennunluldusslevilanagsuuuulaganzUsualusiuag

v '
o =

A A £ Id A 14 a a [ (3
Uimanndslulienniwnauisanaunduaisadsunalilamsiziiarsinaduilussauseneu

yananddanusaininleluwaunduasateuasiaslainszdluseiu

Table 3 Average ratio of composition of coffee mucilage in Thai Coffee



Contents Proportions (%)
Water 84.20
Protein 8.00
Glucose (reducing) 2.50
Sucrose (nonreducing) 1.60
Pectin 1.00
Ash 1.60

1.3 ddeannisvsinniul (Waste water)

HANFIATIEA Table 4 nuvimnanhiflflunssuiunisuussunmunainmsidon ninuazdns
aidanuniiUsinasnnlaeUmunun 49 nfuagliiilunsulssuil 1803 Sonnudaniu 1 fuagld
1hlun1suussugeds 20,408 ans Taeidothihildlunisvsinnuainsagnuamnuidanudunsn

sinsoeffl 4.27 - 4.40 f1 COD agil 9,270 - 14,800 A1 BOD jit 472 - 551 Tnemuirlutindeainnis

1
o w 1

Mﬁﬂﬂ’]LLWﬁ?Mﬁ’e}Lﬁ&JUﬁUNW]iﬁﬁusﬂm ISI standards wuingaunIdaunsalaseyiulalanuasiifingd
suiindeldineg uregrelsnudmuaisuseneudidyuinueldun Unrefined pectin Afu3uias
dietary fiber g¢ w3oansd1fya1n antioxidant ngal flavonoids 7ANIINNSEUIUNS deesterified Vs
dennundaiunisifuimdnuauiudions adunszurumsiivunzanlunsiluimundesemy

NANAN LA

Table 4 Average ratio of characteristics of coffee fermented wastewater

Parameter Value

pH 4.27 - 4.40
COD, mg/ml 9,270 - 14,800
BOD @ 27 C, mg/L 427 - 551
Ammonia nitrogen, mg/L a2 - 57
Nitrate nitrogen, mg/L 32 -48
Phosphorus, mg/L 60 - 90
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2. msdnddendfuuaaniunlulduselov

2.1 wanmaaunsvdniu Solid state fermentation %aﬂLﬂﬁaﬂﬁmLuﬁmmLLW

NANISVIAABUNITANYINISUIINWUL Solid state fermentation (SSF) vasUdanviumdnniunlag
1¥augeulagnisnageunaves Mycelium activity way Sporulation Yetes1duwuy Aspergillus
niger strain PRO17 #ilaindnansfiunglitadeiidmageanvantes (static condition) Ingldin1siiusia
delunagfusenisasyivlmvesduleluudenvuudanunlaslugamuauillifimafiuidose
fununmaadyiiulaveadedisosay 32 i 9lusfl 12 uavgeaniifesay 75 ndwndalusdi 33 Fadle
Wisuisuunmaifuidosaiiomuing bonded particle agiialaiiiuosay 33 lnauSnsiandifa

¥

agTouay 2 doTulagySuia bonded particle agliliiufovay 30 nasanszutunsudn SSF lagly

1 Y

USuauinntunduyinlian bonded particle anasmuaaudiinadalaunonIsudnuy SSF Huledlay

=

HANINAARUUSI bonded particle Waduannsvdni 48 dlusegTovay 28.7+1.2 vaueiusui
49aAURINISIANTeNAaDUT 8.0 sioTullaiiesiasay 8.9+0.2 lnsllnuuanA1eiun1atfoged
Hod1Aey (0<0.05) Fnan1vageuidiwalinsiuisusunalie A. niger strain PRO17 MinlUldnaasu

Tunsndnuuy SSF Audenuwdaniunlilausedniningegn wonaintinudndn PME activity J67
Aanssueulesiil 47 mU senfuvesingAulaediusunaniindundy 70.7 mU (Figure 2) WafinsiiuLie
oA Y @& | aa = ] a o o A ° v ¢ a X A a a
rovladnandliiuinisnisildmadonsndnaisdrdgiensiluldusslevimutuegnelivss@nsam
Ia Taewlievitnasfnwinisndnuuy SSF lussuvlauazlutenarssnsdanuiiUiuinveuia
asuaulaeenledliiinadenisdudinsdvlavesdosuaraiusatnlunaaeunisndnalsnaiunse
luldusslovisiailiesld Inslinnsnaaeudeiioddunisinlundaaseddalu (1) guamnssueims
oA n1snERnTATRINKATANTUTINAIEINTT (2) N1SHERNTABUNIEINeNSEugINsasLAulnve e

snalsatunkn
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Figure 2 Bonded particle fraction during the solid-state fermentation of coffee pulp by A. niger
strain PRO17 in bottle reactors. After a static period of 12 hours, four different daily frequencies

were applied: 0.00, 2.00, 2.70, 4.00, and 8.00 day’1

2.2 naveansnadeuntsudnUSunaansddaluwdaniunlaenisinsgidiewsedas
ulansilussiugsludeniuniunanzunfuazanzitinainnsusinuuuuisnudn Table 5 wand
U'%mmﬁuaﬂﬂi@ﬁum%'éﬂ%mmmﬂﬁLﬁmmﬂmimaawﬁﬂiﬂm%@mju Streptococcus spp. YU
111171 5.26 mg/L IailuTuainsa chlorogenic acid wag cafeic acid é’aa?ﬁquamﬂﬁﬁud%ﬂﬁaﬂﬁ:u
waanundidnenmlunisiwundundndusinsngs Tneldido Streptococcus spp. drumsnaaaulng
Aspergillus niger WU'jﬂﬁmiaﬁ’mmuﬁuqqLLazU%mmﬂimﬁum%éqﬂL°tiuLﬁmﬁ’u%aﬁmmmmaaﬁﬂﬂ

v 5 X “ vy
NaaauNSTUdNTanalsAluniyle
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Table 5 Chemical compounds content of Cherry pod solution after solid state fermentation

trial for 60 days using different microbial sources.

Parameter Control Aspergillus niger | Streptococcus spp.
Nitrogen-free extract (%) 25.63 8.25 16.36
Total Acid Content (mg/) 1.26 4.12 5.26
Crude protein (%) 8.10 7.36 7.21
Tannins (Ethanol index) 12,300 18,940 16,520
Pectin substances (DE%) 62.5 63.6 59.6
Chlorogenic acid (ug/\) 2.90 3.69 3.58
Caffeine (%) 2.12 2.35 4.31
Reducing sugars (%) 6.40 4.25 4.36
Non-reducing sugar (%) 1.20 0.36 0.25
Ether extract (%) 0.12 0.39 0.69

2.3 wamnegeuRnanTRlun13§ugues (Biofungicide) lugUuuvansadaeniueaanniuden
14 [ va a v & &
Vuaanul nuran1sageuAuauUAn1siin Clear-zone My Table 6 -7 lun1sdududesnainans
afalneld Aspergillus Niger niinluguuuy Solid state fermentation wazxani1sdugudasilu

WoslfjuRn1seu Figure 3 laensldansainaniuionniuvlites 40%

Table 6 Colony diameter of Colletotrichum gleosporoides (in centrimetre) during 4 to 7 days

of experiment

Days of Experiment

Treatment a4 5 6 7
T, 4.92 6.16 7.94 8.42
T, 1.42 2.28 3.34 4.30
Ts 0.00 0.00 0.00 0.00
Tq 0.00 0.00 0.00 0.00
Ts 0.00 0.00 0.00 0.00
Ts 0.00 0.00 0.00 0.00
T, 0.00 0.00 0.00 0.00
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Table 7 Inhibition value of Colletotrichum gleosporoides (in percentage) during 4 to 7 days of

experiment
Day of Experiment
Treatment 4 5 6 7
T, 0.00 0.00 0.00 0.00
T, 70.94 62.95 57.83 48.75
Ts 100 100 100 100
Ta 100 100 100 100
Ts 100 100 100 100
Ts 100 100 100 100
T7 100 100 100 100

Control 40% of Coffee Cherry extract
Figure 3 Growth of Colletotrichum gleosporoides in control compared to 40% CPE

(Cherry Pod Extract) in NA for 30 days of experiment
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nslansadadildannaminidenduudanulunisdudednsmnisasgdulaventon
Colletotrichum gleosporoides Wid1as dunaldainnismaassivinnisnanaisadadildainnisndn
LﬂaaﬂﬁmmgﬂmLLW@QI‘UIUEJ’]WHL%ENL%@ PDA (Potato dextrose agar) vdaaniusinismizsdsdon
Colletotrichum gleosporoides \Juszaziian 1 §Uawi wuiisufinauansadaiildainnisudndden
udanuasiulugmadsaie PDA 7 40 wWedidud Sowaduriugudnandleladvondesidindg
fvuadnnindledisuiuiuaiuay uagiuiinauasataildainmsvinidenvusdanuasiuly
pIWNTALTe PDA 71 40 waz60 Wosidusd limuidulowaslalatvssdon fufuuansiansadafildan
nsnindenuudanuniinuannsalunisduddnaninaiyivlavendon Colletotrichum

gleosporoides AvinlAnlsanouLnsaluals

aanuasansn CPE (Cherry Pod Extract) 40% Liganwuasann

Figure 2 Application on nursery for young coffee plant (butterfly state) using 40% of CPE

and control replication with in prior infected by Colletotrichum gleosporoides

21NNSWUAITARR CPE (Cherry Pod Extract) fi¥esay 40 Tuduniunszeslufidoaulussuy
T5930uuasi1n13 inoculation Wes1 Colletotrichum sleosporoides Tifuran 1 ailaenismiu
wunsuanseanveslsanoulnialudluganiuauiisosay 83.33 anngudieeng 30 fu (30:30) lnedl
AmNLUANA1IaRRDE1eTTTaddyAisedu 0.01 (pvalue <0.01) laswuinansarin CPE aansamun

=

maialsaneulnsalualusuniunszesUniidelalaefiniudndudeuirluneaeulunUamegeuiiie
nstudunanisinBidanluldusslevd lavarsada CPE diidununisuaanaimeldingavlundas
NyAsNINmMaeNRINMIswUTIUN v lvliAldaneLiiean1sudniie Aspergillus niger NAUNUNTT

NARIIBNINARNAY 5 UIMWIBNSvIINKawass 500 Alansu wialilaansana 50 ans
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2.4 Fnwinswaansndn3nanniudeniuwdelneldideqdunsd Streptococcus spp.
2.4.1 nsvagaun1siuiaUdoniumdnniul Cherry Tneanisldnszuiunisminuia (sun-dryer
method) 10uaan 14 FuaumnudumIng 8% uarasiadeunmauiAnIaLal

Table 8 Physiology parameter of Cherry pods composition of Coffea Arabica

Parameter Fresh Cherry pod Dry Cherry pod
Sugar content (Brix) 15.5 3.3

pH 6.64 4.28

Total acid content 0.08% 0.22%

L* (Lightness) 27.89 16.80

a (Red & Green color) 7.82 10.05

B (Yellow & Blue color) - 8.09 -4.12
Moisture content 50% 8%

Fresh Cherry pod Dry Cherry pod Grind Cherry pod (GCP)

Figure 3 Cherry pod transformation for on-purpose utilization on food products using

sun-drying method (14 days of exposed sun-dry)

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

Figure 4 Cherry pod classification for on-purpose utilization separated by grind size
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2.4.2 NISNAFBUNISHARNSATASNIASNITULTNLLU UL

1.2
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Total Acid Content (in Citric value mg/I)
o
[#)]

"—#— Control =S lactis-N
==le=S_lactis-S ===S5.Thermophilus-N
=== S. Thermophilus-S 1-5' Faecium-N

0 1 2 3 4 5 6 7
Fermentation period (day)

Figure 5 Citric acid production from solid state fermentation trial of Streptococcus spp. (S.
lactis, S. Thermophillus, S. Faecium) with fresh cherry pod autoclaved (S) and non-

autoclaved(N) in total acid content.

2.4.3 M3imuINandugiugesa (aromat) anwdeniuwmaaniunlunisvedeundnndn S

e lneaunsauUsilaveang GCP iy 3 vliamunmsihlUldleensazBendiande
® GCP400 Mansairluyigeausesalanainumiu 35 aaru3ndiilosaniiusuna Sucrose g9
Ineudlonauiu Glucose Syrup HiatinUSuNaaaansaimwgeaUsesals |
= o < £4 ! 1Y
e GCP600 Mausatlilunsdseusasanmisialaeiiuemsnn lnensusaudasaiuayulng

waz Sy

o yunlngjanil GGCP Nilunauiuududnldlundndueiunesslaeaiunsatlunaunuwlaand

g1

dlenagaunisinusnendl 30 Yuluge HOPE wW3isuiiiauiuge PE wui1ge HDPE a@wnsadnens
nsfiusnwne GCP lalunian 30 Tulaganunsaniuaud AuduLasnauresals Ethanone (Ndunald)

Tunnsnaaeuns GCP 714 3 v¥iin
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YYD GCP 973 size
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GCP Aromat flavoring

GCP Aromat powder
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Table 9 Result of GCP storage explained in colors, moisture content and Ethanone (Fruity

flavor) in HDPE packaging

GCP Time L* a b Moisture Ethanone (%)
Control 0 16.39+0.38a 10.38+1.76c - 4.41+0.08b 8% 15.45
GCP400 10 13.49+1.96ab 8.67+0.27b - 2.41£0.08b 14% 5.02
20 12.17+0.26ab 8.67+0.27b 1.66+0.05b 15% 4.12
30 12.03+2.69ab 8.67+0.27b 1.99+1.68b 18% 3.25
GCP400 0 16.39+0.38a 10.38+1.76c - 4.41+£0.08b 8% 15.45
in HDPE 10 16.69+1.96ab 9.67+0.27b - 4.41+0.08b 8% 14.11
20 16.36+0.26ab 9.67+0.27b 3.96+0.05b 8% 15.08
30 15.13+2.6%9ab 9.67+0.27b 3.99+1.68b 8% 15.15
Control 0 16.47+0.18a 10.32+2.16cC - 4.41+0.08b 8% 18.45
GCP600 10 14.40+1.96ab 6.67+0.37b - 3.11+0.58b 15% 9.12
20 13.38+0.16ab 6.57+0.25b 3.16+0.15b 17% 4.22
30 12.03+2.10ab 6.47+0.17b 2.99+1.28b 18% 4.15
GCP600 0 16.47+0.18a 10.32+2.16cC - 4.41+0.08b 8% 18.45
in HDPE 10 15.57+0.16ab 10.61+0.37b -4.11+0.58b 8% 16.52
20 15.38+1.28ab 10.17+0.25b 4.16+0.15b 8.5% 16.22
30 15.03+1.20ab 9.41+0.17b 3.99+0.28b 8.5% 15.25
Control 0 15.31+0.38a 10.08+1.76c - 4.41+0.08b 8% 13.15
GGCP 10 13.99+1.96ab 9.67+0.27b - 2.21+0.08b 13% 6.12
20 12.07+0.23ab 8.17+0.27b 1.96+0.05b 14% 3.02
30 11.02+2.69ab 8.07+0.27b 1.99+1.68b 18% 2.15
GGCP in 0 15.31+0.38a 10.08+1.76c - 4.41+0.08b 8% 13.15
HDPE 10 14.99+1.26ab 9.67+0.27b - 4.21+0.08b 8% 13.12
20 14.57+0.43ab 9.97+0.27b 3.96+0.05b 8% 12.02
30 14.22+2.29ab 9.17+0.27b 3.99+1.68b 8% 12.15

3. nsundienniwnlUlduselev

3.1 ganyaATzilTuaasdayludonniuiveni s luldusslovd
HaNIINAERUNITENAARUIINIUARNUAZIoNNILWNUINaTadALannIwi (Coffee pectin
extract : PCE) fianwauziaulsznoulimeansusznounainvatglaeivinnisanamensauazavaislu

woanegaatuNan InageunuInduasainiia High Methoxyl Pectin (HM) sazlsifioiduansneiaa

1%
A 4

deedluanngidanuninuwazainulunsagidasnanisnadeuiesdunuitasainfingn

Usznauseninglslings
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Compounds Coffee Pectin Commercial
Uronic Acids 34.52 25.30
Neutral noncellulosic 15.25 17.8
polysaccharides
Cellulose 8.2 9.0
Rhamnose 53 4.3
Arabinose 36.98 28.63
Xylose 9.58 13.69
Glucose 30.3 30.5

Decanted Coffee Mucilage

Figure 6 Coffee Pectin presented after coffee fermentation and their extract

Coffee Pectin Extract (PCE)

3.2 wamvegeuamautiMuaiivaznsldansiafeusiuiunisindeuianald

neassldiwafu (PCE) WatduansinasuiidulneldisnisnaasuiadauiiilaedSveg

Ciolacu,2014 lagn1slddiunanszning high methoxyl pectin (2%) naudundigosea Undunen

Y] a ¢ ! 1Y a Y vy & o el' = <,
Vl']umﬁ')uua%LLﬂaL%’U@Jﬂi@liVI W'U'J']a'ui'ﬁﬂl%‘ﬂﬂﬁai]LﬂaE]‘UﬁllbL@LLagLﬂ‘Uiﬂ‘l“JTVl 4 93ALYaLTYE LUU

1381 30 WU
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Figure 7 Effect of using PCE coating on
orange for extending shelf-life after storage

for 30 days
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