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SUMMARY

Pectin from three coffee (C. arabica) varieties: bourbon, caturra and
catimor, was extracted and purified. Its physico chemical characteristics
ware compared with those from eight samples of commercial citrus and apple
pectins. Coffee pectin was Tow methoxyl and of snaller 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 (exocarp) was richer in

pectin than coffee mucilage.

Tiiree methods for pectin purification were tested for purifying alcohol-
1nso]ub1e solids (marc) from the mucilage of ripe coffee fruits (Coffea arabica
var. bourbon): the copper II salt method (cupric sulfate pentahydrate),
aluminum salt method (AIC13), and the qﬁaternary;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
eacn method. Lower pH values caused better yields. in all methods. Time-pH
interaction at the hidh Tevel 1mproVed'purity in the copper method, while
temperature-pH interaction at high Tevel favored purity in the other methods.
he quaternary ammonium salt method was considered the best. The aluminium
salt method gave the Towest yields and the copper salt caused a difficu]t to

remove greenish color in the pectin.

A preliminary economic study was made to explore the feasibility of
producing pectin (low methoxyl) from coffe.in Central America. Loral pectin

consumption in Central America is small and most of the producticn should be



expoiied. 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 if most of the equipment is made 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,
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CONCLUSIONS

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 Cat++ jons.

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 1ike 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 noi adequate for jelly manufacture, its econoumic

perspectives are uncertain.



BACKGROUND

The project started in July, 1983. Its general sbjective was to
abtain experimental information required to determine the feasibi]ity

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_noﬁnmrciaI coffee varieties

from Centra1 America.

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

on yield and quality of pectin from coffee mucilage.

€) To characterize pectin from mechanically removeéd mucilage at a

coffee processing plant.

The present report covers five and a half semesters of project
activities.



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

publication. Copies of the manuscripts ar~ enclosed.



EXTENSIONS

Two time extensions for the project were requested to U.S.A.I1.D

+; the
first,

a six month extensjon ending in December 1985, and a three month
extension to March 31, 1986.
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APPENDICES

The following research papers were prepared and submitted to scientific

journais for publication:

a) Characterization of coffee pectin

b) Purification of coffee pectin

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.Garcta; Arriola,D; Arriola,N.C.de; Porres,E.de; Rolz,C. Central
American Research Institute for Industry (ICAITI). P.0.Box 1552,
Guatemala, Guatemala.

SUNNARY

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
0f commercial citrus and apple pectins. Coffee pectin was 1low
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 (exocarp) 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 1s 15 to 20% w-/w o?f
the coffee fruit and it is comprised by a mucilaginous substance
(mucilage) which is rich in pectin, although the amounts reported in
the 1literature 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
Vilanova (7) , 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 ot 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 =- 2.0% HCl solutions and
autoclaved at 120 °C for 30 min. was latter pressed to obtain a red
colored transparent syrup which gellified by cooling atter sugar
addition. The same author (10) reported later a process to extract
pectin from coffee mucilage with HCl 50% and hexametaphosphate as Ca
scavenger, to produce a stable gel. Qualitative tests were positive
for methanol in the 1liquid which separated from this gel Dby
syneresis, and the author concluded that it was formed by 1low
methoxyl pectins., The coffee pulp or exocarp was also extracted by
boiling with dilute HC1 and hexametaphosphate to yield a 1liquid
which gelled on cooling. Pectins from the mucilage had :10 pigments
and phenolic compounds 1like those from the Pulp. Other pectin
extraction methods were reported later by Calle (11), consisting in
adding calcium gluconate. to--the -mucilage:.-to form a_gel, or
Separating mochanically the mucilage -inside: an - acigd:. :-bath, screened
and spread over glass surfaces were methanol was sprinkled to
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gellity the pectin.

However, there was no information in the literature reviewed
about the physicochemical properties of coffee pectin uels, which
are important to determine its suitability as a fooit additive,
specially for the production of Jellies. It was consiiered then
necessary to make a physical and chemical characterizatinp of coffee
pectin, comparing it with commercial citrus and apple poctins.

Il. MATERIALS AND METHODS

2.1 Coffee samples:

For preliminary tests, whole r'‘pe cotfee fruit wag obtained
from Palin, Escuintla, Guatemala, located at 1000 m. altitude (a.
mixture ot several varieties of C.arabica). Another sample.
was obtained from a coffee plantation in Parramos, Chlmaltenango.
Guatemala; at 2000 m. altitude, which contained a mixture of at"
least 2 varieties, according to the different sizes of the cottee
beans.

Later, fruits from Bourbon, Caturra and catimor varjeties of
C.arablca were obtained from a farm in Sacatepaquez,
Guatemala, at 1500 m. altitude.

2.2 Commercial pectin samples:

The following samples were tested to compare their properties
with coffee pectin:

Purple Ribbon, Rein pure, LM + Brown Ribbon, 14po US~SAG:
Purple Ribbon, D-075, LHM; Green Ribbon, 150° VUS-SAG; Mlue Ribbon,
1500 US-SAG; from Obipektin AG, GCH-9220 Blachotszell,
Industriestrasse, Switzerland. Genu pectin Type D, slow set, 1500
US-5AG; Genu pectin Type B, rapid set, 1509 US-SAG; Genu pectin Type
A, med.-rapid set, 150° US-SAG; from A-S Kobenhavns "ektintabrik,
Denmark. citrus pectin, Type 603, unstandarized; HK.P.hulmer Ltd.,
Ryelands Street, Hereford HR4 CLE, England.

2.3 Pectin extraction methods:

Sample A: Whole ripe coffee fruits from Palin were immersed in
an alkaline sodium sulfite solution (described 1in 10), and the peel
was broken by mannually pressing with a wooden palleg, Then the
coffee-alkaline sulfite solution mixture was boiled at wun oCc for 20
min. The 1liquid was separated from the solids DbY wmeans of a
cheese-cloth and then treated with a 95% ethanol solutiun, added in
a 2:1 proportion by volume, to precipitate the material {(psoluble in
alcohol (marc). The solid part which was separateda with tae
cheese-cloth contained the cotftfee beans and pulp.

S8ample B: A sample of coffee brought from Palin was depulped
(elimination of skin ) in a manual pulper machine and then processed
in a 1locally made Fukunaga pilot plant demucilaginatoy, water was
added to the Fukunaga (about 6:1 v-w o0of mucilage) untill the
processed coffee beans plus the mucilage solution flowewd out of the
machine. After separating the solids in a rotating Acreen, the
diluted mucilage solution was concentrated 1in  a Kontjyg scrapped



surface vacuum pilot plant evaporator at about 60° C.

The concentrated solution was treated with ethanol to
precipitate the marc.

8ample C: About 90 Kg. of ripe coffee f:-uit from Parramos were
depulped and processed in the Fukunaga demucilerglnator, but this
time only an tinitial amount of water was added and then the 1liquid
outlet of the machine was recirculated to prevent excessive dilution
of 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 °C in a Stokes laboratory freeze dryer.

Bample E: Coffee pulp obtained from Palin coffee fruit. was
extractsd by boiling in alkaline sulfite solution by the method
described in (10).

Bample F: Pectin extraction tests were performed with ripe
coffee fruit samples from Sacatepéquez, Guatemala. Three well
identified varieties were used: Bourbon (F-1) , Caturra (F-2) and
Catimor (F-3) , all of the C.arablica species.

Coffee fruit samples were brought to ICAITI's pilot plant in
the same day they were harvested. The first operation was washing
with water and detergent, followed by selection to eliminate
immature fruits and floats; then 1t was depulped. The
mucilage-covered coffee beans were then placed in a locally made
batch demucilaginating machine with a 3 HP electric motor
(Sexilago), which resembles a big waring blendor. This operation
requires the addition ot a certain amount of water, and lasts about
15 min. All materials were weighed to obtain data for a mass
balance. The mucilage coming out of the demucilaginator was
Collected in a plastic container with a 95X v~-v ethanol solution to
precipitate the mare, which contains the pectin. The precipitate was
Separated in a basquet centrifuge, then washed with a 95% ethanol
solution to eliminate sugars arnd Some pigments, followed by washing
with acetone and finally 1letft to dry in trays at ambient
temperature,

Sample G: Coffee fruit samples of the Bourbon variety of
C.arabica from Sacatepéquez were used. Processing was the same
as in Sample F, except that the liquid mucilage with coffee beans
coming out of the demuclilaginat‘ung machine was screened in a
screening machine (Russel 2758 w.G.2) to separate the Dbeans, ang
thea received in a plastic container with an 81% ethanol solution,
acidifiel with HCl (750 ml. 95% ethanol, S0 ml. HC1l conc., 200 ml.
water). The precipitate formed was separated by decantation, washed
with 75% v~-v ethanol, then with 81% v/v ethanol and tfinally with
acetone. The precipitate was then dried for 48 h. at 35 9c, to
obtain the marc.

Figure 1 shows an average mass balance for the pectin extraction
operations to obtain Sample G.

S8ample H: the coffee pulp (exocarp) from Sample G was pressed
in a locally made continuous Screw press to obtain coffee pulp
Juice, which was mixed with @2 volumes of aciditied ethanol (the same
as in Sample G) to precipitate the alcohol-insoluble solids, that



were purified with the same pProcedure used for Sample G, to obtain
the marec. '

Figure 2 shows an average mass balance for the pectin extraction
operations to obtain Sample H.

S8ample I: the so0lid residue collected after pressing the coffee
pulp from Sample G was extracted by boiling for 1 hr. in an aqueous
HCl solutton of pH 1.

S8ample J: the same as Sample I, except that the solution used
for ‘he extraction had PH 2.

Fig'ire 2 also shows an average mass balance for the pectin
extrzction operations to obtain Sample H.

2.3 Chemical determinations:

2.3.1 Purification:

The marc from the mucilage and pulp obtained from samples B, C,
and E was purified by a method proposed by F. Rombouts (12),
consisting 1in suspending 30 g. of marc in 3 L. deionized water,
adjusting pH to 2.0 with SN HCl, heating at 80 OcC with siirring for
2 h., adding water tu compensate evaporation; after which the pH was
adjusted to 3.5 with 10% NapC0; solution, then adding water to 3250
ml. and filter atd, vacuum filter with 2 cloth layers in a Buchner
funnel, then vacuum filter through a gross filter paper with filter
aid in a Buchner, and adding 1.5 volumes of 9§X v7v ethanol to-
pPrecipitate the pectin. After a 2 h, rest, filtering through a
Cheese cloth and suspending the solids in 1 L 7T0% v-/v ethanal,
vacuv™ f{ilter through gross filter paper in a Buchner and then wash
agail with 96% y-ry ethanol; after which the solids are left to dry
at ambient temperature and milled. ‘

The marc from samples F-1, F-2 and F-3 was purified by the
method described by Tuerena (13). .

For samples G and ii, the marc was suspended in acidified water
at pH 1.86, hLeated at 80 ©°C for 15 min.,, and¢ then the quaternary
ammonium salt method described by Rombouts (12), adapted to coffee
pectins, was followed: after obtaining a clear pectin solution, its
PH is adjusted to 4.5 and 1 L. of this solution is mixed with 5 ml.
of 1M ammonium sulfate solution; then the teuperature is raised ts
37 °C, and 250 ml. of a 2% quaternary ammonium salt (hexa decyl
trimethyl wmmonium bromide) is added, as recommended by Scott (14).
The sample was Kept at 37 ¢ for 1 hour before centrifuging and then
washing the precipitate 3 times with distilled water, followed by
suspending 300 ml. of 1% NacCl solution, adjusting pH to 3.2, and
kept at 37 O¢ untill complete disolution 0 the complex. Then 900
ml. acidified ethanol are added, after which the precipitate 1is
homogenized by stirring and fi{ltered through a cheese-cloth The
precipitate 1s washed 4 times with the following solutions: 1)
Acidified ethanol (4:1 ethanol 95% ~HCl conc.). 1i1) Ethanol .0% {i}i)
Ethanol 70% 1{iv) Ethanol 95%; and then vacuum {iltered through a
cloth. Finally it 1s left to dry at ambient temperature.

The ma:c from samples I and J was extracted in the same way as
for G and H, and then purified by repeated precipitation in



acidified ethanol.

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

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

2.3.4° Acetyl content: gas chromatographic method by Rizzo (1T).
2.3.5 Nitrogen: micro KJeldahl, AOAC (18}

2.3.6 Carbohydrates: phenol-sulphuric method,Hodge & Hofreiter (19).
2.3.7 Hoisture: oven method, FAO0 (20).

2.3.8 Total ash: calcination method, AOAC 18)

2.3.9 Acid {nsoluble ash: HCl boiling method, FAO0 (21).

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

2.3.11 VWeight Average molecular weight: the viscosity method
described by Rombouts (12), based in the work by Owens et al (23).

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

2.3.13 Firmness of pectin Jellies: for high methoxyl samples, O9SAG,
official IFT method (25). For low methoxyl samples, the method
described by Gross and Rao (26).

III. RESULTS AND DISCUSSION

Tables 21 and 2 present a physicochemical characterization of
several coftee pectin samples, compared with a commerctial
unstandarized citrus pectin (Bulmer Citrus 603). Table 3 contains a
charescterization for &8 commercial pectins. Table 4 presents
confidence ranges (A) at the a = 0.05 level for the chemical
determinations, based on the standard deviation from 6 replicates of
a4 known sample, calculated by the equation:

A = */ - ta(x)
Where: x 1is an estimate of the _true mean g; and the t

value is taken at the 0.05 significance -level (95% confidence range
of the mean), for the degreas of freedom associated with s(x).

3.1 Percent A.G.A: The percent anhydro galacturonic acid indicates

the amount of pectin in the sample atfter purification (except for
sample D which . was crude), and thus will be affected by the
extraction and purification procedures used. Since those methods



were difterent for samples B, C, D and E (Table 1) than for samples
F-1, F-2, F-3, G, H, I and J (Table ), they can not be directly
compared,

3.2 Percent HNethoxyl and Degree of Esterificaiion: methoxylation of
Coffee pectin from samples B and ¢ 1is similar to natural citrus and
apple pectins (Tables 1 and 3). Sample E (coffee pulp) was
demethoxylated by the alkaline extraction process used. The degree
ot esterification expected for natural pectins should not be higher
than 76X (Pedersen, 27), and all samples assayed where below this
limit. Purple Ribbon D-075 and Purple Ribbon Pure (unstandarized)
are low-methoxyl pectins, but the percent methoxyl of the D-075
sample was higher than what would Dbe normally expected. On the other
hand, the Brown Ribbon sample was classified as high methoxyl by the
manufacturer, but the degree of esterification obtained was below.
S0% (Table 3).

Coffee pectin samples F-1, F-2, F-3, H, I and J were
low methoxyl, with esterification degrees lower than that of the
commercial LM samples (Tables 2 and 3).

3.2 Acetyl: The acetyl content in pectins .should be lower than 2.6%
for adequate gelling properties (Pippen et:-al, 28). Pectin {from the
coffee mucilage samples B, C and E gave an acetyl content within the
same order of magnitude of that of commercial citrus pectin (Table
1). Other cottee pectin samples had sligthly- higher acetyl contents-
(Table 2), but still 1less than 2.6%,

3.3 Nitrogen: A1ll samples assayed (Tables 1 and 3), except one
(Purple Ribbon D-07S,L.M.), were within the FAO standard of 0.5 %
maximum nitrogen content (20).

3.4 Carbohydrates: Carbohydrate contents ot coffee pectin samples
(Table 1) were within the same order of magnitude as unstandarized
(pure) commercial pectins, like Citrus Pectin 603 and Purple Ribbon
Pure (Tables 1 and 3).

" 3.5 Molecular weight: The low molecular weight of the coffee pectin
samples B, C, (Table 1) and F-1, F-2, F-3 (Table 2) was probably
caused by enzymatic degradation during the extraction process at
neutral pH of the mucilage. Values reported 1in the literature tor
commercial citrus and apple pectins are higher than 50000, while a
citrus pectin sample degraded by heating at 119 °C for 20 min. gave
4 molecular weight of 20000-30000 (Owens et al, 29). For this
reason, for samples G and H, an acidified ethanol solution was used
to precipitate the Pectin, as proposed by Joslyn and Deuel (30).
Welght average molecular weights for pectin purified from samples G
and H were the highest of all coffee samples (Table 2), being about
the same order ot magnitude as that of the Green Ribbon apple
commercial pectin (table 3). The small molecular weight of sample
(Table 2) may have been caused by the low extraction pH used.

V)



3.6 Total ash: Total ash content for coffee pectin samples (Tables 1
and 2) is higher than that of commerctal citrus and apple samples
(table 3), but it meets the Food Chemicals Codex standard (31) 1981
of less than 10%; although not the Bulgarian standard of less than

5% (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 1%

(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 signitficant coefficient of determination r , at the
5% 1level, was found for an exponential correlation of equivalent
weight vs, esterification degree obtained from experimental data for
coftee 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 contidence range (Table 4) which is too wide to Dbe
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. Cotffee samples A, E, and D were not assayed; while samples
F-1, 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
significanti coefficient of determination r, at the 5% 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 (©°SAG): 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) 1is
not applicable to low-methoxyl pectins. Results can be seen 1in
Tables 1 & 3. All standarized commercial pectin samples were labeled
150 9SAG, but apple pectins averaged only 124.2 O9SAG; probably
because of Jelly grade losses during storage (Pedersen, 26).

Pectin from samples G and H formed clear Jellies by adding cCa**
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 CaClp solution, following the method described by Gross and Rao

(26).



3.11 Yields: Adding the amounts of pectin purified from muci{lage,
pulp Juice and Pulp solids from bourbon cotfee (see Table 2), a
pectin yield of 0.256% w-w (wet base) or 1.22% w-w of the fresh
fruit was obtained: on tresh coffee of 79% average moisture content.
This yield 1is smaller than the pectin contents mentioned in the
literature: Picado (1) reported pectic suhstances in the mucilage of
C.arabica as 33% dry Dbasis, or about 4.95% of the ripe fruit,
dry basis. Menchu et ail (3), found 15.9 to 18.2% pectin dry basis in
mucilage samples from Guatemalan coffee (23 to 3.6X dry base of the
ripe fruit), around 50% of which were water soluble. Orozco 4) ,
calculated 3.19% pectin dry basis o0t the ripe fruit, from Costa
Rican cotfee samples., Sudhakara Rao (5) , reported 2.39% pectin, dry
basis, ot ripe C.arabica fruits. Cleves (6) presents
analytical data from Costa Rican Coffee samples of 1.74% wet basis
0f pectin in the ripe coftee fruits. But comparison 1is hindered
because most values previously reported in the 1literature were
calculated from percent A.G.A determinations directly on the
mucilage, without previous puritfication. .

IV. CONCLUSIONS

Pectin from ¢. arablca varieties bourbon, caturra and
catimor, cultivated at 1500 m. altitude 1is low-methoxyl.

Weight average molecular weights fiom the coftfee pectins
assayed are within a smaller range than those of citrus and apple
pectin.

Pectin from the three coffee varieties tested did not form
consistent gels after the addition of ca** ions.

Coffee pulp (exocarp) is about 1.9 times richer in pectin than
cotfee mucilage.

V. AKNOWLEDGEMENTS

This research was supported by grant N© 936-5542~6-00~3065-00
from U.S.A.I.D.'s Program in Science and Technology Cooperation
(PSTC). The authors are also grateful for the callaboration recelved
from . Dr. Franz Rombouts of the Agricultural University, wWageningen,
The Netherlands, and from HMr. David R. Stevens, HP Bulmer Ltg;
Heretford, England.

Q


http:C.arabJ.ca

VI. REFERENCES
1. PICADO,C., Arq. Inst. Biol. Veg. 2, 67, (1934)

2. ROLZ.C; MENCHU,J.F; ES‘PINOZA.R: GARCIA-PRENDES,A., in Proceedings
sth International Colloquium on the Chemistry of Coffee, ASIC,
Lisbon, Portugal, June 14-19, 1971, .

3. MENCHU,J.F; de ARRIOLA,N.C; FUENTES,A; ROLZ,C., 1n Primera
Reunién Internacional sobre la Utilizacidn de Subproductos de
Café en la Alimentacisn Animal y Otras Aplicaciones Agricolas e
Industriales. Turrialba, Costa Rica, June 11-14, 1974.

4. OROZCO,R.A., in Primera Reuntén Internacional sobre 1la
Utilizacion de Subproductos de Café en la Alimentacisn Animal y
Otras Aplicaciones Agricola. e Industriales. Turrialba, Costa
Rica, June 11-14, 1974.

S. SUDHAKARA RAO0.G., J. Coffee Res., 5, 337, (1973).

6. CLEVES,R.,, Justificacién de un proyecto para investigar 1la
obtencién de pectina a partir del muctlago de café, Oficina del
Café, San Joss, Costa Rica, 1975.

7. CARBONELL,R.U; VILANOVA,T., in Beneficiado rdpido y eficiente del
café mediante el uso de soda ciustica, Boletin Técnico NO 13,
Centro Nacional de Agronomta, H.nisterio de Agricultura vy
Ganaderfa, FE1l1 Salvador, 1952., P. 66.

8. COLEHMAN,R.J; LENNEY,J.F; COSCIA,A.T; DICARLO,F.J., Arch. Biochem.
Biophys. 59, 157, (1955).

9. CALLE,H., CENICAFE (Colombia) 9, e22, (1958).
10.CALLE,H., CENICAFE (Colombia) 13, 69, (1962).

11.CALLE,H., 1in Subproductos del Café, Boletin Técnico NO© 6,
CENICAFE, Colombia, 1977, p.39

12.ROMBOUTS,F. Unpublished paper. Agricultural University,Dep.Food
8ci..De Dreijen 12, 6703 BC Wageningen, The Netherlands. (1983).

13.TUERENA,C.E. Carboxyl group distribution in pectin. PhD Thesis,
University ot Nottingham, U.K., 1983.

14.SCOTT,J.E. in: WHISTLER,R.L. (Editor), HMethods 1in Carbohydrate
Chemistry, vol.V, P.38, Academic Press, Inc: New York, 1965,

15.KINTER.,P; VANBUREN,J.P. J.FOOD SCI. 47, 3, 756, (1982).

16.WALTER,R; SHERMAN,R.M.;LEE,C. J.F00D.ScCI. 48, 1006, (1983).



10

17.R1220,A.F. J.Clin. Microbiol. 11,418, (1980).

18.A.0.A.C. Official Methods of Analysis of the Assoc. Oftictal
Anal. Chem.13'N eda. washingcon D.C., 1980.

19.HODGE.J.E..HOFREI}I‘ER.B.T. in: WHISTLER,R.L; BE MILLER,J.N;
WOLFROM,N.L. (Editors) Methods 1in Carbohydrate Chemistry, Vol.l.
pP.380. Academic Press, New York ana London. 1962.

20.FAO Food and Nutrition Paper NO 19. Rome, Italy, 1981.

21.FA0 Food and Nutrition Paper N© 5, Rome, Italy, 1978.

22.SCHULTZ,T.H. in: WHISTLER,R.L: BE MILLER,J.N; WOLFROM,M.L.
(Eattors), Methods 1in Carbohydrate _ Chemistry, Vol.V. p.189.
Academic Press, New York and London. 1965.

23.0WENS,H.S; LOTZKAR,H; SCHULTZ,T.H; MACLAY,W.D. J.Am.Chem.Soc. 68,
1628, (1946).

24.JOSEPH,G.H; BAIER,W.E. Food Technol. 3, 18, (1949).

25.IFT (INSTITUTE OF FO00D TECHNOLOGISTS). - Food Technol. 13, 496,
(1959).

26.GROSS,M.0; RAO,V.N.M. J. Texture Studies 11, 3, (1980).

27.PEDERSEN,J.X. in: DAVIDSON.R.L. (Editor), Handbook ot
Water-Soluble Gums and Resins. Mc Graw-Hill Book Co. New. York.
1980.

28.PIPPEN,E.L; MCCREADY,R.H; OWENS,H.S. J.Am.Chem.Soc. 72, 813,
(1950C).

29.0WENS,H.S; LOTZKAR,H; MERRILL,R.C; PETERSON,M. J.Am.Chem.Soc. 66,
1178, (1944).

30.JOSLYN,H.A; DEUEL,H., J.Food Sci. 28, 65, (1963).

31.FOOD CHEMICALS CODEX Food and Nutrition Board, Div. Biol. Sci.,
Assembly Life sSci., National Research Council. 3rd  eq, P.215,
National Academy Pres.s. Washington D.C. (1981).

32.BULGARIA. Bvlgarian Standar¢ BDS 2608-30, 1980. CFood Sci,
Technol. Abas. 15, 2vU130.]

33.0LSEN,A.G; STUEWER,R.F; FEHLBERG,E.R; BEACH.N.H. Ind. Eng. Chem.
31, 1015, (1939).

34.MO00N.S.J; SOHN,K.H; LEE,M.H; LEE,M.H. Korean J.Food Sci.
Technol.14, 63, (1982). (Food Sci. Technol. Abs. 15, 2T50, 1983}

2\



TABLE 1

PHYS1CO-CHEMICAL CHARACTERIZATION OF COFFE PECTINS

ANALYSIS COFFEE COFFEE COFFEE CRUDE CITRUS
(All determinations in dry MUCIL. MUCIL. PULP, MUCIL. PECTIN
base). PALIN PARRAM. PALIN PALIN 603

-] c . E D

X ANHYDRO GALACTURONIC ACID

m-PHENYL PHENOL method 93.00 86.80 95.24% 8.83 93.20

X METHOXYL CONTENT

Gas Chromatography 9.98 10.78 0.481 14.695

DEGREE OF ESTERIFICATION

Gas Chromatography 65.76 76.10 2.64 76.59

X ACETYL CONTENT

Gas Chromatography 0.38 0.09 0.3% 0.30
X NITROGEN, micro Kjeldah! 0.10 0.14 0.08 0.24%

X CARBOHYDRATE COMNTENT '

PHENOL-SULFURIC method 49.53 47 .15 51.73 42.60

X MOISTURE (oven method) 13.74 16.85 14.57 26.87 8.35

X TOTAL ASH CONTENT 6.20 5.63 1.97 5.50 2.96

EQUIVALENT WEIGHT

HaOH titration 4073 5611 2032

AVERAGE MOLECULAR WEIGHT

viscosity method 20965 26881 86TTA

X ACID-INSOLUBLE ASH

HCL boiling method

0.21




TALE 2

PHYBICO-CHENICAL CHARACTERIZATION OF PECTING Fmow 3 COFFEE VARIETIES

AALYSIS COFFEE PP PP PP BULNER
{M11 deterainations in dry WHOLE mITIL. MCIL. MICIL. MCIL. JUICE soLtd SoLID CITRUS
base), PALIN BOURB, CATUR.  -CATIN, BOURB.  'BOURB.  BOURB.  BOURD.  PECTIN
A fF-10 F-20 f-30 gee Hoo Jees Juoe 403

T MHYDRO GALACTURONIC ACID

O~PHENYL PHENOL aethod .77 g 45,40 n.n n.n .72 ".19 93.20
T METHOXYL CONTENT

6as Chrosatography 2.11 2.3 1.82 .n J.48 I3 11.65
DEBREE OF ESTERIFICATION .

623 Chrosatography 5.9 18.97. 23.88 30.53 23,08 2.8 76.5¢

MCTIN YIELD

L w/u of coffer $ruit 0.11 0.033 0.039 0.040 0.023 0,009 0.089

PECTIN YIELD

1 w/u of aare 1.0 10.85 1.5 8.2% 2.5 15.98 18.40 10,43

MARC YIELD

L w/w_of coffee #ruit .33 0.91 0.51 0.49 2,07 .22 3.8

T MOISTURE {oven method) 122 16,87 16,08 26,81 M.15 23.81 20.46 .33
T TOTAL ASH CONTENT 1.7 2.81 1.4 467 2.9 2,0 0.7 2,96

2 ACID-INSOLUBLE ASH

ML boiling aethod 1.3

AVERAGE MOLECULAR WEIGHT )

viscosity aethod 70" S A TY 354638 17888 a3 138 2159 T/ ]

8 Purified by sethod described in {13)

8t Puritied by quaternary ammoniua salt
883 Purified by precipitation with

11 Vol./vol,

aethod, pH 2, B0 *C, 13 ain.
acidified ethanol,



TARE 3

PHYSICO-CHENICAL CRARACTERIZATION OF COMMERCIAL PECTINS

GREEN

ANALYS1S 6ENY (33 ] GENU PURPLE BROWE PURPLE BLIE
{Al] deterainations in dry weight PECTIN  PECTIN PECTIN RIBBON RIBBOM  RIBBON RIBBON  RIDDON
), TWEA TWEBD T1pED PURE APRLE " D-073 APPLE APPLE
CITRUS  CITRUS  CITRus APPLE PPLE

T NMHYDRO GALACTURDNIC ACID

&~PHENYL PHENOL sethod 1294 88,11 8119 98.92 81.03 47.38 83.51 89,08
T METHOXYL CONTENT

s Chrmtngnphy 8.63 1.00 .54 5.8% 6.13 1.49 - 10.13 9.20
DESREE OF ESTERIFICATION :

6as Chroaatography 370 84.88 38,49 35,24 44,51 89,93 .3 44,00
1 ACETYL CONTENT

6as Chrosatography .30 0.32 0.3% 0.35 0.28 0.3 0.38 0.38
1 NITROSEN, aicro Xjeldahy 0.23 0.38 0.35 0.09 0.2 2,08 0.3 0.13
% CARBOHYDRATE CONTENT

PHENCL-SULFURIC method 043 .3 .99 31,49 82.80 39.06 82,03 3.4

T MOISTURE {oven sethod) 274 3.2 4.08 9.67 3.5 8.3¢ 10,02 10.19
T TOTAL ASH CONTENT 1.8 1.08 2.2 5.12 1.01 4,01 418 1.63

EDUIVALENT WEIGHT ' ) _

MalH tiiration 1053.4 1721 a39.1 299.53 4.4 $90.97 V.11 40,09

AVERAGE MOLECULAR WEIGHT

viscosity nethad 322 “n

SETTING TINE, suc, 143,05 J0.5%  213.8 155.73 2.4 47243
A6 263 19931 1800 12140 12843 126,12




TAELE A4
CONFIDEHCE BRANGES FOR SOME ABALYTICAL BESULTS

ANALYS1S : CONFIDENCE RANGE METHOD
(All determinations in dry base) a =z 0.05 REF.#
X ANHYDRO GALACTURONIC ACID

m-PHENYL PHENOL method : 1.0140 18

X METHOXYL CONTENT

Gas Chromatography 0.6503 16
DEGREE OF ESTERIFICATIOH

Gas Chromatography 4,2754 16

X ACETYL CONTENT

Gas Chromatography 0.0363 17.
X NITROGEN, micro Kjeldaht '0.0253 . 10

X CARBOHYDRATE CONTENT

PHENOL-SULFURIC method 1.4330 i9
1.HOISTURE (oven method) - 0.3036 20

X TOTAL ASH CONTENT 0.4641 18
EQUIVALENT WEIGHT

NaOH titration 202.7 22
SETTING TIME, sec. 9.7430 24
% gag 3.4467 a3




EXTRACTION OF PECTIN FROM COFFEE MUCILAGE:

1.26 kg.
COFFEE LOST

22.98 Kg.VATER

27.74 xg.
ETHANOL (DRY)
.

28.84 g.HC)

LI1GviD TO <-=-

ETHAROL BECOV.

T0 ACETONHE RECQV.<-----

]
]
]
]
v

FIGURE NO° 1

100 Kg.COFFEE FRUIT

' [
{===mn= ’

56.15 kg.COFFEE-MUCILAGE
(]

<===! DEMUCILAGIHATOH

-

]
31.14 Xg.HUCILAGE-WATER

(8.47 Xg.DRY MUCILAGE
]

SCREENIEG &
PRECIPITATION

2 ETHANOL
WASHINGS

A

ACETORE
WASHING

A

DRYING

—_—_ e ... D.496 Xg. MARC
’

)

MASS BALANCE

DEPULPING -----> 44.84 Kg.PULP

===> 2%.02 Xg.COFFEE

(DRY PARCHMENT)

------- > LIQUID T0

ETHANOL RECOV.

19.43 Kg.ETHANOL
(DRY)

2.33 Kg.ACETORE



FIGURE HO?
EXTRACTION OF PECTIH FROM COFFEE PULP: HASS BALANCE

100 Kg.COFFEE FEUIT

L]
[]
1.26 kg, ¢~----- ! DEPULPING
COFFEE LOST :

:
84.8% xg.PULP -
:

"~ ACETOHE.

[} (]
L] [}
! SCREV PRESS !
b o
: ‘
17.948 Kg.JUICE 26.90 Kg.PRESSED PULP
[] [
] (]
20 Kg.ETHAHOL-->} K : ' 1<~ 51 L WATER
(pure) i PRECIPITATION ' : EXTRACTION : (pH 2)
13 Kg.HCl1----~- >! ! : i1<=- HEAT
(pure) : : ,
3 : 28 L. SOLUTIOR
! VAC.FILTER ! :
: : : 1<--37 Kg.ETHANOL
! ! PRECIPIT.: (pure)
[] ] [} s
L} ] ] .
L1QUID T0 <--! 2 ETAANOL i¢-- 14 xg, —————7
ETH.RECOV. ! WASHINGS ! ETHAROL : ;
! : (pure). ! VAC.FILTER !
[} L] )
: — — '
L1QUID TO <--! ACETORE !<-- 1.7 xg. ' :
ACET.RECOV | WASHING !  ACETORE i 2 ETHAROL !<-- 26 Kg.
: ! ! WASHINGS !  ETHANOL
H LIQUID «<--! H {pure)
' ! T0 RECOV. :
{ DBYING ' !
' : LIQUID <--! ACETONE :<-- 61 Kg.
TO BECOV. ! WASHING !.

0.358 Kg.MARC H

DBYING

29.28 g. PECTIN .

$.023 Kg.MARC

309.1 g. PECTIN
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PURIFICATION OF COFFEE PECTIN

R.Garcta; W.De 1la Roca, C.Rolz. Central American Research Institute
for Industry (ICAITI). P.0.Box 1552, Guatemala, Guatemala,

SUMMARY

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 11 salt
method (cupric sulfate Pentahydrate), aluminum salt method (AlCl3),
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 studfed n 23 factorial designs for
each method. Lower pH values Caused better yields in all methods.
Time-pH interaction at the high level jimproved purity i{n the copper
method, while temperature-sH interaction at high level favored
purity in the other methods. The quaternary ammonium salt method was
considered the best, The aluminum sailt method gave the lowest yields
and the copper salt caused a difficult to remove greenish color in
the pectin.

I. IRTRODUCTION

In order to compare its physicochemical properties with
available commercial pectins, the alcohol-insoluble solids extract
from coffee mucilage or cotfee Pulp Juice must be purified. Several
purification methods have been tried for pectin purification. Among
the most common are the use of inorganic salts liKe Cu*? salts (1,
2, 3, &4 5); aluminum salts (6, 7, 8); ammonium salts (2, 10);
acidified alcohol (2, 9, 11, 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 were developed specially for the removal
of sugar impurities which are not part of the pectin molecule. Since
there is no starch in the mucilage from ripe coffee fruits, there is
Bo use for amilolytic eniymes, )

I1. MATERIALS ARD METHODS

2.1 Coftee: Coffee fruit of the Bourbon variety of Coffea
arabica was obtained from a farm in Sacatepéquez, Guatemala, at
1500 m, altitude. ~

2.2 Pectin extraction: Coffee fruit samples were brought to the
ptht_plapt in the same day they- were harvested. The- £irst operatiqp
was washing with water:-‘followed by sélection 0 eliminate- fmmatupe



fruits and {floats; then the skin or exocarp was mecohanioally

eliminated (depulping). The mucilage~covered coffee beans were then
Placed in a locally made batch 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 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 contajiner with an 84i% ethanol
solution, acidified with uCl (750 ml. 95% ethanol, S0 ml. HC1 conc.,
200 ml. water). The precipitate formed was separated by decantation,
washed with 754 v/v ethanol, then with 8ix v/v ethanol and finally
with acetone. The precipitate was then dried for 48 h. at 35 9¢, to
obtain the marc. :

2.3 Purification: All assays were made ut{lizing the marc obtained
by the previously mentioned extraction method, prepared as X 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 reported by De Luca and. Joslyn, (5); Bhatia et al,
(7): and Tuerena, (8).

Extraction conditions applied to the mare (high and low levels
for the factorijal design) were: pH adjusted to 3.0 or {.86 with HC1
SN, 80 or 60 O¢ for 30 or {5 min,, after which the extract was
filtered first through cotton and then through djatomaceous earth in
a Buchner funnel under vacuum, to obtain a clear solution. The
former filtration step lasted from 2 to 6 hours. Then the PH of the
solution was again adjusted with HCl to 4.1 and mixed with a 5% w/v
aluminum chloride solution with PH also adjusted to 4.1, in a
proportion of 60 ml.A1C13/L.pect1n soln., to obtain an aluminum
pectinate precipitate, which was washed 4 times with the following
solutions: i) Acidified ethanol (4: 1 ethanol 95% /HCl conc.). it)
Ethanol 602 iii) Ethanol 7o0x iv) Ethano! 95%; and then vacuum
filtered through a cloth. :

After washing, the sample was dried at ambient temperature.

2.3.2 Copper 11 aalt method: The procedure recommended by Rombouts,
(10), was modified: the Pectin extraction conditions were varied in
the same way as with the aluminum salt method; then the sample is
vacuum filtered in a Buchner funnel, first with cotton and then with
diatomaceus earih until a clear solution is obtained. The pH of the
clear solution was adjusted to 4.0 before adding the same volume of
the copper reagent (prepared by mixing 18.8 g. cupric sulfate
pentahydrate, 54.4 g, sodium acetate trihydrate, 24 mi. glacjial
acetic acid ang distilled water to complete 2 L) in an intermittent
form (i/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 with an  acidified alcohol solution (4: 1 ethanol
95% /HC1 conc.), to eliminate the copper, and then washing by
suspending the solids in: a) ethanol 60x; b} ethanol 70%; and ¢)



ethanol 95%; after which the purified pectin was left to dry at
. ambient temperature,

2.3.3 Quaternary ammonium 8alt method: the method described by
Rombouts, (10), was adapted to coffee pectin: the pectin extraction
conditions were varjed in the same Way as with the aluminum salt
method; after obtaining a clear Pectin solution, f{ts PH is adjusted
to 8.5 and 1 L. of this solution {s mixed with 5 ml. of iM ammonium
sulfate solution; then the temperature i{s rajised to 37 0C, and 250
ml, of a 2% quaternary ammonium salt (hexa-decyl-trlmethyl ammon ium
bromide) is added, as recommended by Scott, (9). The sample was Kept
at 37 9C for hour Dbefore centrifuging and then washing the
Precipitate 3 times with distilled water, followed by suspending the
Pectin precipitate in 300 ml. of $* NaCl solution, and then the
-temperature was rajised to 37 °C for 10 min., after which 600 ml. of
acidified ethanol are added (1:4 HCl conc./ethanol 954) to
precipitate the pectin., It is left to rest between i and 12 hr. for
complete precipitation before vacuum filtering with a cloth,
followed by washing with alcoholic solutions in the same way as in
the copper II method; and finally it {s left to dry at ambient
temperature. Figure { Shows a block diagram for this method, with
the amounts calculated for purifying 100 Kg. of fresh coffee fruit;
with low levels of PH and extraction time and nigh level ot
temperature,

2.4 Statistical analysis; 23 factorial designs (22) were performed
for each of the above mentioned puriflcation methods, to determine
the influence of extraction conditions }ike temperature, time and pPH
on two responses: purity as % anhydro galacturonic acid, and yield
48 X pectin w/w {n the marc. The higher and lower levels for the 3
factors are shown in Table 1.

I11I. RESULTS AND DI1SCUSSION

3.1 Copper 11 salt method: Table ‘2 presents results for purity
expressed as % of anhydrogalacturonic acid and identified as %AGA.
The F values indicate that the time-pH interaction and the triple
interaction were significant at the 0.05 level, with 2 positive mean
efftect 2, indicating that simultaneously increasing the values of
temperature, time and pH will increase the purity of the pectin.
Rowever, the purified 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
43 X w/w pectin/marc. For this response, only the effect of factor b
(PH) was significant at the 0.05 level, with a negative 2,
indicating that decreasing the PH value will increase the yield.

3.2 Aluminum salt method: Purity results can be seen in Table 3.
This method gave the lowest purity values. The temperature-pl
interaction and the triple 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

2!



the copper Il method, only the pH had a significant effect on yield,
with a negative mean effect. :

3.3 Quaternary ammonium salt method: Table & contains the purity
results for this method. The effect of pH was 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
4 negative mean effect, in the same way as the other two methods

tested.

IV. COHCLUSIONS

The quaternary zmmonium salt method was considered the best of
the 3 methods tested because it gave adequate yields and purity
without adverse side-effects l1ike the greenish color of ‘the
copper-purified pectin.

The best extraction conditions for the quaternary ammonium salt
method were 15 min. at 60 9C, and pH 1.86. :
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TABLE 1

CODES FOR FACTORIAL DESIGHS

a ] [
_ EXTRACTION EXTRACTION EXTRACTION
LEVEL TEMP. TIME pH
HIGH 1 = 80 °C = 30 min. 1 = 3.0t
F(L/7) - 5,6; 0.05%



TABLE 2

COFPER METHOD, DRY BASE, RESPOHSE = 2 AGA

PECTIR PURIFICATION FACTORIAL DESIGH

MEAN
CODE XAGA1S XAGA2 AVG. TOTAL EFFECT 23/16 F
2
000 (1) 90,69 89.7¢  90.20 180. 40 1381.47
100 a 89.86 78.33 84.10 168.19 2%5.17 39.60 1.46
0to0 b 86.62 68.03 77.33 154.65 241.49 107.59 3.9%8
110 ab 91.04 89.27 90.16 180,314 48.99 126.5% 4.68
00t c 77.89 81.66 79.78 159.55 14,37 12.91 0.48
10 ac 80.31 81,54 80,93 i51,.85% -4.73 0.19 0.01
011 be 92.43 91.12 91.78 183.55 68.75 295,41 10,92
118 abc 98.28 94.69 -96. 49 192.97 59.48 220.a9 8.17
8 = Significant at the a = 0.08% level
TABLE 3
ALUMIHUM DEY BASE, RESPORSE := .2 AGA
PECTIR PURIFICATION FACTORI1AL DESIGH
MEAR
CODE XAGA1L 2AGA2 AVG. TOTAL EFFECT 22/16 F
4

000 (1) 41,44 62.38 31.914 103.82 977.92
100 a 60.07 49.74 .91 109.481 65.58 268.80 2.96
010 b 81.07 63,85 2.46 144,92 67.22 282.44 J.41
110 ap 58.46 50.68 58.57° 109.14 -28.08 49.28 0.54%
00t ¢ S7T.7T7 42,67 50,22 100.44 42,54 113.10 1.25
101 ac 68.43 72.89% 70. 64 141.28 128.16 879.06 10.78
01¢ bp¢ 47.52 59. .7 53.50 106.99 -13.64 11.63 0.13
111  ab¢c 82.712 78. 480 80.76 161.52 107.37 720.52 7.93

® 3 Significant at the q = 0.05 level
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TABLE 14
AMMOEIUM DRY BASE, RESPONSE : X AGA
PECTIH PURIFICATION FACTORIAL DESIGR

MEAN
copr TAGA1 2AGA2 AVG, TOTAL EFFECT z22/16 F
3

000 (1) 90. 44 86.38 808.41 176.82 1367.74

100 a 98.00 94.90 96.45 192.90 =-56.19 197.33 8.97
00 » 93.56 93.85 94.71 109.41 ~17.0¢ 18.08 0.46
110 ap 82.44 86.62 88.03 176.06 =335.67 193.70 &.88
001 ¢ 84.0A 035.45 84.75 169.49 -102.67 658.82 16.58 »
101 ac 74.33 78,82 76.58 153.15 -61.65 237.55 5.98 «»
011 bc 8s.87v 90.36 68.12 176.23 -8.51 .53 0.114

111 abc 78.29 $5.36 66,03 133.65 91. 50 S524.81 13.20 »

2 = Significant at the a = 0.05 level

TABLE 5
COPPER METHOD DRY BASE, RESPOHSE = ® YIELD
PECTIN PURIFICATION FACTORIAL DESIGH
MEAR

CODE  XYIELDY IYIELDZ AVG. TOTAL EFFECT 22/16 F
z

—

000 (1) 18.251 13,6881 14,07 28.13 131.70
a

100 16.234 15,028 15.63 31.26 9.97 6.22 0.986
010 b 17.828 7.928 12.88 2%.76 0.47 0.0t 0.00
£10 abp 15.935 15.463 15.70 31.40 .24 1.12 0.18
01 ¢ 2.719 0.5%523 1.62 J.24 -101.39 682.52 101.65 a
101 ac 1.173 1.806 1.49 2.98 -7.57 3.5¢ 0.57
011 bpc 1.694 2.044 1.087 .74 4.95 1.353 0.24

111 abdc 2.023 J.177 2.60 S.20 13.29 11.03 1.7%

8 = Significant at the q = 0.05 level



FIGURE NO 4
COFFEE PECTIH PURIFICATION, AMMONIUM SALT METHOD
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PRELIMINARY ECONOMICS FOR THE INDUSTRIAL PRODUCTION OF COFFEE PECTIN

Ricardo Garcta; Carlos Rolz., Central American Research Institute #for
Industry (ICAITI). P.0.Box (552, Guatemala, Guatemala,

SUMMARY

A preliminary economic study w.s made to explore the
feasibility of producing pectin (low methoxyl) from coffee (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 {s 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 1if most of the equipment is made
locally.

1. INTRODUCTION

Coffee 1is 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 1980-8f season.
Cotfee {s 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 .7 million
people (around 25% of the total population of the country). However,
the international coffee market have been characterized by short
periods of high prices followed by prolongued pericds of depressed
values. A better by-p1 »duct utilization may be a way to stabilize
the economy of coffee } “oduction,

In the traditioial wet coffee processing used in Central
America, Colombia, V:nezu=la, Mexico and some other Latin America
and African countries, ‘ipe coffee fruits are fed to a pulper
machine wherein, Ly £riction, 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 fermentat.on 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 process the
. mucilage 1is broken down and the products of its ‘hydrolysis are
washed down with water when fermentztion ends. In most coffee
pProcessing plants or "beneficios", water from the fermentation tanks
is mixed with other wash and processing waters and recycled,
pProducing a solution with a chemical oxygen demand up to 30000 ppm.
(Rolz et al, 197f ) which is dumped into rivers causing severe
pPollution problems. However it is possible to remove the mucilage
adhering to the coffee beans by mechanical means without the
fermentation step, with commercially available demucilaginating
machines, making it possible to recover pectin fror the mucilage.



Unfortunately there is no information about the economical
feasibility of industrial coffee pectin recovery, For this reason,
the Centra) American Research Institute for Industry (ICAITI)
carried out g3 research project in which it made a Physicochemical
characterization of pectin from coffee mucilage, coffee puiln
(exocarp) angd coffee pulp Juice, having determined that for
Guatemalan Coffea arabica var, Bourbon, Caturra and Catimor, the
Pectin was low-methoxyl, low molecular weight, forming gels with
Cat*? fons (Garcia et al, 1986).

2,MARKET

Pectin consumption in Centra)l America“is “low., In a survey made
in 1974 (ICAITI, 1971), it was repoicted that 927 metric tons of
Jellies and marmelades wepre produced in -Central America,. Estimating
i* w/w pectin added, only about 9.27 metric tons of pectin wepre
consumed that vyear. Assuming that Jelly production increased at the
Same rate of demographic growth, 13.2 t, of ~pectin would have been
consumed fopr 1986, ‘and around 16.8 t. will ‘be used in 2000, It is
clear that the local market is too small for sustaining pectin
production, ang external markets must be sought.

Since there is more than enough raw ‘material supply for pectin
production in tne world, and only about 124 of the pectin produced
is low-methoxyl (Towle and Christensen, 1973), coffee pectin must be
able to compete both in price and quality as a natural low methoxyl
product,

3.RAW MATERIAL

It has been determined (Garcta et al, 1986) that around 450
metric tons of fresh coffee fruit is required to produce 1 metric
ton of pectin. The amount o+ coffee produced in Central America
would yield ovep 1000 t of pectin/year , but since much of the
coffee crop is processed in small "beneficios", Perhaps only in EI
Salvador, that has the biggest wet coffee processing plants in the
world, may it pe possible to develop an industrial pectin recovery
project,

4 PLAHT CAPACITY

The process equipment was designed initially for-a 11 metric
ton/year Plant, and its ¢ost was estimated from U.S. and european
.equipment manufacturers quotations and from literature data (Peters
and Timmerhaus, 1980), updated by Marshall and Swift installed
équipment indexes. The total! unjt product cost was then calculated
based on estimations for chemicals, labor, energy , indirect and
fixed costs, With the total product cost, the internal rate o¢f
return was calculated. Since the {1 t/year plant gave a negative
rate of return, the plant size was increased and the equipment cost
Was adjusted by the six-tenths-factor rule (Peters and Timmerhaus,
1980). The total product cost and the internal rate of return were



then recalculated. The procedure was repeated for several plant
Capacities. The results can be seen in Figures { and 2, It was
estimated that a Plant capacity of around 350 t/year of coffee
pectin may be the minimum size for recovering the investment,
depending on bank interest rates . Since most of the equipment could
be made in Central America at a substantial reduction in cost, and
the mimimum size for the plant would be smaller, a simulation was
made assuming equipment cost reductions up to 50%Z and then
Calculating the minimum plant capacity that could give a 167
internal rate of return. Results of this simulation are presented in
Figure 3. It can be seen that a 50% reduction in equipment cost will
produce about a 47% decrease in the minimum plant capacity required
to obtain a 6« internal rate of return.

5. ENGINEERING

A preliminary design was made based on laboratory data
concerning use of .solvents, vyjelds, stream concentrations, etc.
Pilot plant tests will be necessary to obtain engineering data for
scale~up., For this reason, the present work has to be taKen only as
& rough initial estimation.

An outline of the process is presented in Figure 2

S.41 Extraction .

After depulping in the coffee "beneficio”, the mucilage-covered
coffee beans will be transported to batch demucilaginating machines
(locally made), that resemble waring blendors. This operation
requires the addition of a certain amount of water, and lasts about
15 min. The mixture of coffee beans and Separated mucilage coming
out from the demucilaginating machines is separated in a screener.
The coffee beans will be sent back to the "beneficio® for further
processing as the Principal product, while the mucilage will be fed
to extraction tanks where it will be blended with an HCl solution at
PH 2.0, and heated at 80 O¢ for 30 min.

The coffee Pulp or exocarp separated from the coffee fruit in.
the depulping machines of the "beneficio", will be transported to
locally-made screw presses that will separate about 45% by weight of
a liquid called coffee pulp juice. The solid residue, called pressed -
Pulp; and the Juice, will be sent to extraction tanks for an
operation similar to that described for the mucilage.

5.2 Concentration

After éxtraction, the pectin solution will be pumped to a
double effect evaporator, for a 5:1 concentration. Hydrochloric acid
will be recovered in the condensed vapors.

5.3 Precipitation
The concentrated solution will be pumped to stirred tanks to be

blended with twice its volume of ethanol to precipitate the pectin.

S.4 Filtration and washing .
The precipitate will be separated from the solution in filter



presses and then sent to tanks for blending with water to makKe a
suspension that will be re-precipitated with ethanol and filtered
dgain. This operation will be repeated two times before a £final
washing with acetone.

5.5 Drying, milling and packaging

The wet pectin precipitate will be dried in a tunnel with air
at 45-60 °C, milled in a stainless steel hammer mill and filled into
polyethylene bags Placed into fiber drums. The bulk density of the
dry pectin powder was estimated as 759 Kg./m3,

5.6 Ethanol and acetone recovery

It is necessary to recover as much acetone and ethanol as
possible by distillation, for the process to be economical. A Joss
of 2.5 L. ethanol (95 v/v) and of 0.25 L. acetone/Kg. of pectin has
been estimated.

6 INVESTMENT COST

Table I shows figures for a 350 t/year coffee pectin plant. The
factors used for estimating the investment cost can be seen in Table
III. Notice that the factor for installation is lower than the ones
used in industrialized countries.

7. TOTAL PRODUCT COST

Table II contains some of the data used for estimating the
total product cost for a 350 t/year coffee pectin plant, operating
110 days/year (during the coffee season),

Table III ghows factors used to estimate some of the cost
elements used in Table II.

A loan covering TOZ of fixed and working capitals was assumed
to calculate the interest costs.

It can be seen in Table II that interest on fixed capital is
the dominating cost, followed by ethanol and acid costs. This means'
that {f the capital investment could be reduced by building most of
the equipment locally, a significant improvement in product cost may
be achieved.

8. PROFITABILITY

Internal rates of return, defined as the interest that makKes
the net present vajlue equal to zero (Figure 1), were calculated with
4 Lotus 1-2-3 spreadsheet program in an IBM PC microcomputer; using
4 sales price of US s 7.27/Kg. for pectin (Anon., 1986), a plant
11fe of 15 Years, operating at 80% capacity for the first Year, 95%
Capacity the second Year and 1004 for the rest,
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TABLE 1

INVESTMENT COST, US$ FOR 350 MT/"EAR COFFEE PECTIN PLANT

EQUIPMENT CIF 2943510, 91
INSTALLATION 735877.73
LAND = edmeeaaoo
PLANT BUILDINGS 115500.00
OFFICE BUILDING 4000.00
INSTRUMENTATION 264915.98
ELECTRICAL INSTALL. 2943%1.09
PHYSICAL COST 4356155.71
ENGINEERING 6353723.36

DIRECT COST

CONTRACTOR'S FEE
CONTINGENCY

FIXED CAPITAL IHVESTMENT

PLANT STARTUP
WORKING CAPITAL

$011879.07
250593.95
$01187.91

5763660.93

172909.83

381675.00

TOTAL IRVESTHENRT

86, 318, 245.75
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TABLE 11

TOTAL PRODUCT COST FOR COFFEE PECTIN, 350 MT/YEAR

UNIT/K¢. pec. $/UNIT. $/YEAR $/Kg. pec, x

- DIRECT CGSTS
ETHANOL, L 2.5 0.340 297500.00 0.850 16,34
HCl conc.,L 0.1 5.800 203000.00 0.580 13.19
ACETONE, L 0.25% 1.230 107625.00 0.308 6.99
PACKAGING 0.072 25305.00 0.072 1.64
STEAM 0.09 0.008 262.64 0.001 0.02
ELECTRICITY 0.70 0.057 13667.00 0.040 0.90
WATER 0.18 0.093 5859.00 0.017 0.38
DIRECT LABOR
13t. shisft 0.400 14080.00 0.040 0.92
and. gnist 0.500 17600.00 0.0%50 1.4
ard. ghise 0.600 21120.00 0.060 1.37
SUPERVISION ‘ "10%60.00 0.030 0.69
MAINTENANCE 4152, 66 0.126 2.87
PLANT MATERIALS 883.05 0.003 0.06

INDIRECT COSTS

FRINGE BENEFITS 8817.60 0.025 0.57
QUALITY CONTROL 10560, 00 0.030 0.69
TRANSPORT 0.060 21000.00 0.060 1.36

FIXED cOSTS

DEPRECIATION: :

EQUIPMENT 98117.03 0.280 6.38
BUILDINGS 1991.67 0.006 0.13
INSURANCE 28818.30 0.082 1.87
ADMINISTRATION 7633.50 0.022 0.50
SALES COST 25445, 00 0.073 1.65
INTEREST/FIX.CAPITAL 524493, 14 1.499 34.09
INTEREST/WORK.CAPITAL NT32.43 0.099 2.26
CONTINGENCY 15234, 23 0.044 0.99
TOTAL PRODUCT COST $1538657,26 $4.396 100.00
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TABLE 111
FACTOBS FOR COST ESTIMATION

CAPI1TAL INVESTMENT

INSTALLATION 0.25 of equipment cost
INSTRUMENTAT ION 0.09 of equipment cost
ELECTRICAL INST. 0.10 of equipment cost
ENGINEERING 0.15 of physical cost
CONTRACTOR'S FEE 0.05 of direct cost

CONTINGENCY 0.10 of direct cost

PLANT STARTUP 0.03 of fixed capital investment
WORKING CAPITAL 0.15 of annual sales

TOTAL PRODUCT COST

DIRECT cosT

SUPERVISION 0.20 of direct labor
MAINTEMNANCE 0.03 of equipment cost
PLANT MATERIALS 0.02 of maintenance cost

~ INDIRECT COST

FRINGE BENEFITS 0.167 of direct labor + supervision
QUALITY CONTROL 0.20 of direct labor

FIXED INDIRECT COST

INSURANCE 0.01 of fixed capital cost
ADMINISTRATION 0.003 of annual sales

SALES coST 0.0f of annual sales

INTEREST 0.43 of 70% f£ixed and working capital
CONTINGENCY 0.0f of total manufacturing cost

ﬂ‘
X



FIGURE H93
PROCESS FOR PECTIN PRODUCTION FROM COFFEE
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FIGURE NH93 (CONTINUED)
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