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ABSTRACT

Coffeeisatypical drink with substantial increasing in global. With the growing popularity of coffee consumption,
raw materials of coffee bean are mostly imported and are increased year by year in Taiwan. The study isfirstly based
on a qualitative research method of an in-depth interview, discussion, field investigation, and analyzing environment of
coffee industry in Taiwan to realize the problem. And then, a quantitative research method finds out an approach of
fermentation to help development of thisindustry. This research has achieved the approach to ferment a good quality
coffee bean which improves the local bean with the competitive ability with import product.
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INTRODUCTION

Coffee is a typical drink with substantial increwsin global. With the growing popularity of coffeensumption,
raw materials of coffee bean are mostly imported are increased year by year in Taiwan. This rebehas
achieved the approach to ferment a good qualitieedfean which improves the local bean with thepetitive ability
with import product. The study is firstly based amualitative research method of an in-depth unt@r, discussion,
field investigation, and analyzing environment affee industry in Taiwan to realize the problem.ndAthen, a
guantitative research method finds out an appro&étrmentation to help development of this indystr

Coffee consumption in Taiwan: The coffee bean was imported total 4,238 tonek9®8 but it increased 13,872
tons in 2007 about 3.3 times as much as the pasgdars (ICO, 2010). Due to financial crisis griowmnport was
slightly reduced to 11,600 tones in 2008. The pobcis the main constituents of coffee extract iwaseased from
3,812 tones in 1998 to 6,779 tons in 2002, and asntaining about 6,000 tons in recent years. Qmn wlnole,
coffee-related products were imported 19,283 toitls value about NT dollar 28.2 billion in 2008. &kcope of the
coffee plant is expanding to 561.0 hectares andymed a total of 452.7 tones of coffee beans irwadiiin 2007.
Observation showing growth trend of consuming, veeexpected the planted area continuing to rigatime. As the
leisure industry developing prosperous, the denmfandcoffee is greatly increased to expect localfemfbeing a
Taiwan's new agricultural. The development of eefiindustry would be stressed coffee brands, cardbinith
cultural, and tourist resources backed up markebtragtract the public in-depth place of origimps® to and experience
with coffee-related activities. And then, it ispected to form a unique coffee culture industrif@iwan. Following
the growing coffee tree, a technology is needeeat coffee fruit for product of quality and exfiee of coffee beans
for the local farmer.

INVESTIGATION LOCAL PROCESSING TECHNOLOGY

Coffee is fermented to remove a layer of mucilagenfthe seed inner integument to which it adher&nffee
fermentation is conducted for rather different oeesthat contribute nutrition, taste, stabilitydditavor all of these
benefits on raw materials of coffee beans. Butnéntation which is badly conducted can resultigastrous losses
in quality. To produce coffee beans, there areethistinctly different coffee processing methoaet process, dry
process, and semi-dry process. In Taiwan, prelirgipeocessing of coffee is once picked red coffieerdes which are
immediately processed with wet process. The wethate requires the use of specific equipment andstamtial
guantities of water. When properly done, it ensdhat the intrinsic qualities of the coffee beares better preserved,

154 The Journal of International Management Studies, Volume 5, Number 1, April, 2010



producing a green coffee, this is homogeneous asdféw defective beans. Hence, the coffee prodbgethis
method is usually regarded as being of better yualid commands higher prices. The product preses$ wet
method are sorting and cleaning, pulping, wasHermmentation, washing and drying.

Sorting and Cleaning: Coffee harvesting is normally occurs in the mognsgince the afternoon and evening is
reserved for pulping operations. Given that pupaiways takes place in the late afternoon throtighevening.
Even after careful harvesting, a certain numbepasfially dried and unripe cherries, as well as s@tones and dirt,
will be present among the ripe cherries. As in dimg method, preliminary sorting and cleaning of ttherries is
usually necessary and should be done as soon amlpoafter harvesting. This operation is donewashing the
cherries in tanks filled with flowing water. Scnsemay also be used to improve the separation ketie ripe and
unripe, large and small, cherries.

Pulping: After sorting and cleaning, the pulp is removednfrthe cherry by a machine which squeezes the
cherries between fixed and moving surfaces. T giuthe fruit is separated from the beans betbeedrying stage.
The flesh and the skin of the fruit are left on eide and the beans, enclosed in their mucilagipanshment covering,
on the other. The clearance between the surfacadjiisted to avoid damage to the beans. Thengutgberation
should also be done as soon as possible afterdienyeo avoid any deterioration of the fruit, winimight affect the
quality of the beans. The pulped beans go on bwating screens, which separate them from any Umeguor
imperfectly pulped cherries, as well as from anmgéapieces of pulp that might have passed throughthem.

Washing: From the screens, the separated pulped beanpaissrthrough water-washing channels where a further
flotation separation takes place before they ant sethe next stage. Because the pulping is dgnenechanical
means it normally leaves some residual flesh asagethe sticky mucilage adhering to the parchnsentounding the
beans. This has to be completely removed to asmidamination of the coffee beans by products tiesufrom the
degradation of the mucilage.

Fermentation: The newly pulped beans are placed in large feratiemt tanks in which the mucilage is broken
down by natural enzymes and microbiology untisitlispersible, when it can be washed away (Avalena.). The
fermentation must be concluded as soon as posaftde sufficient mucilage degradation has been mptished.
Unless the fermentation is carefully monitored, tiwdfee can acquire undesirable, sour flavors. 1Rost coffees
mucilage removal takes between 24 and 48 hourse mibst important of these conditions is dependingtie
temperature, thickness of the mucilage layer amtteatration of the enzymes and microbiology. Thd ef the
fermentation is assessed by feel, as the parchsserdunding the beans loses its slimy texture aogliees a rougher
pebbly feel. This is ascertained by rubbing theclpaent between your fingers to note whether tligirgrss of the
parchment surface can yet be felt.

Washing: The mucilage which covered on pulped bean is d kinpectin needed to proper degradation to sugar
which is contributed a good sweet taste and cardlaebr during toasting coffee bean. But it is aky over
fermented to continue degrading sugar to alcohmtid acidic compounds which lead to coffee beansonbt lost
sweet taste also contaminated with acidic flavoid @dors.  After fermentation, they are requireatdluighly washed
with large amount clean water in tanks with speeiglshing machines. The coffee bean is releasiny gfa
component or nutrition during washing with strorayyer water.

Drying: The wet parchment coffee bean at this stage asnsisapproximately 57% moisture. It is needed to
reduce the moisture as soon as possible to an wptith?.5% the parchment coffee either in the sum, imechanical
dryer, or by a combination of the two. The sunidgyis done on extensive flat concrete or brickaareknown as
patios, or on tables made of fine-mesh wire nettinghe beans are laid out in a layer of 2 to 10 ang turned
frequently to ensure even drying. Sun-drying stidake from 8 to 10 days, depending upon ambienpésature and
humidity. Coffee dries more quickly if raised ambles because of the upward draught of warm aihe Use of
hot-air drying machines becomes necessary to sppetthe process in large plantations where, at tak pof the
harvesting period, there might be much more coffe can be effectively dried on the terraces. éler, the
process must be carefully controlled to achievisfsatory and economical drying without any damemgguality.
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WHAT ISPROBLEMSTREATMENT OF CURRENT COFFEE?

The main problem is come from improper fermentatioRulped coffee contains about 17% of sugar, andi#e
of pectin substances, and 13% protein. Howevergctimgitions, they provide exceptionally useful itign toward
wild microbial flora. Because the fermentation g#ss is happened in the fruit-inhabiting communitighout
inoculating microbiology, it takes 24~48 hours tmgest the residual pulp. The temperature of eitbieithese
processes is scarcely raised ovefG@bove ambient temperature reflecting the lackxgfien diffusion to the heart of
the mass. The fresh mucilage has pH original abdufalling to a minimum of about 3.1 to 3.3. Base improper
fermentation, the badly odors coffee beans areimedjwashing out with substantial amounts of watetanks with
machines (18 kg water for 1 kg coffee). Even thgughich results in the coffee bean acquires slawofs and evil
odors. Investigation local processing technolofjgaifee beans is deficient which is caused lowesligy of coffee
beans and weakness of international competitiveiresaiwan now. From a taste quality point of vjethe
fermentation steps and operations are requirecbcorince to certain criteria.

Following the growing coffee tree, a technologyéeded to treat coffee fruit for product of quabtyd expertise
of coffee beans for the local farmer. But, invgation local processing technology of coffee baargeficient which
is caused lower quality of coffee beans and weako&mternational competitiveness in Taiwan now.

METHODS

Coffee cherriesoffea arabica) were hand-picked at the mature stage in farmms fitee Taitung County, Taiwan.
Skin and pulp were mechanically eliminated and dipgd beans were then prepared as sample for féamtien
Samples were harvested from four different farneations at the county.

Coffee Cherry

Coffee cherry must be treated in 24 h after haedest The present work is a wet processing. Thi Was
mechanically pulped to take off skin and green emffbean was fermented with adding enzymel, enzyme2,
Leuconostoc mesenteroides, Kluyveromyces marxianus, Kluveromyces lactis, Rhizopus oryzae, Aspergillus niger, and
Aspergillus niger with enzymel (Bluemke et. al., Bramorskial., Christenet. al., Collins., Jackels et. al., Janssens et.
al., 1992, 1988., Medeiros et., al., 2006, 2003)1202000, Soares et., al., US Patent 4867992). r&heired
fermentation time, reduced sugdg), and pH was determined when mucilage of greefeedbeanwas removed.

And then, green coffee bean without washing waectliy dried to moisture content 12% by sun.

Deter mination of Proper Fer mentation

Green coffee bean was fermented by mixtur@spergillus niger with enzymel. The characteristics of the final
fermentation as reduced sugar (%) and pH were detedrduring processing of fermenting time from 1ohl2 h.
Four samples of cherries were monitored its redscear (%) when it fermented at pH 4.6.

Evaluation of Coffee Cupping

Green coffee bean was roasted to medium with al sozdter and then cupping by trained and expeei¢sacher.
A sample of 12 g medium roasted coffee was finehugd and placed in a glass cup. The aroma ofittkend coffee
was smelled and then the brew was made by addashlir boiled water. The aroma of the crust andkdmocrust
were sampled. Following crust removed with staslsteel spoons, the coffee was tasted by aspiriatio the mouth
and nose. Scores were recorded for aroma, bodyityadlavor, after-taste and balance accordingA8C(Sweet
Maria's home coffee roasting, The Caves). Thd &mares were tabulated on a 100 point scale were 100 is
excellent, 80 ~ 90, very good; 70~80, commercialdgr and below 70, poor or damaged. Statisticalysisawas
carried out using SPSS (version 14.0 for Windowe520 The pH of brewed coffee was measured by pkeme
(model)
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RESULT

Effect of Fermentationsand Time on Green Coffee Bean

In a pre-testRhizopus oryzae and Aspergillus niger were able to degrade part of mucilage and pedticofiee
cherry at 24 h fermentation to have reduced su@a5% and 11.38% (Table 1)Leuconostoc mesenteroides,
Kluyveromyces marxianus, and Kluveromyces lactis were found a different capability. Cellulase wasind with
reduced sugar 9.87% at 30 m. In an advance resefachentation by cellulase mixed withspergillus niger
produced 14.15% reduced sugar and pH 4.8 at 30dnyiout slipping feeling green coffee bean bydan

The component of cherry is about 12% protein anggamicharides. A. niger or enzyme fermented or degrade
them into small compounds such as peptides, anuith and sugar can be absorbed or permeatablegtnimarchment
of green coffee bean.

All of this is finished by way of without water @aing the bean. The predict efficiency is to prtenthe
quality of native coffee, to help to dissolve thegessing problem to control the fermentation faeventing bacteria
growth to worse fermentation, and to less the armofiwaste water from 18 kg ~10 kg of 1 kg coffee.

Table 1: Effect of enzyme and fungi on different fer mentations and time on reduced sugar and pH

Condition Time Reduced sugdx] pH Mucilage
Enzl 20m 9.87 5.0 +++
Enz2 24 h - - -

F1 24 h 10.65 5.0 ++

F2 24 h 11.38 5.1 ++

Y1 24 h - - -

Y2 24 h - - -

L1 24 h - - -
Enz1+F2 30m 14.15 4.8 +++

L1: Leuconostoc mesenteroides
Y1: Kluyveromyces marxianus
Y2: Kluveromyces lactis

F1: Rhizopus oryzae

F2: Aspergillus niger

Deter mination of Proper Fer mentation

The green coffee bean affects on quality of breffeeo Determination of proper fermentation of eaffcherry
is a key point. Once green coffee bean with watifentation must be completely removed mucilagbaowit slipping
feeling green coffee bean by hand. According asmibal reaction during fermentation, reduced sugdially
increases from 7.55% to the highest level 14.78%tat2d maintaining the level until at 4 h then gialty decreasing
to 13.51% at 12 h (Figure 1). At the relative popii is changed from beginning 6.33 sharply deénga® 4.62 at 1
h, and down to 4.55 at 2 h, to 3.87 at 12 h. tessonable the reduced sugar is derivative compérond degrading
mucilage or pectin by yeast, fungi, and bacteriAcetic acid bacteria and lactic acid bacteria aoatioually
fermenting reduced sugar to produce alcohol, aeeiit, and lactic acid which lead to lower pH. d&ampare with the
level of reduced sugar and pH, the highest redsagdr (14.78%) is benefit for formation of aroma taste but at this
point pH is 4.25 which is stronger acidity than2i educed sugar 14.36%). Because stronger adfitgefect for
coffee taste and longer time causes higher costlorOwere formed at 10 h. We suggest that thegprigpmentation
is determined by pH 4.6.

During fermentation, green coffee bean was maimtgimt same temperature and aeration leading tcedse
weight 1~2% a day. In the field research, coffeerghcontains wide range of sugar and protein deéipgnon its
species, weather, ripe degree, management, sdilsamlight. In this work, green coffee beans frimur farms have
initially content of reduced sugar 7.55%, 7.98%, 858@nd 8.32% respectively (Table 2). At the endeafnentation
as pH at 4.6, reduced sugars of four beans of faatien are individually 14.36% (contrast 10.68%).5P56 (contrast
10.49%), 14.21% (contrast 10.18%), and 15.87% (cdni@$7%). At this moment, the green coffee bees ha
removed its covered mucilage and smelling withtfflavor. After roasted, green coffee performsaemsed caramel,
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richer flavor and taste sweetness and bitternefls the sequence of reduced sugar 15.87%, 15.52%6%¢.8nd
14.21%. Sugar and amino acid are precursors tee draramelization process called Maillard reactidmctv is

progressing during roasting to produce brownistiebsweet glycosylamine and melanoidins to docaféee a favor
taste. Finally, the product is taste balancedqgoerénce, sticky, thick, and mellow. Under diffeareondition, it is

needed to control a proper fermentation. The eshttoffee bean was conducted by natural fermentatf 24 h to
harvest reduced sugar 10.07%~10.68%, pH 3.91~4.120oVér fermentation can lead lower acidity or odbesrease
its quality.
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Figure 1. Characteristics of green coffee beans fermenting at different time

Table 2: Reduced sugar and pH of green coffee bean after fer mentation by enzyme mixed with Aspergillus niger

S Sugahr(%) Sugage i (%) PHrer f Sugalcoes (%) PH cos 1
S1 7.55 14.36 4.62 10.68 4.02
S2 7.98 15.52 4.64 10.49 3.97
S3 6.59 14.21 4.64 10.18 412
S4 8.32 15.87 461 10.07 3.91
In: Initial

Fer fi: at final of fermentation
Cos fi: at final of contrast

Quality Evaluation by Cupping

Green coffee bean was dried to approximately 12%stwma by sun and used for husking, roasting, apgiog.
Average cupping score, green coffee bean fermeatirigh performed 82.78 significantly better thisnciontrolled test
with natural wet fermentation at 24 h 76.17 (Ta®je The higher caramel tastes at fermenting 1 i, &1d 3 h are
reasonable contributed by higher level reduced rsdgeng toasted coffee bean but it is decrease@l latas same as
decreased reduced sugar (Figure 1). The complesdistion such as Strecker degradation, degradatiamino acids,
trigonelline, sugar, phenolic acids, quinic acidg dipid during roasting which relate to fermenhi&eded to be advance
examination.

Table 3: Effect of fermented time on cupping

Time (h) Score SD Taste

0.5 79.46 3.2 Lower caramel tastes and weadidity

1 82.78 2.9 Strong caramel tastes and adittitgase +

2 83.37 3.1 Strong caramel tastes and acidérease ++
4 83.78 3.7 Strong caramel tastes and adittitgase +++
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6 81.46 4.0 Strong caramel tastes and acidéease ++++
24° 76.17 3.7 Lower caramel tastes and strongdityc

! Roasted temperature 247, 19 mo
© Controlled test with natural wet fermentationt24
+: With increasing level.

CONCLUSION

Fermentation was operated by mixturédgbergillus niger and enzyme. The benefits of this fermentation are
1. The fermented time is shortening to 1 h from ndtieanentation 24 h. It is very economic way fonadl farmer
to finish treatment of coffee cherry per day hatves
2. The product of green coffee bean produces highroed sugar (from 7.98 to 15.52) and weaker ac{gity from
3.07 to 4.64).
3. Coffee cupping with the result of taste more swigitpody, pure and with caramel flavor.
4. The amount of waste water less from 10~18 kg tg fok 1 kg green coffee bean.
Therefore, the fermentation is an efficient wayptomote the quality of native coffee, to help tesdilve the
processing problem to control the fermentationpi@venting bacteria growth to worse fermentation.
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