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9MIART 

Pectin from three coffee (C.arabica) varieties: bourbon, caturra and
 
catimor, was extracted and purified. Its physico chemical characteristics 
were compared with those from eight samples of commercial citrus and apple

pectins. Coffee pectin was low methoxyl and of smaller weight average molecular 
weight than citrus and apple pectin. 
 Itdid not form consistent gels with
 
sucrose and acid nor with Ca++ salts. Coffee pulp (exocarp) was richer in
 
pectin than coffee mucilage.
 

Three methods for pectin purification were tested for purifying alcohol
insoluble solids (marc) from the mucilage of ripe coffee fruits (Coffea arabica 
var. bourbon): the copper II salt method (cupric sulfate pentahydrate), 
aluminum salt method (AiCd3 ),and the quaternary ammonium salt method (hexa
decyl-trimethyl ammonium bromide). The effect of temperature, reaction time
 
and pH on pectin purity and yield was 
 studied in 23 factorial designs for 
each method. 
 Lower pH values caused better yields in all methods. Time-pH
 
interaction at the high level 
 improvedpurity in the copper method, while
 
temperature-pH interaction at high level 
Favored purity in the other methods. 

e quaternary ammonium salt method was considered the best. The aluminium 
salt method gave the lowest yields and the copper salt caused a 
difficult to
 
remove greenish color in the pectin.
 

A preliminary economic study was made to explore the feasibility of
 
producing pectin (low methoxyl) from coffe inCentral America. 
Local pectin
 
consumption in Central America issmall and most of the production should be
 



expoited. The dominant cost in producing coffee pectin is interest on
 

capital, followed by chemicals used in pectin extraction and purification.
 

A minimum economic size of 350 metric tons/year was determined, although it
 
could be smaller ifmost of the equipment ismade locally. However, since
 

the gelling properties of the pectin from the three coffee varieties tested
 

were not adequate for jelly manufacture, its economic perspectives are
 

uncertain.
 



CNCLUSIONS
 

2.1 Pectin from C. arabica varieties bourbon, caturra and catimor,
 

cultivated at 1 500 m. altitude is low-methoxyl.
 

2.2 Weight average molecular weights from the coffee pectins assayed
 

are within a smaller range than those of citrus and apple pectin. They fell
 

in the range of 36,000 to 48,000.
 

2.3 Pectin from the coffee varieties mentioned in 2.1 did not form
 

consistent gels after the addition of Ca++ ions.
 

2.4 Coffee pulp (exocarp) is about 1.9 times richer in pectin than
 

coffee mucilage.
 

2.5 The quaternary ammonium salt method was considered the best of the
 

purification methods tested because it gave adequate yields and purity
 

without adverse side-effects like the greenish color of the copper-purified
 

pectin.
 

2.6 The best extraction conditions for the quaternary ammonium salt
 

method were 15 min. at 60'C, and pH 1.86.
 

2.7 Since the gelling properties of the pectin from the three coffee
 

varieties tested were not adequate for jelly manufacture, its economic
 

perspectives are uncertain.
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BACKGROUND 

The project started inJuly, 1983. 
 Its general objective was to
 

obtain experimental information required to determine the feasibility
 

of using pectins from the coffee mucilage in food applications.
 

Its' specific objectives were:
 

a) To determined the food-related chemical and physical properties
 

of pectin from the mucilage of the three principal. commercial coffee varieties 

from Centrel America. 

b) To study the influence of known extraction and purification methods
 

on yield and quality of pectin from coffee mucilage.
 

c) To characterize pectin from mechanically removed mucilage at a
 

coffee processing plant.
 

The present report covers five and a 
half semesters of project
 

activities.
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ACTIVITIES 

The original objectives of the project-have been met, except for
 

specific objective (c.), that was not feasible because it required a 
drastic
 

change in the operating methods of the coffee processing plant. Specific
 

objectives (a.) and (b.) were expanded to include pectin from the coffee pulp
 

solids and juice.
 

The activities, results and conclusions obtained during 33 months of
 

research (covering three coffee seasons) have been prepared inthe form
 

of three research papers that are being submitted to scientific journals for
 

publication. Copies of the manuscripts ar enclosed.
 



ETENSIONS 

Two time extensions for the project were requested to U.S.A.I.D.; the
 
first, a six month extension ending in December 1985, and a three month
 
extension to March 31, 1986.
 



APPENDICES
 

The following research papers were prepared and submitted to scientific
 

journals for publication:
 

a) Characterization of coffee pectin
 

b) Purification of coffee pec'tin
 

A third paper was prepared but due to its nature of preliminary information
 

it will not be sent for publication and will only remain as an internal
 

report:
 

c) Preliminary economics for the industrial production
 

of coffee pectin
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CHARACTERIZATION OF COFFEE PECTIN 

R.Garcla; ArriolaD; Arrilda,M.C.de; PorresE.de; RolzC. Central 
American Research Institute for Industry (ICAITI). P.O.Box 1552, 
Guatemala, Guatemala. 

SBVMARY 

Pectin from three coffee (C. arablca) varieties , bourbon, 
caturra and catimor, was extracted and purified. Its physico
chemical characteristics were compared with those from eight samples
of commercial citru3 and apple pectins. Coffee pectin was low 
methoxyl and of smaller weight average molecular weight than citrus 
and apple pectin. It did not form consistent gels with sucrose and 
acid nor with Ca"' salts. Coffee pulp Cexocarp) was richer In pectin 
than coffee mucilage. 

I. INTRODUCTION 

All the coffee varieties produced in Central America are of

the Coffea arabica species. The mesocarp is 15 20x w-w
to of 
the coffee fruit and It Is comprised by a mucilaginous substance 
(mucilage) which rich pectin, although theis In amounts reported inthe literature vary (1, 2, 3, 4, 5). Utilization of coffee pectin
has worried researchers for many years. Cleves (6) , mentions 
analytical determinations made in Costa Rica In 1931 where pectic
substances were identified In coffee mucilage. Carbonell and 
Vllanova C) , characterized the coffee mucilage as an hydrogel
without cellular structure. Coleman et all (8) Identified 
galacturonic acid in mucilage removed 

, 

by diluted alkali from 
Guatemalan coffee cherries. Calle (9) , from Colombia, reports that 
extraction of the mucilage with NaOH solutions gave a substance that 
gelled after a long resting time. Consistent gels were obtained by
addition of sodium hypochlorite to mechanically recovered mucilage.
Fresh coffee pulp (exocarp) immersed in 0.5 - 2.0x HCl solutions and 
autoclaved at 120 oC for 30 min. was latter pressed to obtain a red 
colored transparent syrup which gellified by cooling after sugar
addition. The same author (10) reported later a process to extract 
pectin from coffee mucilage with HCl 50x and hexametaphosphate as Ca 
scavenger, to produce a stable gel. Qualitative tests were positive
for met'hanol in the liquid which separated from this gel by
syneresis, and the author concluded that It was formed by low 
methoxyl pectins. The coffee pulp or exocarp was also extracted by
boiling with dilute HCl and hexametaphosphate to yield a liquid
which gelled on cooling. Pectins from the mucilage had :ao pigments
and phenolic compounds lJke those from the pulp. Other pectin
extraction methods reported by Calle (11), inwere later consisting
adding calcium gluconate- to:--th~e: mucilage:-to for- a _.gej, or 
separating machanlcally the mucilage. -inside- an- aci.: :ba-th, screened 
and spread over glass sur-faces were methanol was sprinkled to 

http:PorresE.de
http:Arrilda,M.C.de


gellify the pectin.

However, there was no information In the literatule reviewedabout the physicochemical properties coffee uels,of pectin which 

are important to determine its suitability as a foo additive,specially for the production of Jellies. It was 	 confsidered then necessary to make a physical and chemical characterizatl,,n of coffeepectin, comparing it with commercial citrus and apple Patting. 

Ii. MATERIALS AND METHODS 

2.1 	 Coffee samples-

For preliminary tests, 
 whole ripe coffee fruit was obtained"from Palln, Esculntla. Guatemala, located at 1000 m. altitude (a.mixture of several varieties of C.arablca). Another sam-pIe

was obtained from a coffee plantation In Parramos, Chimaltenango,
Guatemala; at 2000 m. altitude, which 	 a of atcontained mixture

least 2 varieties, according to the 
 different sizes of the coffee 
beans.
 

Later, fruits from Bourbon, Caturra and 	 Catimor Varieties ofC.arabjca were obtained from a farm in Sacatepequez,
Guatemala, at 1500 m. altitude. 

2.2 	 Comierclal pectin samples:

The following 
 samples were tested to compare thelir properties

with coffee pectin:

Purple Ribbon, Rein pure, LH ; Brown Ribbon, 1.%nO US-SAG;Purple Ribbon, D-075, LM; Green Ribbon, 1500 	 US-SAG; Iliue Ribbon,1500 US-SAG; from Obipektin AG, CH-9220 BlAchofszell,

Industriestrasse, Switzerland. Genu pectin Type D, slow set, 1500US-SAG; Genu pectin Type B, rapid set, 1500 US-SAG; Genu pectin TypeA, med.-rapid set, 1500 US-SAG; from KobenhavnsA'S 	 1'*ktInfabrik,
Denmark. Citrus pectin, Type 603, unstandarized; H.P.IlUlmer Ltd.,
Ryelands Street, Hereford HR4 CLE. England. 

2.3 	 Pectin extraction methods:
 
Sample A: Whole ripe 
 coffee fruits from Paln were immersed in an alkaline sodium sulfite solution. (described In 10), AIid the peel
was broken by mannually pressing with a wooden p8ll,, Then 
 thecoffee-alkaline sulfite 	 mixturesolution was boiled at '5 OC for 20
min. The liquid was separated 
 from the solids by 1,leans of acheese-cloth and treated a ethanolthen with 95m soluthin, added In
 a 2:1 proportion by volume, to precipitate the material insoluble 
 inalcohol (marc). solid whichThe part was separatetil with tne

cheese-cloth contained the coffee beans and pulp.
Sample B: A sample of coffee brought from Palln Was depulped(elimination of skin ) In a manual pulper machine and th-n processedlit a locally made Fukunaga pilot plant demuctlaginatoul Water wasadded to the Fukunaga (about 6:1 v/w of mucilage) untill theprocessed coffee plus thebeans mucilage solution flowed out of themachine. After separating the solids in a rotating xcreen, the

diluted mucilage solution was concentrated In a KontIo scrapped 
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surface vacuum pilot plant evaporator at about 600 C.

The concentrated solution was treated with 
 ethanol to

precipitate the marc.
 
Sample 
 C: About 90 Kg. of ripe coffee fPuit from Parramos weredepulped and processed in the Fukunaga demuctleginator, but this

time only an Initial amount of water added andwas then the liquidOutlet of the machine was recirculated to prevent excessive dilutionof the mucilage solution. The resulting concentrated solution was 
treated with ethanol to precipitate the marc. 

Sample D: A portion of coffee mucilage from Sample C was vacuum
dried at 0 OC In a Stokes laboratory freeze dryer.

Sample E: Coffee pulp obtained from Paln coffee fruit. wasextract-d by boiling In alkaline sulfite solution by the method 
described In (10).

Sample F: Pectin extraction tests were performed with ripecoffee fruit samples from Sacatepequez, Guatemala. Three well
identified varieties were used: Bourbon (F-i) , Caturra iF-2) and
CatImor (F-3) , all of the C.arabica species.

Coffee fruit samples were brought to ICAITI's pilot plant inthe same day they were harvested. The first operation was washingwith water and detergent, followed by selec'tion to eliminate
immature fruits and floats; then It was depulped. Themucilage-covered coffee beans were then placed in a locally madebatch demucilaginating machine with a 3 HP electric motor(Sexilago), which resembles a big waring blendor, This operation
requires the addition of a certain amount of andwater, lasts about15 mn. All materials were weighed to obtain data for a massbalance. The mucilage coming out of the demucilaginator wascollected in a plastic container with a 959 v-v ethanol solution toprecipitate the marc, which contains the pectin. The precipitate wasseparated in a basquet centrifuge, then 95 y- washed with a ethanol
solution to eliminate sugars and some pigments, followed by washingwith acetone and finally left to dry In trays at ambient 
temperature. 

Sample G: Coffee fruit samples of the Bourbon variety ofC.arabJca from Sacatepdquez were used. Processing was the same 
as In Sample F. except that the liquid mucilage with coffee beans

coming out of the demucilaginatlng was
machine screened in ascreening machine (Russel 2758 W.G.2) to separate the beans, and
thea received in a plastic container with an 81% ethanol 
 solution,
acIdIfied with HC1 (750 ml. 95m ethanol, 50 ml. HCI conc., 200 ml.water). The precipitate formed was separated by decantation, washedwith 75% vzv ethanol, then with 81m v/v ethanol and finally with 
acetone. The precipitate was then dried for 48 h. at 35 °C, to 
obtain the marc. 
Figure 1 shows average balance for thean mass pectin extraction 
operations to obtain Sample G. 

Sample H: the coffee pulp (exocarp) from Sample G was pressedIn a locally made continuous screw press to obtain coffee pulp
Juice, which was mixed with 2 volumes of acidified ethanol (the same as In Sample G) to precipitate the alcohol-insoluble solids, that 
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were purified with the same procedure used for Sample G, to obtain
the marc.
Figure 2 shows an average mass balance for the pectin extractionoperations to obtain Sample H.
Sample 1: the 

pulp from 

solid residue collected after pressing the coffeeSample G was extracted by boiling for hr. InI an aqueousHC1 sol.ution of pH 1.Sample J: the same as Sample 1, except thethat solution Usedfor the extraction had pH 2.Flg'Lre 2 also shows an average mass balance for the pectinextre.ction operations to obtain Sample H. 

2.3 Chemical determinations: 

2.3.1 Purification: 
The marc from the mucilage and pulp obtained from samplesand E was purified B, C,by a method proposed by F.consisting in suspending 30 g. of marc 

Rombouts (12), 
adjusting PH 2.0 

in 3 L. delonized water,to 'lth 5N {C1, heating at 80 oC withh., .Llrrlng for2 adding water .tu compensate evaporation; after which pHadjusted to with the was 
ml. and 

3.5 10x Na 2 CO3 solution, then adding water to 3250filter aid, vacuum filter with 2funnel, then 
cloth layers In a Buchnervacuum filter through a gross filter paper with filteraid In a Buchner, and adding 1.5 volumesprecipitate the pectin. After 

of 96m v-v ethanol to 
a 2 h. rest. filtering through acheese cloth and suspending the solids vacuvn In 1 L 70m v'v ethanol,filter through gross filter paper in a Buchner and thenagalt. with 96" v-v washethanol; after which the solids are left to dryat ambient temperature and milled.The marc from samples F-1, F-2 and F-3 was purified by themethod described by Tuerena (13).


For samples 
 G and I, the marc was suspended In acidified waterat PH 1.86, heated at 80 oc for 15 min., and then theammonium quaternarysalt method described by Rombouts (12),pectins, was followed: after obtaining 
adapted to coffee 

a clear pectin solution,PH is adjusted to Its4.5 and 1 L. of this solutionof IM ammonium Is mixed with 5 wl.sulfate solution; then the temperature is raised37 oc, and 250 ml. tof a 2x quaternary ammoniumtrimethyl immonium bromide) 
salt Chexa decyl

is added, as recommended by ScottThe sample was kept (14). 
washing 

at 37 oC for 1 hour before centrifuging and thenthe precipitate 3 times with distilledsuspending 300 ml. water, followed byof 
kept 

1x NaCl solution, adjusting pH to 3.2. and
at 37 OC untill complete disolutlon of complex. Then
theml. acidified ethanol 900 are added, after which the precipitatehomogenized isby stirring and filtered through a cheese-clothprecipitate is washed The4 times with the
Acidified following solutions: i)ethanol (4:1 ethanol 95m 'HCl conc..). Ethanol11) ,,OxEthanol 70% lv) Ethanol Ill)95m; and then vacuum filtered throughcloth. Finally it left ais to dry at ambient temperature.The ma,,c from 
for G and 

samples I and J was extracted in the same way asH. and then purified by In.repeated precipitation 

(
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acidified ethanol. 

2.3.2 Anhydrogalacturonic acid: The m-hydroxydiphenyl method
described by Kinter and van Buren (15) as for
anhydrogalacturonic acid (percent AGA) 

used 
determination. 

2.3.3 ethoxyl and degree of esterification: gas chromatographic
method of Walter et al (16). 

2.3.4' Acetyl content: gas chromatographic method by Rizzo (17). 

2.3.5 Nitrogen: micro Kjeldahl. AOAC (18) 

2.3.6 Carbohydrates: phenol-sulphuric methodHodge & Hofrelter (19). 

2.3.7 Moisture: oven method, FAO (20). 

2.3.8 Total ash: calcination method. AOAC (18) 

2.3.9 Acid insoluble ash: HCI boiling method, FAQ (21). 

2.3.10 Equivalent weight: NaOH titration method. Schultz (22). 

2.3.11 Weight Average molecular weight: the viscosity methoddescribed by Rombouts (12), based In the work by Owens et al (23). 

2.3.12 Setting time:. twist method by Joseph & Baier (24). 

2.3.13 Firmness of pectin Jellies: for high methoxyl samples, °SAG,official IFT method (25). For low methoxyl samples, the method 
described by Gross and Rao (26). 

IM. RESULTS AND DISCUSSION 

Tables I and 2 present a physlcochemlcal characterization
several coffee pectin samples, compared with a commercial 

of 

unstandarized citrus pectin (Bulmer Citrus 603). Table 3 contains achare cterlzation for 8 commercial pectins. Table 4 presents
confidence ranges (A) at the a = 0.05 level for the chemicaldeterminations, based on the standard deviation from 6 replicates of 
a known sample, calculated by the equation: 

A . ts~x)+-

Where: x is an estimate of the _1rue mean U.; and tthevalue is taken at the 0.05 significance -level (95% confidence range
of the mean), for the degrees of freedom associated with 3(x). 

3.1 Percent A.G.A: The percent anhydro galacturonic acid. indicates
the amount of pectin in the sample after purification (except for
sample D which was crude), and thus will be affected by theextraction and purification procedures used. Since those methods 
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were different for samples B. C, D and E (Table 1) than for samplesF-1, F-2, F-3, G, H. I and J (Table 2). they can not be directly
compared. 

3.2 Percent Methoxyl and Degree of EsterificaV.ion: methoxylatlon ofcoffee pectin from samples B and C is similar to natural citrusapple pectins (Tables 1 and 3). Sample E 
and 

(coffee pulp) wasdemethoxylated by the alkaline extraction processof esterlficatlon expected for natural pectins 
used. The degree

should not be higherthan 76" (Pedersen, 27). and all samples assayed where below thislimit. Purple Ribbon D-075 and Purple Ribbon Pure (unstandarized)are low-methoxyl pectins, but the percent methoxyl of the D-075sample was higher whatthan would be normally expected. On the otherhand, the Brown Ribbon sample was classified as highmanufacturer, methoxyl by thebut the degree of esterification obtained was below 
50X (Table 3).


Coffee pectin samples F-1, F-2, F-3, H, I and 
 Jlow methoxyl. with esterification degrees lower 
were 

than that of thecommercial LH samples (Tables 2 and 3). 

3.2 Acetyl: The acetyl content in pectins should be lower than 2.6Xfor adequate gelling properties (Pippen et:"al, 28). Pectin from thecoffee mucilage samples B, C and E gave an acetyl content within thesame order of magnitude of that of commercial citrus pectin (Table1). Other coffee pectin samples had sllgthly- higher acetyl contents(Table 2), but still less than 2.6m. 

3.3 Nitrogen: All samples assayed (Tables 1 and 3), except one(Purple Ribbon D-075,L.M.), were within the FAO standard of 0.5 x
maximum nitrogen content (20). 

3.4 Carbohydrates: Carbohydrate contents of coffee pectin samples(Table 1) were within the same order of magnitude as unstandarlzed(pure) commercial pectins, like Citrus Pectin and603 Purple RibbonPure (Tables 1 and 3). 

3.5 Molecular weight: The low molecular weightsamples B, C, (Table 1) and 
of the coffee pectinF-1. F-2, F-3 (Table 2) was probablycaused by enzymatic degradation during the extraction process atneutral pH of the mucilage. Values reported In the literature forcommercial citrus and apple pectins are higher than 50000, while acitrus pectin sample degraded by heating at 119 oC for 20 min. gavea molecular weight of 20000-30000 (Owens et 29). thisal, Forreason, for samples G and H, an acidified ethanol solution was usedto precipitate the pectin, as proposed by Joslyn and DeuelWeight average molecular weights for pectin 

(30).
purified from samples Gand H were the highest of all coffee samples (Table 2), being aboutthe same order of magnitude as that of the Green Ribbon applecommercial pectin (table 3). The small molecular weight of sample I(Table 2) may have been caused by the low extraction pH used. 
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3.6 Total ash: Total ash content for coffee pectin samples (Tables 1 
and 2) Is higher than that of commerclal citrus and apple samples 
(table 3), but it meets the Food Chemicals Codex standard (31) 1981 
of less than lOX; although not the Bulgarian standard of less than 
5X (32). 

3.7 Acid Insoluble ash: Only the crude coffee mucilage, sample D 
(Table 1) and pectin from sample F-2 (Table 2) had detectable acid 
insoluble ash content. The latter does not meet the FAO and Food 
Chemicals Codex standars that require a value of less than Ix 
(20,31). 

3.8 Equivalent weight: Results for this determination are presented 
In Tables 1 & 3. Equivalent weight decreases with demethylation of 
pectins (33). A significant coefficient of determination r , at the 
5x level, was found for an exponential correlation of equivalent 
weight vs. esterificatlon degree obtained from experimental data for 
coffee and commercial pectins. Equivalent weight results for coffee 
mucilage samples (B and C) are within the same order of magnitude of 
the data for tangerine peel pectin reported by Moon et al, (34). 
However, standard deviation for this analytical method was high, 
producing a confidence range (Table 4) which is too wide to be 
acceptable.
 

3.9 Setting time: Setting times were determined for most commercial 
pectin samples (Table 3). Results were In accordance with the label 
designations (fast, medium, slow). It was not possible to obtain 
setting times for coffee pectin samples B and C because these 
samples didn't form a jelly, probably due to their low molecular 
weight. Coffee samples A, E, and D were not assayed; while samples 
F-i, F-2, F-3, G, H, I & J were low-methoxyl. Olsen et al, (33), 
demonstrated that setting time Is a function of equivalent weight. A 
significant coefficient of determination r, at the 5x level, was 
found for a power correlation of equivalent weight vs. setting time 
obtained from experimental data for commercial pectins. However, the 
setting times predicted for samples B and C by this correlation were 
not achieved experimentally. 

3.10 Jelly grade (oSAG): Only the commercial pectin samples were 
graded, because coffee mucilage samples B and C didn't form a Jelly 
for the conditions required by this test. The IFT Sag test (25) is 
not applicable to low-methoxyl pectins. Results can be seen In 
Tables 1 & 3. All standarlzed commercial pectin samples were labeled 
150 °SAG, but apple pectins averaged only 124.2 °SAG; probably 
because of Jelly grade losses during storage (Pedersen, 26). 

Pectin from samples G and H formed clear Jellies by adding Ca ** 
ions, but this could not be replicated. Pectin from samples F-1, 
F-2, F-3, I and J did not form a consistent gel after the addition 
of a CaC12 solution, following the method described by Gross and Rao 
(26). 



a 

3.11 	 Yields: Adding the amounts of pectin purified from mucilage,pulp Juice and pulp solids from bourbon coffee (see Table 2),pectin yield of 0.256m w'w (wet 	
a 

base) or 1.22x w/w of the freshfruit was obtained: on fresh 
This 	

coffee of 79x average moisture content.yield Is smaller than the pectin contents mentioned inliterature: Picado (1) reported pectic substances In the mucilage 
the 

ofC.arabJca as 33% dry basis, or about 4.95m of the ripe fruit,dry 	 basis. Menchu et al (3), found 15.9 	 to 18.2m pectin dry basis Inmucilage samples from Guatemalan coffee (2.3 to 3.6m dry base of theripe 	 fruit), around of50x which were water soluble. Orozco (4)calculated 3.19m pectin dry basis of the 	 ripe fruit, from CostaRican coffee samples. Sudhakara Rao (5) , reported 2.39m pectin- drybasis, of ripe C.arabJ.ca fruits. Cleves (6) presentsanalytical data from 	 Costa Rican coffee samples of 1.74x wet basisof pectin In the 	 ripe coffee fruits. But comparison is hinderedbecause most values previously reported In the literature werecalculated 
from percent A.G.A determinations directly on themucilage, without previous purification. 

IV. 	 CONCLUSIONS
 

Pectin from 
 C. ara.bca varieties bourbon, caturra andcatimor, cultivated at 1500 m. altitude is low-methoxyl. 

Weight average molecular weights from the coffee pectinsassayed are awithin smaller range than of andthose citrus apple
pectin. 

Pectin from threethe coffee varieties tested did notconsistent gels after the 	
form 

addition of Ca* Ions.
 

Coffee pulp (exocarp) about
is 1.9 times richer In pectin than

coffee mucilage.
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TABLE I
 

PBTSICO-CHEHICAL CHARACTERIZATION OF COFFE PECTINS
 

ANALYSIS 

(All determinations in dry 

base). 


X ANHYDRO GALACTURONIC ACID
 
M-PHENYL PHENOL method 


X METHOXYL CONTENT
 
Gas Chromatography 


DEGREE OF ESTERIFICATION
 
Gas Chromatography 


X ACETYL CONTENT
 
Gas Chromatography 


X HITROGENmicro Ijeldahl 


X CARBOHYDRATE CONTENT 
PHENOL-SULFURIC method 

Z MOISTURE (oven method) 

X TOTAL ASH CONTENT 


EQUIVALENT WEIGHT
 
MaOH titration 


AVERAGE MOLECULAR WEIGHT
 
viscosity method 


x ACID-INSOLUBLE ASH
 
HCL bolling method 


COFFEE 

MUCIL. 

PALIN 


9 


93.00 


9.98 


65.76 


0.38 


0.10 


49.53 


13.74 

6.20 


4073 


20965 


COFFEE COFFEE 

MUCIL. PULP. 

PARRAM. PALIN 


C E 


86.80 95.24 


10.78 0.41 


76.10 2.64 


0.09 0.34 


0.14 0.08 


47.75 51.73 

16.85 14.57 

5.63 1.97 

5611 


2688i 


CRUDE CITRUS
 
MUCIL. PECTIN
 
PALIN 603
 

D
 

8.83 93.20
 

11.65
 

76.59
 

0.30
 

0.24
 

42.60
 

26.87 8.35
 

5.50 2.96
 

2032
 

8674
 

0.27
 



TALE2 

RICO-cHENICAL CHARACTERIZATION OF PECTINI FRON 3 COFEE VAIETIE 

II.YSIS COFE'E
(llI determlnations PV PULP PULP IWOin dry HOLE RUCIL. 1RUCIL. PICIL. NUCIL. JUICEbase). SOLID SOLID CITRUSPALIN HOURl. CATUR. CATIN. BOIJRB. OURl. 80ORB. BOURD.PECTINA F-1 F-2 0 F-3 0 ' 60s He$ l os o se 603 

1 AIIHYDR 6ALACTURONIC ACID-PKHNYL PHOL method 
 50.79 74.43 46.60 94.71 79.70 97.72 
 91.19 93.20
 

1 HETNOXYL CONTENTUs Chromatography 
 2.11 
 2.3 1.82 
 3.97 3.69 
 3.54 11.65
 
DEGREEOF ESTERIFICATION
6a Chrosatography 25.5 18.97 23.88 
 30.55 23.08 
 23.81 76.59
 

PECTIN YIELD
I0/m of coffee fruit 0.I! 0.033 0.039 0.040 
 002 0.009 0.069
 

PECTIN YIELD
Iw/u of earc 
 7.9 10.86 7.57 3.26 21.57 15.99 
 18.60 10.65
 
W YIELD
 
I u/N of coffee fruit 1.35 0.51 0.51 
 0.49 
 2.00" 2.22 3.81
 
2IOISTURE (oven method) 
 16.22 16.67 16.06 
 26.61 24.15 
 23.01 20.66 
 1.35 
1TOTAL ASH CONTENT 
 1.7 2.61 
 7.84 4.67 2.57 2.06 
 0.71 2.96
 

I CIINSOLUBLE ASH 
IM boiling method 1.39 

AVERAGE WE1I6HTMOLECULARvilcoity method 3752 39367 36638 47861 42371 
 1582 22359 86774
 

I Purlifled by method described in (13)
31 Purified by quaternary amonium salt method 
pH 29 80 eC, 15 @ln.

31 Purified by precipitation with acidified ethanol.
 
I!Voi./Vol.
 



Tull: 

"MCO€CHENICAL CHARACTERIZATION OF C 
ALi PCTIN 

ANLYSIS 6EU ENU
(aI1dmtmralnitfons in dry sight 
6ENU PURPLE ROw PURPLE 6REEN BLUE 

bil). 
PECTIN PECTIN PECTIN RIBBON RIBBN RIBBON RIBBON RIBNTYPE A TYPE l TYPE D PURE APPLE N075 APPLE APPLECITRUS CITRUS CITRUS APPLE APPLE
 

IANHYDRO6ALACTURONIC ACIDe-PIEJNYL PHENOLmethod 72.94- 66.11 91.79 98.92 81.03 67.38 93.51 8,0S 

I KTHOXYL CONTENT6a Chroaatography 6.63 7.00 7.54 5.85 6.15 7.67 10.13 9.20 

KIRE OF ESTERIFICATION6a Chroaatography 55.70 64.89 56.49 36.24 46.51 69.93 74.33 64.00 

Z ACETYL CONTENTlas Chromatography 0.30 0.32 0.36 0.35 0.3 0.3 0.38 0.38
 
Z NITROSEN,Icro Kjeldahl 
 0.23 0.38 0.35 0.09 0.20 2.08 0.33 0.13 

PFENOL-SULFURICI CARBOHYDRATE CONTENTmethod 55.63 55.36 54.99 
 51.69 62.60 59.06 
 62.05 59.44
 
1 MOISTURE (Oven method) 
 2.74 3.24 6.08 9.07 5.5 8.39 10.02 10.19
 
Z TOTAL AS CONTENT 
 1.49 1.06 2.21 5.12 1.01 4.01 4.16 1.63 

IIUiVALENT NE16HT
liOi titration 
 1053.4 1772.1 
 93.1 29.53 914.44 "0.9 7 
 572.11 410.09
 

AVERA4E MOLECULARHEISHT 
Viscosity method 
SEIN6 TI ,sec. 

66522 44322 
145.05 30.55 213.9 153.95 472.4 472.65 

am 
 142.63 139.31 1.45.00 121.10 123.45 126.12
 



TABLE 4
 

CONFIDENCE RANGES FOR SOME ANALYTICAL RESULTS
 

ANALYSIS 
(All determinations in dry base) 

CONFIDENCE RANGE 
a : 0.05 

METHOD 
REF.# 

X ANHYDRO GALACTURONIC ACIDm-PHENYL PHENOL method 1.0140 15 

X METHOXYL CONTENT
Gas Chromatography 

0.6503 16 

DEGREE OF ESTERIFICATION
Gas Chromatography 

4.2754 16 
X ACETYL CONTENT 
Gas Chromatography 

0.0363 iT. 
X NITROGEN, micro XJeldahl 0.0253 18 

X CARBOHYDRATE CONTENT
PHENOL-SULFURIC method 1.4330 19 
X MOISTURE (oven method) 0.3036 20 
X TOTAL ASH CONTENT 0.4641 16 

EQUIVALENT WEIGHTHaOH titration 202.7 22 
SETTING TIME, sec. 9.7430 24 
O SAG 

3.4467 25 
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FIGURE NO i
 
EXTRACTION OF PECTIN FROM COFFEE MUCILAGE: 
MASS BALANCE
 

100 EU.COFFEE FRUIT
 

a 

I 

a
S a
 a
1.26 kg. ------- -DEPULPIG--.....- 44.84 ZI.PULP
COFFEE LOST _ 
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a___ (DRY PARCHMENT) 
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(8.17 I1.DRY MUCILAGE) 
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___ 
(DRT --------
 > SCREENING A 
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VASHINGS 
 a K
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a
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VASHING
 

DTING
 

•496 Kl. MARC
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cVp
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FIGURE Sa2
 
KZXTRACTION OF PECTIN FROM COFFEE PULP: 
MASS BALANCE
 

100 K8.COFFEE FRUIT
 

af 
 a
 

1.16 I#. ------ DEPULPING
 
COFFEE LOST _
 

44.84 Kg.PULP 

.... fSCREW PRESS
 

i1.94 	Ig.JUICE 
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(pure) PRECIPITATION 51 L WATER
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13 	 Ce ---
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 a__________ 
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 a 
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ETH.RECOV. 	 .
: WASHINGS 
 ETHANOL
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_a : VAC.FILTER
 

LIQUID TO 4--: ACETONE :[-- 1.7 Re.
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 : WASHING 
: ACETONE 
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 26 19. 
WASHINGS 
 ETHANOL
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a 	 a 4--1 
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-
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 - 61 e.
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 a
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 a
 
49.28 . PECTIN 
 DRYING
 

S.023 eI.MARC
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PURIFICATION OF COFFEE PECTIN
 

R.Garcla; W.De 
 la Roca, C.Rolz. Central American Research Institute
for Industry (ICAITI). P.O.Box 1552, Guatemala, Guatemala.
 

SUNIIAT
 

Three methods for pectin purification were tested for purifying
alcohol-insoluble 
 solids (marc) from the 
mucilage of 
 ripe coffee
fruits (Coflea arabica 
 var. bourbon): the copper II salt
method 
(cupric sulfate pentahydrate), aluminum 
salt method (AICI3 ),
and the quaternary ammonium 
salt method (hexa-decyl-trimethyl
ammonium bromide). The effect of 
 temperature, reaction time and pH
on pectin purity and yield was 23
studied in factorial designs for
each method. Lower pH values caused better yields 
 in all methods.
Time-pH interaction at the 
 high lcvel improved purity In
method, while temperature-.pli the copper

Interaction 
 at high level favored
purity in 
the other methods. The quaternary ammonium salt method was
considered the best. The aluminum salt method gave the 
lowest yields
and the copper 
 salt caused a difficult to 
 remove greenish color in
the pectin.
 

I. INTRODUCTION
 

In order to compare Its physicochemical 
 properties
available commercial with
pectins, the alcohol-insoluble 
 solids extract
from coffee mucilage or coffee pulp 
 juice must be purified. Several
purification methods 
have been tried for pectin purification. Among
the most common are 
the use of inorganic salts
2, 5); 
like Cu+ 2 salts (1,
3, 4, aluminum 
salts (6, 7, 8); ammonium salts 
 (2, 10);
acidified alcohol (2, 9, 1, 12, 
13); ion-exchange resins 
(4, 14,
15, 16, 17 ); neutral 
 alcohol (18); ultrafiltration 
 (19) and
amilolytic enzymes 
(20, 21).


Purification 
 with inorganic salts was 
 selected 
for coffee
pectin because of the 
 availability of 
 the various chemicals, and
also because these methods 

of 

were developed specially for the 
 removal
sugar impurities which are not part of the 
pectin molecule. Since
there is no starch in the mucilage from ripe coffee fruits, there is
 no use for amilolytic enzymes.
 

II. mATERIALS AND METHODS
 

2.1 Coffee: Coffee 
 fruit of 
 the Bourbon variety of Coftea
arabIca 
 was obtained from a farm in Sacatephquez, Guatemala, at

1500 m. altitude.
 

2.2 Pectin extraction: 
 Coffee fruit samples were brought to
Pilot plant in the same the

day they-were harvested. The. f:irst 
operation
was washing- with irater- :ol-lowed-by selection tb el imilhate immature 
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fruits and floats; 
 then the skin or exacarp was meahanically

eliminated (depulping). 
The mucilage-covered coffee beans
placed in were then
a locally made batcts demucilaginating machine with a
electric 3 HP
motor (Sexllago), which resembles a big
This operation requires the addition of 

waring blendor.
 
a certain amount of water,
and lasts 
about 15 min. The liquid mucilage with coffee beans coming
out of the demucilaginating 
machine was 
 screened to 
 separate the
beans, and then received 
 in a plastic container with an 8IX 
ethanol
solution, acidified with hCl 
(750 ml. 95X ethanol, 50 ml. 
HCI cone.,
800 ml. water). The precipitate formed was
washed with 75X separated by decantation,
v/v ethanol, then with 81X 
 v/v ethanol and finally
with acetone. The precipitate was then 
 dried for 48 h. at 35 oC, to
obtain the marc.
 

2.3 Furlicatlon: 
All assays 
were made utilizing the 
 marc obtained
by the previously 
mentioned extraction method, 
 prepared as IX w/v.
suspensions in distilled water.
 

2.3.1 Aluminum salt method: Since there was 
 no specific method for
coffee pectin, several experiments were carried on to 
adapt a method
based in the work re'ported by De Luca and.Josyn, (5); 
Bhatia et al,
(?); and Tuerena, (8).
Extraction conditions 
applied to the marc (high and low levels
for the factorial design) were: 
pH adjusted to 3.0
5N, 80 or 60 or 1.86 with HCI
°C for 30 or 15 min., after which 
the extract was
filtered first through cotton and then through diatomaceous earth in
a Buchner funnel 
 under vacuum, to
former filtration step lasted from 2 to 
obtain a clear solution. The

6 hours. Then the pH of
solution was the
again adjusted with HCI 
to 4.1 and mixed
aluminum chloride solution with 

with a 5Z w/v

pH also adjusted to 4.1, in a
proportion 
of 60 ml.AIC1 3/L.pectin soln., to obtain an 
aluminum
pectinate precipitate, which 
was washed 4 times
solutions: i) Acidified ethanol 

with the following

(4:1 ethanol 95X
Ethanol 60X iii) /HCI conc.). ii)
Ethanol 70X Iv) Ethanol 
 95X; 
and then vacuum
filtered through a cloth.
After washing, the sample 
was dried at ambient temperature.
 

2.3.2 Copper 1I salt method: 

(10), 

The procedure recommended by Rombouts,
was modified: 

the same way as 

the pectin extraction conditions were varied in
with the aluminum salt method; 
then the sample is
vacuum filtered in a Buchner funnel, first with cotton and then with
diatomaceus earth until 
a 
clear solution is obtained. The pH of
clear solution was adjusted to 
the


4.0 before adding the
the copper same volume of
reagent (prepared by mixing 18.8 
 g. cupric sulfate
pentahydrate, 54.4 
 g. sodium 
acetate trihydrate, 24 ml. 
glacial
acetic acid and distilled water to complete 2 
L) In an intermittent
form (1/4 of the volume each 5 min. 
 ), under gentle stirring, to
precipitate a copper pectinate, and then letting it stand overnight.
The next day it was 
 vacuum filtered with a 
cloth and the solids
washed 3 times 

95X/HCl 

with an acidified alcohol solution (A:1 ethanol
conc.), to eliminate 
 the copper, and
suspending the then washing by
solids in: a) ethanol 60X; b) ethanol 70X; 
and c)
 

/'f
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ethanol 95x; 
 after which the purified pectin was 
 left to dry at
ambient temperature.
 

2.3.3 Quaternary ammanium salt 
 method:

Rombouts, (10), 

the method described by
was adapted to 
coffee pectin:
conditions the pectin extraction
were varied 
 in the same way as 
with the aluminum salt
method; after obtaining a 
clear pectin solution, its 
PH is adjusted
to 4.5 and I L. of this solution is mixed with 5 ml.
sulfate of IM ammonium
solution; 
then the temperature is raised to 37 oC,
ml. a 2X and 250
of quaternary ammonium salt 
(hexa-decyl-trimethyl ammonium
bromide) is added, as 
recommended by Scott, (9). 
The sample was kept
at 37 oC for I hour before centrifuging 
and then washing the
precipitate 3 times with distilled water, followed by suspending the
pectin precipitate in 
 300 ml. of IX NaCl solution,
temperature was raised to 37 oC for 10 min., 
and then the
 

after which 600 ml.
ethanol are 
 added
acidified (1:4 HCI conc./ethanol 
of
 

precipitate the pectin. It 95X) to
is left to 
rest between I and
complete precipitation 12 hr. for
before 
vacuum filtering with
followed a cloth,
by washing with alcoholic solutions
the copper II method; and finally it 
in the same way as in


is left to dry
temperature. at ambient
Figure I shows 
 a block diagram
the for this method, with
amounts calculated for purifying i00 Kg. of fresh
with coffee fruit;
low levels of PH 
and extraction 
time and 
high level of
temperature.
 

2.4 Statistical analysis: 
23 factorial designs
for each of (22) were performed
the above mentioned purification methods, to determine
the influence of 
extraction conditions 
like temperature, time and pH
on two responses: purity as 
 X anhydro galacturonic acid, and
as X pectin w/w in the marc. The yield

higher and lower levels for the 3
factors are shown in Table I.
 

III. RESULTS A19D DISCUSSION
 

3.1 Copper 
II salt method: Table *.2 presents results for purity
expressed as 
 X of anhydrogalacturonic acid
The F values and identified as XAGA.
indicate 
that the time-pH interaction and the triple
Interaction were 
significant at
effect Z, indicating 
the 0.05 level, with a positive mean
that simultaneously 
increasing the values of
temperature, time 
 and pH will increase
However, the purified 

the purity of the pectin.
pectin had a greenish color which was very
difficult to remove, probably caused by copper Impurities.
Table 
 5 shows the yields 
 obtained with this method, expressed
as X w/w pectin/marc. For this response, only the effect of factor b
(PH) was significant at 
 the 0.05 level, with
Indicating that decreasing the pH value will 
a negative Z,


increase the yield.
 
3.2 Aluminum 
salt method: 
 Purity results can be 
 seen in Table 3.
This method 
gave the lowest purity

interaction and the triple 

values. The temperature-pli

interaction were 
significant at the 0.05
level, with positive mean effect Z.
Yield values are presented In Table 
 6. In the same way as In
 

p 
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the copper 1I 
 method, only the pH had a significant effect on yield,

with a negative mean effect.
 

3.3 Quaternary ammonlum salt method: Table 
4 contains
results for this method. The effect of pH was 
the purity


significant at the
0.05X 
 level, with a negative mean 
effect Z. The temperature-pH
Interaction 
and the triple interaction 
were also significant, with
negative and positive Z values, respectively. With regard to yield,
It can be seen 
in table 7 that the effect of pH was significant with
a negative mean effect, In the same way as 
 the other two methods
 
tested.
 

IV. CONCLUSIONS
 

The quaternary mmnonium salt 

the 

method was considered the best of
3 methods 
tested because it gave adequate yields
without adverse side-effects and purity

like the greenish color of the
copper-purified pectin.


The best extraction conditions for the quaternary ammonium salt
method were 15 min. at 60 
oC, and pH 1.86.
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TADLE I 

CODES FOR FACTORIAL DESIGNS 

a c6 

LEVEL 
EXTRACTION 

TEMP. 
EXTRACTION 

TIME 
EXTRACTION 

pH 

HIGH 

LOW 

I z 80 °C 

0 z 60 °C 

I 

0 

= 30 min. 

x 15 min. 

I 

0 

= 3.01 

11.86 

F(1 /7 ) z 5.6; a a 0.05 



TABLE 2
 

COPPER METHOD, DRY BASE, RESPONSE = AGA
 

PECTIN PURIFICATION FACTORIAL DESIGN
 

CODE ZAGAI XAGA2 AVG. MEAN
TOTAL 
 EFFECT 22/16 F
 

000 (1) 90.69 89.71 90.20 
 10.40
100 a 1381.4789.86 78.33 
 84.10 168.19
010 b 86.62 25.17 39.60 1.46
68.03 77.33 
 154.65
110 ab 91.04 41.49 107.59 3.98
89.27 
 90.16 180.31
001 c 77.89 44.99 126.51 4.68
8i.66 79.78 
 159.55
101 14.37 12.91 0.48
ac 80.31 i.-5' i0.93 15!.55
Oil -1.73
bc 92.43 g12 0.19 0.01
g.78 183.55
II1 abc 9a.2a 94.69 68.75 295.41 10.92 .-96.49 
 192.97 
 59.45 22a.ag 8.17 
a
 

a Sl~lflcant at the a z 0.05 level
 

TABLE 3
 

ALU2IINUM DRY BASE, RESPONSE z2 AGA
 

PECTIN PURIFICATION FACTORIAL DESIGN
 

CODE 
 ZAGUJ ZAGA2 AVG. MEAN
TOTAL 
 EFFECT Z2/16 F
 
2
 

000 (1) 41.44 62.38 51.91 
 103.82
100 a 977.9260.07 
 49.74 
 1.91 109.81
010 b 81.07 65.58 268.80 2.96
63.85 
 2.46 144.92
110 ab 67.22 282.41 3.11
58.46 50.68 
 54.57 109.14 -28.08
001 c 49.28 0.5457.77 42.67 
 50.22 100.44
101 ac 6a.43 42.54 113.10 1.25
72.85 70.64 
 14j.28 125.16
;11 bc 979.O6 10.78 m
47.52 59..t 53.50 
 106.99
I1 -13.64
abc 82.72 T8.80 11.63 0.13
0.76 161.52 107.37 
 720.52 
 7.93 a
 

sxSenillcant at the a 
= 0.05 level
 

(c
 



TABLE 4
 

AIUONIUM DRT BASE, RESPONSE 
= X AGA 

PECTIN PURIFICATION FACTORIAL DESIGN 

CODE NAGAI XAGA2 HEAR!
AVG. TOTAL EFFECT Z 2/16 F
 

2
 

000 (1) 90.44 86.38 88.41 176.82 1367.71
 
100 a 98.00 94.90 
 96.45 192.90 -56.19 
 197.33 4.97
010 b 93.56 95.85 
 94.71 189.41 -17.01 
 18.08 0.46
110 ab 8P.44 86.62 
 88.03 176.06 -55.67 
 193.70 4.88
601 c 84.04 05.45 84.75 169.49 -102.67 658.82 
 16.58 m
101 ac 74.33 78.82 76.58 
 153.15 -61.65 237.55
01l bc 85.87 5.98 m
90.36 88.12 
 176.23 -8.51 4.53
f11 0.11
abc 78.29 55.36 66.83 
 133.65 
 91.40 524.41 13.20 0
 

I Sllnlflcant at the a = 0.05 level
 

TABLE 5 

COPPER METHOD DRY BASE, RESPONSE = YIELD
 

PECTIE PURIFICATION FACTORIAL DESIGN
 

CODE XYIELD, XYIELD2 AVG. MEAN
TOTAL EFFECT Z2 /16 F
 

2
 

000 (1) 14.251 13.881 14.07 28.13 131.70
100 a 16.234 15.028 15.63 
 31.26 9.97 6.22
010 0.98
b 17.828 7.928 t2.88 
 25.76 0.47 
 0.01 0.00
110 ab 15.935 15.463 
 15.70 31.40 4.24
i0 c 1.12 0.182.719 0.523 
 1.62 3.24 -101.39 642.52 101.65 i101 
 ac 1.173 1.806 
 1.49 2.98 
 -7.57 3.56 0.57
O11 bc 
 1.691 2.044 t.87 
 3.74 4.95 1.53
III abc 2.023 3.177 2.60 
0.24
 

5.20 13.28 11.03 
 1.74
 

a SlgntIfcant at 
the a 0.05 level
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COFFEE PECTIN PURIFICATION, AMMONIUM SALT METHOD
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PRELIMINARY ECONOMICS FOR THE INDUSTRIAL PRODUCTION OF COFFEE PECTIN 

Ricardo Garcia; Carlos Rolz. Central American Research Institute for 
Industry (ICAITI). P.O.Box 1552, Guatemala, Guatemala. 

SUMMARY
 

A preliminary economic study w.s made to explore the
feasibility of producing pectin (low methoxyl) coffeefrom (Coffea
arabica) in Central America. Local pectin consumption in Central 
America is small and most of the production should be exported. The
dominant cost in producing coffee pectin is interest on capital,
followed by chemicals used in pectin extraction and purification. A
minimum economic size of 350 metric tons/year was determined,
although it be if most of thecould smaller equipment is made 
locally. 

i.IHTRODUCTION 

Coffee is a very important crop in many less developed
countries of Latin America and Africa. In Central America, 494700 
metric tons of green coffee were produced in the 1980-81 season. 
Coffee is the principal export crop for Guatemala, El Salvador and
Costa Rica. It is .a good source of employement in rural areas; in 
Guatemala, it absorbs directly or indirectly about 1.7 million 
people (around 25X of the total population of the country). However,
the international coffee market have been characterized by short
periods of high prices followed by prolongued periods of depressed
values. A better by-pi )duct utilization may be a way to stabilize 
the economy of coffee 'oduction. 

In the traditio-,al wet coffee processing used in Central
America, Colombia, V-nezuela, Mexico and some Latinother America 
and African count, ies, 'ipe coffee fruits are fed to a pulper
machine wherein, 'y friction, the. exocarp (skin) and part of the 
mesocarp (mucilage) are eliminated. A layer of mucilage remains 
adhered to the coffee bean, and in order to remove it, it is
submitted to a fermentatLon process in tanks where excess water is 
drained and a mostly anaerobic fermentation is accomplished by the
natural microflora of the beans for 48-90 hours. In this procesu the
mucilage is broken down and the products of its hydrolysis are
washed down with water when fermentation ends. In most coffee 
processing plants or "beneficios", water from the fermentation tanks 
is mixed with other wash and processing waters and recycled,
producing a solution with a chemical demand tooxygen up 30000 ppm.
(Rolz et al, 1971 ) which is dumped into rivers causing severe 
pollution problems. However it is possible remove theto mucilage
adhering to the coffee beans by mechanical means without the 
fermentation step, with commercially available demucilaginating
machines, making it possible to recover pectin froa the mucilage. 
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Unfortunately there isfeasibility no information aboutof industrial coffee pectin the economical

the Central recovery.American For thisResearch reason,
carried Institute for Industryout a research project (ICAI'TI)
characterization in which it made a physicochemicalof pectin from(exocarp) and coffee pulp 

coffee mucilage, coffee pulpjuice, havingGuatemalan determinedCoffea arabica var. that for
pectin was Bourbon, Caturra andlow-methoxyl, low Catimor, themolecular 
Ca +2 weight, forming gelsions (Garcla et withal, 1986).
 

2.HARKET
 

Pectin consumption 
 in Centralin 1971 (ICAITI, 1971), was 
America is -low. In a survey madeIt repoitedJellies that 927and marmelades metric tonswere produced in -Central ofIX w/w pectin added, only about 9.27 

America. Estimating,
consumed metric tonsthat year. Assuming of pectin werethat jelly productionsame rate of demographic increasedgrowth, at theconsumed for 1986, ".nd 

13.2 t. of -pectin would havearound 16.8 t. will been
clear that the local market 

be used in 2000. It isis too small forproduction, and external sustaining pectinmarkcetsSince there is must be sought.more than enoughproduction raw material supplyin the world, and for pectin
Is low-methoxyl (Towle 

only about. 12X of the pectin producedand Christensen,able to compete 1973), coffee pectinboth in price and quality as a 
must be

natural low methoxylproduct. 

3.RAV MATERIAL
 

It has 
 been determined (Garcia etmetric tons of al, 1986) thatfresh coffee around 450ton of fruit is required topectin. The amount produce I metric
would of coffee producedyield over in Central America1000 t of pectin/ye*arcoffee crop , but sinceis processed in much of theSalvador, small "benefIcios",that has perhaps onlythe biggest wet in Elworld, may coffee processing plantsit be possible to in thedevelop an industrial pectin recoveryproject. 

4.PLANT CAPACITY
 

The process equipment

ton/year was designed initiallyplant, and its cost for -a 11 metric
.equipment manufacturers was estimated from U.S. and europeanquotationsand Timmerhaus, 1980), updated 

and from literature data (Peters
equipment by Marshall andindexes. The total Swift installed
based on unit productestimations cost was then calculated
fixed costs. 

for chemicals, labor, energyWith the total , ivdirect andproduct cost,return was calculated. the internal rateSince the ii ofrate of return, the plant size 
t/year plant gave a negativewas increasedwas adjusted by the and the equipmentsix-tenths-factor cost

1980). The rule (Peters andtotal product cost Timmerhaus,and the internal rate of return were 
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then recalculated. The 	 procedure was 	 repeatedcapacities. The results can be 	
for several plant

seen in Figures 1 and 2.estimated that 	 It wasa plant capacity of aroundpectin 	 350 t/year of coffeemay be the minimum size
depending on bank interest 

for recovering the investment,
rates . Since most ofbe made in 	 the equipment couldCentral America at a substantial reductionthe mimimum size for in cost, and 

made assuming 
the plant would be smaller, a simulation wasequipment cost reductions

calculating 	 up to 50X and thenthe minimum plant capacity that could giveinternal rate 	 a i6Xof return. Results 
Figure 	

of this simulation are presented in3. It can be seen that a 50X reduction in equipmentproduce about a 47X decrease in the minimum plant 
cost will 

capacity requiredto obtain 16Xa internal rate of return. 

5. ENGINEERING 

A preliminary design madewas
concerning use of 	

based on laboratory data,solvents, yields, stream concentrations,Pilot plant tests will be necessary 	 etc. 
to obtainscale-up. For this reason, the present 

engineering data for
work has to be taken onlya rough initial estimation.	 

as 
An outline of the process is presented in Figure 2 

5.1 Extraction 
After depulping

coffee beans will 
in the coffee "beneflcio", the mucilage-coveredbe transported to batch(locally 	 demucilaginating machinesmade), that resemble waring blendors. This operationrequires the addition of a certain amount of water,15 min. The mixture of coffee beans 	

and lasts about 
out 	 and separated mucilage comingfrom the demucilaginating machines is separated in a screener.The 	 coffee beans will sentprocessing 	

be back to the "beneficio" for furtheras the principal product, while the mucilage willto extraction tanks 	 be fedwhere it bewill blended with an HCI solution atpH 2.0, and heated at 80 OC for 30 min.The 	 coffee pulp or exocarp separated from thethe 	 coffee fruitdepulping 	 in.machines of the "beneficio",locally-made screw presses that 	
will be transported towill 	 separate about 45Xa liquid called by weight of 

pulp, 
coffee pulp juice. The solid residue, called pressedand 	 the juice, will be sent to extraction tanks for anoperation similar to that described for the mucilage. 

5.2 	 Concentration
 
After extraction, the 
 pectin solution will be pumpeddouble effect evaporator, 	 to afor a 5:1 concentration. Hydrochloric acidwill 	 be recovered in the condensed vapors. 

5.3 	 Precipitation
The concentrated solution will be toblended with twice 

pumped stirred tanks to beits volume of ethanol to precipitate the pectin. 

5.4 Filtration and washingThe 	 precipitate will be separated from the solution in filter 
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presses and then sent to tanks for blending with water tosuspension that will be 	 make are-precipitated withagain. This operation will be repeated 
ethanol and filtered 

two 	 times before a finalwashing with acetone. 

5.5 Drying, milling and packagingThe 	 wet pectin precipitate will 	 be dried in a tunnelat 45-60 OC, milled in a stainless steel 	
with air

hammer mill and filledpolyethylene 	 intobags 	 placed into fiber drums. The bulk 	 density of thedry 	 pectin powder was estimated 3as 759 Kg./m . 

5.6 Ethanol and acetone recoveryIt is necessary to recover as much acetonepossible by distillation, for 	
and ethanol asthe 	 process to be economical.of 2.5 L. ethanol (95x v/v) of 	

A lossand 0.25 L. acetone/Kg. of pectin hasbeen estimated. 

6 IHVESTMENT COST
 

Table I shows figures

factors used 	

for a 350 t/year coffee pectin plant. Thefor estimating the investment cost can seen111. Notice that 	 be in Tablethe 	 factor for installation is lower than theused 	 in industrialized ones 
countries. 

7.TOTAL PRODUCT COST
 

Table II contains some
total product cost 

of the data used for estimating thefor a 350 t/year coffee pectin plant, operating110 days/year (during the coffee season).Table III shows factors used to estimate some of the costelements used in Table II.A loan covering 707 of andfixed working capitals was assumedto calculate the interest costs.
It can be seen in Table II that interest
the 	 dominating cost, followed by ethanol and 
on fixed capital is 

that 	 acid costs. This means*if the capital investment 
the 	

could be reduced by building mostequipment 	 oflocally, a significant improvement in product cost maybe achieved. 

8. 	 PROFITABILITY 

Internal rates of return, definedthe 	 as the interest that makesnet 	 present value equal
a Lotus 	

to zero (Figure 1), were calculated with1-2-3 spreadsheet program
a sales price of 	

in an IBM PC microcomputer; usingUS $ 7.27/Kg. for pectin (Anon., 1986), plantalife 	 of 15 years, operating at 80x capacity for the 	 first year, 95Xcapacity the second year and t00x for the rest. 
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TABLE I
 

INVESTMENT COST, US$ 
 FOR 350 rT/"EAD 'COFFEE PECTIN PLANT 

EQUIPMENT CIF 
 2943510.91
 
INSTALLATION 
 735877.73
 
LAND
 
PLANT BUILDINGS 
 115500.00
 
OFFICE BUILDING 
 4000.00
 
INSTRUMENTATION 
 264915.98
 
ELECTRICAL INSTALL. 
 294351.09
 

PHYSICAL COST 
 4358155.71
 

ENGINEERING 
 653723.36
 

DIRECT COST 
 5011879.07
 

CONTRACTORS FEE 
 250593.95

CONTINGENCY 
 50i87.91
 

FIXED CAPITAL INVESTMENT 

5763660.93
 

PLANT STARTUP 

172909.83
 

WORKING CAPITAL 
 381675.00
 

TOTAL INVESTMENT 

$6,318,245.75
 

http:6,318,245.75
http:381675.00
http:172909.83
http:5763660.93
http:50i87.91
http:250593.95
http:5011879.07
http:653723.36
http:4358155.71
http:294351.09
http:264915.98
http:115500.00
http:735877.73
http:2943510.91
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TABLE II
 

TOTAL PRODUCT COST FOR COFFEE PECTIN, 350 rT/YEAR
 

UNIT/Kg.pec. 


DIRECT COSTS
 

ETAANOL,L 
 2.5 

HCI conc.,L 
 0.1 

ACETONE, L 
 0.25 

PACKAGING 

STEAM 
 0.09 

ELECTRICITY 
 0.70 

WATER 
 0.i8 


DIRECT LABOR
is t " 
shift 

2 nld.shift 

3 rd. shift 


SUPERVISION 


PLAIT MATERIALS 


INDIRECT COSTS
 

FRINGE BENEFITS 

QUALITY CONTROL 

TRANSPORT 


FIXED COSTS
 

DEPRECIATION:
 
EQUIPMENT 

BUILDINGS 


INSURANCE 

ADMINISTRATION 

SALES COST 

INTEREST/FIX.CAPITAL 

INTEREST/WORK.CAPITAL 

CONTINGENCY 


TOTAL PRODUCT COST 


$/UNIT. 


0.340 

5.800 

1.230 

0.072 

0.008 

0.057 

0.093 


0.400 

0.500 

0.600 


0.060 


S/YEAR 


297500.00 

203000.00 

107625.00 

25305.00 


262.64 

13867.00 

5859.00 


14080.00 

17600.00 

21120.00 


10560.00 


44152.66

883.05 


88i.60 

10560.00 

21000.00 


98117.03 

1991.67 


28818.30 

7633.50 


25445.00 

524493.14 

34732.43 

15234.23 


$1538657.26 


S/Kg.pec. 
 x
 

0.850 19,34
 
0.580 £3.19
 
0.308 
 6.99
 
0.072 
 1.64
 
0.001 0.02
 
0.040 0.90
 
0.017 0.38
 

0.040 0.92
 
0.050 
 1.14
 
0.060 
 1.37
 

0.030 0.69
 

0.126 2.87
 
0.003 
 0.06
 

0.025 0.57
 
0.030 0.69
 
0.060 1.36
 

0.280 
 6.38
 
0.006 0.13
 

0.082 i.87
 
0.022 0.50
 
0.073 1.65
 
1.499 34.09
 
0.099 2.26
 
0.044 0.99
 

$4.396 100.00
 

http:1538657.26
http:15234.23
http:34732.43
http:524493.14
http:25445.00
http:28818.30
http:98117.03
http:21000.00
http:10560.00
http:44152.66
http:10560.00
http:21120.00
http:17600.00
http:14080.00
http:13867.00
http:25305.00
http:107625.00
http:203000.00
http:297500.00


CAPITAL INVESTMENT
 

INSTALLATION 

INSTRUMENTATION 

ELECTRICAL INST. 

ENGINEERING 

CONTRACTOR'S FEE 

CONTINGENCY 

PLANT STARTUP 

WORKING CAPITAL 


TOTAL PRODUCT COST
 

DIRECT COST
 

SUPERVISION 

MAINTENANCE 

PLANT MATERIALS 


INDIRECT COST
 

FRINGE BENEFITS 

QUALITY CONTROL 


FIXED INDIRECT COST
 

INSURANCE 

ADMINISTRATION 

SALES COST 

INTEREST 

CONTINGENCY 


a
 

TABLE III
 

FACTORS FOR COST ESTIHATION
 

0.25 of equipment cost
 
0.09 of equipment cost
 
0.10 of equipment cost
 
0.15 of Physical cost
 
0.05 of direct cost
 
0.10 of direct cost
 
0.03 of fixed capital investment
 
0.15 of annual sales
 

0.20 of direct labor
 
0.03 of equipment cost
 
0.02 of maintenance cost
 

0.167 of direct labor + supervision

0.20 of direct labor
 

0.01 of fixed capital cost
 
0.003 of annual sales
 
0.01 of annual sales
 
0.13 of 
70X fixed and working capital

0.01 of total manufacturing cost
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FIGURE E03
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FIGURE Ra3 (CONTINUED)
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