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5HYLVHG-XQH$FFHSWHG-XO\

$EVWUDFW Volume expansion ratio (VE) and water retention
capacity (WRC) are the most important quality parameters for
FRPSUHVVHG FRLU SLWK SURGXFWV DQG VSHFL¿FDOO\IRU FRFRGLVFV
used as potting medium. The effects of time duration of retting,
method of retting and drying techniques on the quality of coir
pith and coco discs were examined. Quality variations in coir
¿EUHZLWKWKHWLPHGXUDWLRQRIUHWWLQJZHUHDOVRDQDO\VHG9(
DQG:5& RI FRFR GLVFV ZHUH IRXQG WR LQFUHDVH VLJQL¿FDQWO\
while the pH changed marginally and electrical conductivity
(&  GURSSHG VLJQL¿FDQWO\ ZLWK WKH LQFUHDVH RI UHWWLQJ WLPH
VE, WRC, pH and EC after 12 weeks of retting were found
WREHDQGVFP
respectively. Length, tensile strength and breaking load of
FRLU¿EUHZHUHIRXQGWRLPSURYHIURPWRPP
81 ± 7 to 104 ± 12 N/mm2 and 3.58 ± 0.42 to 4.32 ± 0.38 N,
respectively within 4 to 12 weeks of retting. Time duration for
retting could be reduced to less than 4 weeks to achieve similar
SURSHUWLHV LQ FRLU ¿EUH DQG FRLU SLWK E\ FUXVKLQJ WKH KXVNV
before retting. Oven drying resulted in rupturing of the cells
and case hardening of coir pith. Hot air drying was found to be
the most effective method for drying coir pith as compared to
sun drying and oven drying.
.H\ZRUGV&RFRGLVFVFRLU¿EUHFRLUSLWKGU\LQJRISRURXV
materials, retting.

INTRODUCTION
Compressed or compacted coir pith products are an
innovative growth media vastly used in agricultural and
horticultural industries. Coir pith is a light, spongy and
ligno-cellulose material, generated as a byproduct when
H[WUDFWLQJFRLU¿EUHIURPWKHKXVNVRIFRFRQXWV .DGDOOL
& Nair, 2000). It is becoming popular due to its high
quality characteristics such as high water retention ability
due to the porosity of the cell structure, and fertility as it
contains macro and micro nutrients (Abad et al., 2002;
*
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Prabhu & Thomas, 2002; Krisnamurthy et al., 2009). It
KDVEHHQLGHQWL¿HGDVDQDOWHUQDWLYHWRSHDWIRUJURZLQJ
ornamental crops such as ixora, majesty palm, anthurium
and ericaceous plants (Meerow, 1994; Scagel, 2003;
Reghuvaran & Ravindranath, 2014).
Method of extraction, area of cultivation and ageing
ZHUH IRXQG WR LQÀXHQFH WKH FRPSRVLWLRQ SDUWLFOH VL]H
distribution and the physicochemical properties of coir
pith (Moorthy & Rao, 1998; Tharanga et al., 2005). The
LQFUHDVH LQ SDUWLFOH VL]H OHDGV WR GHFUHDVH LQ SRURVLW\
density, absorptivity and electrical conductivity whilst
increasing the pH of raw coir pith (Ross et al., 2012).
3DUWLFOH VL]H GLVWULEXWLRQ RI FRLU SLWK PD\ DOVR EH
LQÀXHQFHG E\ WKH PHWKRG RI SUHSURFHVVLQJ RI FRFRQXW
husks, namely, crushing, soaking, water spraying and
retting. The physicochemical properties such as pH,
electrical conductivity, C/N ratio and cation exchange
FDSDFLW\RIFRLUSLWKVDPSOHVZHUHIRXQGWRVLJQL¿FDQWO\
differ between and within those of the samples obtained
IURPGLIIHUHQW FRXQWULHV DQG VLJQL¿FDQWO\ GLIIHUHG IURP
those of sphagnum peat (Evens et al  Konduru
et al., 1999; Abad et al., 2002).
Sun drying is a cost effective heating method and
widely used for drying of various vegetables, fruits
and agricultural products including oil palm trunk
waste (Nadhari et al   ¿QJHU PLOOHWV 5DGKLND
et al   PLQW SDUVOH\ EDVLO $NSLQDU   DQG
VZHHW FKHUU\ 'RPD]  ,VPDLO   6XQ GU\LQJ FDQ
EHLGHQWL¿HGDVWKHPDLQWHFKQLTXHIRUGU\LQJFRLUSLWK
due to the reason of cost effectiveness. However, the
coir industry is now looking for alternative options to
overcome the disadvantages of sun drying due to its
longer time period of drying, uncertainty in weather
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conditions, excessive labour requirement, large area
requirement, insect infestation and addition of other
foreign materials.
The methods of preprocessing of coconut husks
EHIRUH H[WUDFWLQJ ¿EUH DQG WKH PHWKRGV RI H[WUDFWLQJ
¿EUHKDYHEHHQPRGL¿HGRYHUWKHSDVW\HDUV 7KDUDQJD
et al   'LIIHUHQW GU\LQJ WHFKQLTXHV VXFK DV ÀDVK
drying have also been introduced recently (Zotarelli
et al., 2012). Consequently, the quality of coir pith and
hence the quality of compressed coir pith products such
as coco discs is greatly affected. The objective of the
present study is to examine the effect of time duration
and the method of retting the coconut husks, and the
method of drying the coir pith on the quality of coir pith
and coco discs.
METHODOLOGY
The quality parameters of coir pith were examined by
performing three types of experiments; time duration
of retting, method of retting, and drying technique.
Currently coir mills in Sri Lanka follow different retting
and extraction methods. Therefore, quality variations
with respect to the method of retting and extraction were
DQDO\VHGIRUFRLUSLWKVDPSOHVREWDLQHGIURPGLIIHUHQW
mills. A separate study under controlled conditions
was carried out to examine the effect of retting time.
Experiments for evaluating drying techniques were also
carried out under controlled conditions.
Experiments on retting time
Dry coconut husks were obtained from Lunuwila,
Sri Lanka for analysing the effect of retting time. About
150 dry husks were retted in a tank and the Ceylon drum
PHWKRGZDVXVHGIRU¿EUHH[WUDFWLRQ7KLUW\KXVNVZHUH

used at a time to extract coir pith and 5 replicate samples
of 700 ± 2 g were randomly selected. Each sample was
separately sun dried to achieve a moisture content of
    ZZ GU\ EDVLV  &RFR GLVFV ZHUH PDGH E\
compressing the dried coir pith using a hydraulic press
PDFKLQH  ±  SVL  KS  XQGHU    SVL
Coco discs with 5 replicates were used to determine the
quality parameters such as pH, electrical conductivity,
volume expansion and water retention capacity
according to the Sri Lanka Standards (SLSI 1219, 2001).
The effect of retting time on the quality variations in coir
¿EUHZDVH[DPLQHGZLWKWULSOLFDWHH[SHULPHQWV)RUWKH
GHWHUPLQDWLRQRIOHQJWKDQGEUHDNLQJORDGJFRLU¿EUH
samples with 3 replicates were grouped into standard
OHQJWK IUDFWLRQV RI    PP    PP DQG
PRUHWKDQPP7KHQXPEHURI¿EUHVLQHDFKOHQJWK
category and the weight were recorded. The diameter
RI  ¿EUHV LQ HDFK FDWHJRU\ ZDV PHDVXUHG 8VLQJ WKH
WHQVLOH VWUHQJWK WHVWHU $GPHW ([SHUW  60 
86$  EUHDNLQJ ORDG DQG WKH HORQJDWLRQ RI  ¿EUHV LQ
each length category were measured (SLSI 115, 2009).
Experiments on method of retting
&RLU SLWK VDPSOHV REWDLQHG IURP  GLIIHUHQW PLOOV
practicing different methods of retting were examined
in this study (Table 1). Five coir pith samples were
randomly selected from each mill and the properties
were analysed. Two of the mills (mill 1 and mill 2) use
raw coconut husks (green husks) and the others use
dry coconut husks (brown husks) for their operations.
Retting was performed by steeping the husks in water for
long periods (1 to 4 months) and soaking was performed
by steeping the husks for a short period of 1 week.
Water spraying was done using a rubber hose at a rate
RI/PLQWLPHVDGD\ZKLOHVSULQNOLQJZDVGRQH
XVLQJDVSULQNOHUV\VWHPDWDUDWHRI/PLQRSHUDWLQJ
continuously for 1 d.

7DEOH 7UHDWPHQWRIFRFRQXWKXVNVEHIRUHH[WUDFWLQJ¿EUH

Mill no.
 

Method of
extraction


1
2
3
4
5
 

D1 Method


Ceylon drum

method


Type of husks

Pre-processing methods

Average moisture
content of coir pith
ZZGU\EDVLV





Green - raw
Green - raw
Brown - dry

Intermittent water spraying three times
a day for 1 day
Continuous water sprinkling for 1 day
Soaking up to 7 days

350 ± 3b
194 ± 2c

%URZQGU\
%URZQGU\
%URZQGU\

5HWWLQJ PRQWK DIWHUFUXVKLQJWKHKXVN
5HWWLQJ PRQWKV 
5HWWLQJ PRQWKV 

d
e
f

328 ± 1a

0HDQVZLWKGLIIHUHQWVXSHUVFULSWVZLWKLQWKHVDPHFROXPQDUHVLJQL¿FDQWO\GLIIHUHQWIURPHDFKRWKHUDWSOHYHO
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The six mills (Table 1) were categorised into two types
according to the method of extraction, namely, D1 method
and Ceylon drum method (Tharanga et al., 2005). In the
' PHWKRG KXVNV DUH KDOI EURNHQ E\ VSLNHV ¿WWHG WR D
rotating drum. The half broken husks are then transferred
WRDWXUERFOHDQHULQRUGHUWRGH¿EUHE\PHDQVRIEHDWHUV
¿WWHGWRWKHPDLQVKDIWRIWKHWXUERFOHDQHU,QWKH&H\ORQ
drum method breaking and cleaning of husks are done
E\PHDQVRIVSLNHV¿WWHGWRWZRURWDWLQJGUXPVFDOOHGWKH
breaker drum and the cleaner drum, respectively.
Experiments on drying techniques
Fresh coir pith samples were collected from a coir mill
located at Lunuwila, Sri Lanka. These samples were used
to examine the drying characteristics and the quality of
coir pith for 3 different types of techniques; sun drying,
oven drying and hot air drying. All the experiments on
drying techniques were replicated 5 times.
Coir pith samples of 300 ± 2 g were dried as a thin
layer for both sun drying and oven drying. The sun drying
experiments were conducted at the Coconut Research
Institute, Lunuwila. Aluminium trays were used for
sun drying under atmospheric conditions; temperature
&UHODWLYHKXPLGLW\DQGVRODULQWHQVLW\
0-P2. Temperature and relative humidity were
recorded just above the coir pith using a thermometer with
K\JURPHWHU (DV\ YLHZ  86$  6RODU LQWHQVLW\ ZDV
PHDVXUHG XVLQJ D S\UDQRPHWHU +XNVHÀX[ :DWFKGRJ
86$ 2YHQGU\LQJZDVFDUULHGRXWDW&LQDQ
RYHQ 6$1<2 *DOOHQNDPS 3/& 23/'7,& 8. 
with an accuracy of ± 1°C.
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A laboratory scale dryer was used for hot air drying
(Figure 1). The drying chamber (1 × 1 × 1 ft3) was
fabricated using stainless steel plates with a wire mesh
RIPPSODFHGDWWKHERWWRPWRIDFLOLWDWHDLUÀRZDQG
WRUHWDLQWKHFRLUSLWK7KHWRSRIWKHFKDPEHUZDV¿WWHG
with a hinged wire mesh of 0.5 mm to avoid entrainment
RI FRLU SLWK $ JODVV SODWH ZDV ¿[HG WR WKH IURQW WR
REVHUYHWKHÀXLGLVLQJHIIHFWRIFRLUSLWK$EORZHUZLWK
WKHVSHFL¿FDWLRQVRIDLUÀRZ/PLQVWDWLFSUHVVXUH
32.0 mbar and motor rating 0.08 kW was used to blow
the air. The air was heated using a 9 kW electrical heater.
$GDPSHUZDVXVHGWRUHJXODWHWKHDLUÀRZWRWKHEORZHU
DQGWKHUHE\WRFRQWUROWKHDLUÀRZLQWKHGU\LQJFKDPEHU
Hot air temperature was maintained at 140 °C with an
accuracy of ± 1 °C. Four different velocities of 1.4, 1.7,
2.0 and 2.5 ms-1 were used with an accuracy of ± 0.1 ms-1.
The maximum velocity was corresponding to the full
load capacity of the selected blower and the damper in
fully open position. The other velocities were achieved
by partially closing the damper. Velocity was measured
using an anemometer (Lutron, LM 8100, Thaiwan). With
continuous drying, most of the coir pith particles carted
RIIZLWKWKHDLUÀRZDQGWKHQGURSSHGGRZQDIWHUKLWWLQJ
WKH WRS PHVK 6RPH RI WKH ODUJH SDUWLFOHV DERXW  
of the total amount) carted off to the middle part of the
vessel and then dropped down by gravity. This procedure
was repeated until the coir pith was dried completely.
Data analysis
Moisture content
Moisture content of the coir pith samples was analysed
using the standard oven method according to the
Sri Lanka standards (SLSI 1219, 2001).
Particle size distribution

)LJXUH A sketch of the hot air dryer
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'U\ FRLU SLWK KDYLQJ D PRLVWXUH FRQWHQW RI    
ZZGU\EDVLV ZDV¿UVWVLHYHGXVLQJDQHWRIPHVKVL]H
¼ inch to remove the large particles. Three samples of
500 ± 2 g were randomly selected to analyse the particle
VL]HGLVWULEXWLRQXVLQJVLHYHVRIPHVKVL]H
2.8 and 4.0 mm. The average weight of coir pith for each
PHVKVL]HZDVWKHQREWDLQHGXVLQJDQHOHFWURQLFEDODQFH
6KLPDG]X %[±.%:. -DSDQ  6LHYHG FRLU SLWK ZDV
categorised into three main types as coarse, medium and
¿QH EDVHG RQ WKH SDUWLFOH VL]H RI JUHDWHU WKDQ  PP
between 1.0 - 2.8 mm and less than 1.0 mm, respectively
(Tharanga et al., 2005).
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The coir pith samples were analysed for common bacterial
species (pour plate method) E.coli and Salmonella
DFFRUGLQJWRWKH6UL/DQND6WDQGDUGV 6/6, 
Physicochemical properties
Coco discs were prepared using dried coir pith samples
KDYLQJDPRLVWXUHFRQWHQWRI ZZGU\EDVLV 
E\FRPSUHVVLQJXQGHUSVL7KHVSHFL¿FDWLRQV
of coco discs were: height 24 ± 1 mm, diameter 78 ±
 PP DQG ZHLJKW    J (OHFWULFDO FRQGXFWLYLW\
(EC), pH, volume expansion ratio (VE), water retention
capacity (WRC), and compaction ratio (CR) of coco
discs were analysed. The bulk density (BD) of coir pith
before compaction was measured for each sample. All
the tests were carried out according to the Sri Lanka
Standards (SLSI 1219, 2001).

Volume expansion ratio, WRC(w/w) and pH

Compressed coco discs were allowed to expand by
adding water and the VE was calculated as the ratio of
¿QDOYROXPHWRWKHLQLWLDOYROXPH:5&ZDVGHWHUPLQHG
as the maximum amount of water that could be absorbed
per unit weight of compressed coco disc. For the
determination of pH and EC, coco discs were wetted
to the saturation limit using distilled water. Thereafter
300 mL of distilled water was added to each 50 mL of
wetted coco disc sample and the mixture was stirred
IRU  KU RQ D PHFKDQLFDO VKDNHU 7KH ¿OWUDWHV RI WKHVH
samples were used to measure the pH and EC using a
S+PHWHU +DFK+4'86$ DQG(&PHWHU +DFK
0086$ 

&RLUSLWKVDPSOHVKDYLQJDPRLVWXUHFRQWHQWRI
(w/w, dry basis) were used to measure the bulk density.
7KHVDPSOHVZHUH¿OOHGLQWRDP/F\OLQGHUDQGD
JZHLJKWZDVDSSOLHGRQWKHWRS 6/6, 
The BD was calculated as the ratio of the weight and the
volume of coir pith in the cylinder. CR was measured as
the ratio of bulk density of coco disc to the bulk density
of coir pith.
Microstructure
Microstructure of the coir pith samples was observed
using a scanning electron microscope (LEO, 1420vp,
England).
Statistical analysis
One way analysis of variance (ANOVA) was used to
GHWHUPLQHWKHVWDWLVWLFDOVLJQL¿FDQFH SOHYHO RI
the parameters using SAS 9.1.3 software.
RESULTS AND DISCUSSION
Effect of time duration of retting
7DEOHVKRZVWKDWWKHUHWWLQJWLPHGLIIHUVVLJQL¿FDQWO\
among the coir pith mills practicing different methods
of retting. Consequently the average moisture content
of the coir pith samples collected from these mills was
VLJQL¿FDQWO\ GLIIHUHQW )LJXUH  LQGLFDWHV WKDW WKH PRVW
important properties of coco discs, namely, VE and
WRC, notably increase with retting time. Statistical
DQDO\VLV $129$ FRQ¿UPHGWKDWWKHUHLVDVLJQL¿FDQW
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GLIIHUHQFH S  ) in VE between the study periods
from 4 wks (3.71 ± 0.07) to 12 wks (5.77 ± 0.19) of
retting time. Although the change in WRC from 4 wks to
ZNVZDVQRWVLJQL¿FDQW S WKH:5&ZDVIRXQG
WRLQFUHDVHVLJQL¿FDQWO\ S IURPZNV (3.43 ±
0.12) to 12 wks (5.87 ± 0.35). The retting process leads
to the degradation of coarse coir pith particles into small
DQG PHGLXP VL]H SDUWLFOHV KDYLQJ QXPHURXV QXPEHU
RI SRUHV &RQVHTXHQWO\ WKH SDUWLFOH VL]H GLVWULEXWLRQ
EHFRPHV QDUURZ DQG WKH VSHFL¿F VXUIDFH DUHD RI FRLU
pith particles increases. According to Jayaseeli and Raj
  D KLJK VSHFL¿F VXUIDFH DUHD FRQWULEXWHV WR D
high WRC. A similar explanation holds for the volume
expansion.
Figure 2 depicts that the pH of the coir pith has
VLJQL¿FDQWO\UHGXFHGIURPLQZNVWR
LQZNV7KHFKDQJHLQS+ZLWKIXUWKHUUHWWLQJZDV
QRWVLJQL¿FDQW S! DQGWKHS+DIWHUZNVZDV
found to be 5.99 ± 0.04. These values were found to be
ZLWKLQWKHVWDQGDUGS+RIWRUHTXLUHGLQFRLUSLWK
(SLSI 1219, 2001). The availability of potassium ions in
coir pith increases the pH, while polyphenolic compounds
decrease the pH. The slight reduction of pH may be
attributed to the leaching out of both potassium ions and
polyphenolic compounds from husks during retting. The
HOHFWULFDO FRQGXFWLYLW\ (&  VLJQL¿FDQWO\ UHGXFHG ZLWK
the period of retting. The reduction of potassium ions

in coconut husk might have mainly contributed to the
FKDQJHLQ(&7KH(&FKDQJHGIURPVFPLQ
ZNVWRVFPLQZNVDQGWKHVHYDOXHVZHUH
ZLWKLQWKHVWDQGDUGRIOHVVWKDQVFP 6/6,
2001).
Retting is an essential processing step for
PDQXIDFWXULQJ JRRG TXDOLW\ FRLU ¿EUH ,W LV D PLFURELDO
process leading to the degradation of pectin and
SRO\SKHQROLF FRPSRXQGV LQ FRLU ¿EUH DQG KHQFH WKLV
QDWXUDO SURFHVV IDFLOLWDWHV WKH H[WUDFWLRQ RI FRLU ¿EUH
(Ravindranath, 2001). Table 2 summarises the effect of
retting time on the length, tensile strength and breaking
ORDGRIFRLU¿EUH7KHUHVXOWVLQGLFDWHWKDWDOOWKHLPSRUWDQW
SURSHUWLHV UHOHYDQW WR FRLU ¿EUH QRWDEO\ LPSURYH ZLWK
retting time. However, comparable properties could be
obtained with a lesser retting time of 4 wks as compared
to 3 months of conventional retting, by crushing the husks
EHIRUHUHWWLQJ,Q6UL/DQNDPRVWRIWKHFRLU¿EUHPLOOV
practice conventional retting of husks for 3 months and
some of the mills now operate with lesser retting time
by crushing the husks before retting. Crushing must be
GRQHZLWKRXWGDPDJLQJWKH¿EUHDQGLWIDFLOLWDWHVZDWHU
absorption. A locally fabricated crusher is used for this
purpose and it has two sets of rotating spiked drums with
VSLNHVSHUGUXP&UXVKLQJLVXVXDOO\GRQHIRUDERXW
VSHUKXVN

7DEOH 4XDOLW\SDUDPHWHUVRIFRLU¿EUHZLWKUHVSHFWWRWKHUHWWLQJWLPH

Quality
SDUDPHWHU

/HQJWKPP
TS*/N/mm2
BL**1

ZHHNV

ZHHNV

Time duration of retting
ZHHNV
ZHHNV



81 ± 7
84 ± 7
 


88 ± 8


ZHHNV



92 ± 1
104 ± 12
 

ZHHNVDIWHU
crushing husk

109 ± 27


*

TS = tensile strength; **BL = breaking load

Effect of method of retting
Particle size distribution of coir pith
)LJXUHVKRZVWKHSDUWLFOHVL]HGLVWULEXWLRQRIFRLUSLWK
REWDLQHG IURP WKH  GLIIHUHQW W\SHV RI ¿EUH H[WUDFWLRQ
methods, namely, D1 method (mills 1, 2 and 3) and
&H\ORQ GUXP PHWKRG PLOOV   DQG   7KH UHVXOWV
indicate that for a given method of extraction, the amount
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RI¿QHSDUWLFOHVKDVLQFUHDVHGZLWKWKHLQFUHDVHRIUHWWLQJ
time. A longer period of retting is necessary for the
Ceylon drum method but water spraying or sprinkling
LV VXI¿FLHQW IRU WKH ' PHWKRG $OWKRXJK PLOO  XVHG
&H\ORQ GUXP PHWKRG IRU ¿EUH H[WUDFWLRQ UHWWLQJ WLPH
was limited to one month. Mill 4 used an additional
processing step of crushing before retting. As a result it
KDG FRLU SLWK ZLWK WKH KLJKHVW DPRXQW RI PHGLXP VL]H
SDUWLFOHV DERXW 

March 2017
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&RDUVH ;!PP

)LQH [

3DUWLFOHVL]HGLVWULEXWLRQ 

0HGLXP [ 

Name of the mill

)LJXUH 3DUWLFOHVL]HGLVWULEXWLRQRIFRLUSLWKIURPGLIIHUHQWPLOOV

7DEOH
0LOOQR

Physicochemical properties of coco discs
The results clearly indicate that retting time has a
VLJQL¿FDQW HIIHFW RQ WKH SURSHUWLHV RI FRLU SLWK 7KH
PHWKRGRIH[WUDFWLRQLVDSK\VLFDOSURFHVVDQGLQÀXHQFHV
WKHSDUWLFOHVL]HGLVWULEXWLRQDVFDQEHVHHQLQ)LJXUH
However, the results for the analysis of properties of
coco discs given in Table 3 indicate that even if different
methods of retting and extraction were used, coir pith
obtained from different mills had similar properties.
$129$WHVWFRQ¿UPHGWKDWWKHUHVXOWVDUHQRWVWDWLVWLFDOO\
VLJQL¿FDQW S !   7KH RQO\ H[FHSWLRQ ZDV WKH (&
of coir pith from mill 1, which had a high EC due to
the salinity of spraying water as it was close to the sea.
Therefore, the observation of similar properties in coco
discs from different mills might have attributed mainly

Physicochemical properties of coco discs

0HWKRG

9(

:5& ZZ 

S+

(& VFP

 
 
3


'PHWKRG

a
a
5.3 ± 0.53 a

a
4.5 ± 0.73 a
a

5.8 ± 0.53 a
a
a

787 ± 57 b
402 ± 137 a
a

4
5
 


Ceylon drum
method


a
5.4 ± 0.57 a
a

5.9 ± 0.23 a
a
a

5.8 ± 0.21 a
a
5.7 ± 0.55 a

577 ± 101 a
490 ± 99 a
a

0HDQVZLWKGLIIHUHQWVXSHUVFULSWVZLWKLQWKHVDPHFROXPQDUHVLJQL¿FDQWO\GLIIHUHQWIURPHDFK
RWKHUDWSOHYHO

to the randomness of raw coconut husks, which were
transported to these mills from different areas belonging
WR GLIIHUHQW DJURHFRORJLFDO ]RQHV RU FRFRQXW YDULHWLHV
Further, they might be having different environmental
conditions during storage and different times of storage.
Microbial content
Microbial analysis revealed that the initial microbial
content of coir pith obtained from the Ceylon drum
method was about 10 times greater than that of the D1
PHWKRG 6LJQL¿FDQWO\ KLJK LQLWLDO PLFURELDO FRQWHQW
of the Ceylon drum method is mainly attributed to the
higher number of microbes involved in the retting pit.
Figure 4 shows the variation of plate count over drying
time for sun drying of two samples, each representing the
'PHWKRG PLOO DQGWKH&H\ORQGUXPPHWKRG PLOO 
It was observed that sun drying is very effective
in controlling the microbial levels in retted coir pith
obtained from the Ceylon drum method, with a very
sharp drop after 4 hours. The retaining microbial content
March 2017

in dried coir pith was less than 10 &)8J DQG KDG QR
potential threat to human health (Bhila et al., 2010). The
maximum level of E.coli in dried samples was found to
EH&)8SHUJZKLFKLVZLWKLQWKHOLPLWVRI6UL/DQND
6WDQGDUGV 6/6    &)8SHUJ 'ULHGFRLU
pith samples were also found to be free from Salmonella.
Therefore, the coir pith obtained from both methods
were suitable for making coco discs after sun drying as
microbial strains were within the allowable limits.
Effect of method of drying
Drying behaviour of coir pith
Hot air drying was the most effective method of drying
with the highest drying rate, as compared to oven drying
DQGVXQGU\LQJ )LJXUH 7KHORQJHVWWLPHRIPLQXWHV
WR DFKLHYH D PRLVWXUH FRQWHQW RI     ZZ GU\
basis) was recorded with sun drying. Although the same
temperature of 140 °C was used for oven drying and hot
DLU GU\LQJ WKH UHTXLUHG GU\LQJ WLPH ZDV VLJQL¿FDQWO\
GLIIHUHQWZLWKPLQXWHVDQGPLQXWHVUHVSHFWLYHO\
Journal of the National Science Foundation of Sri Lanka 45(1)
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Effect of sun drying on the microbial content of coir pith obtained from the Ceylon
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to  oven

As compared
drying, heat distribution is more
uniform and also blowing air removes the moisture
effectively in hot air drying. A drying time of 97 minutes
was recorded for hot air drying at the highest air velocity
of 2.5 ± 0.1 ms-1DQGDVLJQL¿FDQWLQFUHDVHLQGU\LQJWLPH
was observed with the reduction of air velocity. The time
taken for drying of coir pith at air velocities 2 ± 0.1, 1.7
± 0.1 and 1.4 ± 0.1 ms-1ZHUHDQG
± 3 minutes, respectively. Similar trends were observed
by Niamnuy and Devahastin (2005) in their study of
ÀXLGLVHGEHGGU\LQJRIFRFRQXWNHUQDO
Coir pith drying process had a short constant rate
period at the initial stage followed by a long falling rate
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period. During the falling rate period, the drying rate
was reduced almost linearly for sun drying and for hot
air drying. This is in agreement with the observation of
Mujaffar and Sankat (2005) on the air drying behaviour
RI VKDUN ¿OOHWV 2YHQ GU\LQJ VKRZHG D UDSLG UHGXFWLRQ
RIWKHGU\LQJUDWHDWWKH¿QDOVWDJHDVFRPSDUHGWRRWKHU
methods. This may be attributed to the case hardening
effect on some of the particles, due to uneven heating
HVSHFLDOO\ DW WKH ORFDO KHDWLQJ ]RQHV VXFK DV WKH ZDOOV
of the metal container. Consequently moisture diffusion
might have been considerably affected resulting in the
reduction of drying rate. Similar results were observed
by Li et al. (2015) in their study on convective drying of
PL[WXUHRIVHZDJHVOXGJHDQGVDZGXVWLQD¿[HGEHG
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7DEOH

Properties of sun dried, hot air dried and oven dried coir pith and coco discs
pH*

Sample
Sun drying
 RWDLUGU\LQJ
+
2YHQGU\LQJ

5.92 ± 0.1 a
 a
 b

(& VFP

*

542 ± 39 a
 a
 b

VE**

WRC (w/w)**

BD (g//L)*

CR***

5.33 ± 0.37 a
 b
5.80 ± 0.83 a

 a
 a
 a

77.35 ± 2.52 a
 a
 b

5.7 ± 0.49 b
 a
 a

0HDQVZLWKGLIIHUHQWVXSHUVFULSWVZLWKLQWKHVDPHFROXPQDUHVLJQL¿FDQWO\GLIIHUHQWIURPHDFKRWKHUDWSOHYHO
*
Coir pith; ** Coco discs; *** CR is the ratio of bulk density of coco disc to bulk density of coir pith

(i)
)LJXUH

(i)

(ii)
(ii)

Scanning electron microstructure of (i) sun dried; (ii) hot air dried and (iii) oven dried coir pith

expansion was not noticeable. The bulk density of coir
SLWK LV PDLQO\ DIIHFWHG E\ SDUWLFOH VL]H GLVWULEXWLRQ
As explained earlier, uneven heat transfer in oven
drying might have ruptured the cells in coir pith and
KHQFHWKHSDUWLFOHVL]HGLVWULEXWLRQFRXOGEHDOWHUHG7KLV
FDQEHREVHUYHGZLWKWKHVLJQL¿FDQWO\KLJKEXONGHQVLW\
of oven dried coir pith as compared to the other two
methods.

Physicochemical properties
The pH and EC of coir pith dried under sun and hot air
ZHUH VLPLODU EXW VLJQL¿FDQWO\ GLIIHUHQW WR RYHQ GU\LQJ
(Table 4). Scanning electron microstructure (SEM)
DQDO\VLVLQ)LJXUHLQGLFDWHVWKDWWKHFHOOVLQRYHQGULHG
coir pith are notably ruptured as compared to the other
two methods. In oven drying, specially the particles
close to the surface of the aluminium tray are subjected
to uneven heat transfer as compared to the particles away
IURPWKHVXUIDFH8QHYHQGU\LQJPLJKWKDYHFDXVHGWKH
rupturing of cells in coir pith and hence potassium ions
can be easily released as coir pith contains high amount
RI SRWDVVLXP LRQV  ±    5DGKDNULVKQDQ et al.,
2012). Consequently the pH and EC of oven dried coir
SLWKDUHVLJQL¿FDQWO\KLJKHUWKDQWKHFRLUSLWKGULHGXQGHU
VXQDQGKRWDLU6LPLODUUHVXOWVZHUHREVHUYHGE\2]FDQ
et al. (2005) for oven drying of basil.

Bulk densities of sun dried and hot air dried coir
pith were similar as indicated in Table 4. However the
compaction ratio (CR), which is the ratio of bulk density
of coco disc to the bulk density of coir pith for sun drying
ZDVVLJQL¿FDQWO\ORZHUWKDQWKDWIRUKRWDLUGU\LQJ7KLV
PD\ EH PDLQO\ DWWULEXWHG WR WKH VLJQL¿FDQWO\ ORZ EXON
density of coco discs made from sun dried coir pith
due to instantaneous expansion as explained above. On
the other hand cells of oven dried coir pith are further
ruptured during compression resulting in coco discs also
having a higher bulk density. Therefore, even if the oven
dried coir pith was having a high bulk density, the CR is
very similar to hot air dried coir pith.

Coir pith is a natural material and hence expands after
compaction due to resilience. This could be observed
with sun dried coir pith as the coco discs were expanded
QRWDEO\ DERXWPP VRRQDIWHUFRPSUHVVLRQ7KLV
behaviour can be called as instantaneous expansion.
+RZHYHU IDVW GU\LQJ PD\ VLJQL¿FDQWO\ DIIHFW WKH
resilience of coir pith. This could be observed with oven
dried and hot air dried coco discs where instantaneous

Volume expansion with the addition of water is
mainly dependent on the water absorbing capacity of the
FHOOV7KHUHIRUHRYHQGULHGFRLUSLWKKDVDVLJQL¿FDQWO\
low volume expansion ratio (VE) as compared to hot
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Effects of retting and drying of coir pith
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air dried coir pith due to rupturing of cells. Sun dried
coir pith is expected to have the highest VE but Table 4
indicates that VE of sun dried coir pith is comparable to

oven dried coir pith. This may be mainly attributed to the
high initial volume of coco discs of sun dried coir pith
due to instantaneous expansion.

Plate count CFU/g x10 4

7000
Sun drying
Oven drying
Hot air drying

6000
5000
4000
3000
2000
1000
0
0
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150

200

250

300

350
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450

Time/min

)LJXUH

Effect of method of drying on the microbial content of coir pith

Microbial analysis of coir pith
Figure 7 depicts the reduction in microbial content in
hot air dried, oven dried and sun dried coir pith. The
reduction in microbial content with time is in accordance
with the drying rate under different methods and it is
PDLQO\DWWULEXWHGWRWKHHIIHFWRIGHK\GUDWLRQ7KH¿QDO
microbial content of hot air dried, oven dried and sun
dried coir pith were found to be  × 104,  × 103
and 1.43 × 105 &)8J UHVSHFWLYHO\ ,Q HDFK GU\LQJ
method E. coli was found to be less than 3 per 1 g and
Salmonella was not traceable.
CONCLUSION
Volume expansion ratio (VE) and water retention
FDSDFLW\ :5&  RI FRFR GLVFV VLJQL¿FDQWO\ LPSURYHG
with the increase of duration of retting of the coconut
husks. The changes in VE and WRC from 4 weeks to
12 weeks were found to be from 3.71 ± 0.07 to 5.77 ±
0.19 and from 3.43 ± 0.12 to 5.87 ± 0.35, respectively.
A VLJQL¿FDQWchange
in pH was found within the period

of retting from 4 weeks ( WRZHHNV 5.97 ±
0.12) and there was no further change in the effect with
IXUWKHUUHWWLQJ(OHFWULFDOFRQGXFWLYLW\ (& VLJQL¿FDQWO\
dropped from VFPLQZHHNVWRVFP
in 12 weeks. Retting facilitated the extraction of coir
¿EUHDQGVLJQL¿FDQWO\LPSURYHGWKHSURSHUWLHVRI¿EUH
The length, tensile strength and breaking load of coir
¿EUH ZHUH IRXQG WR LPSURYH IURP    WR  
9 mm, 81 ± 7 to 104 ± 12 N/mm2 and 3.58 ± 0.42 to
4.32 ± 0.38 N, respectively within the time duration for
Journal of the National Science Foundation of Sri Lanka 45(1)

retting from 4 weeks to 12 weeks. Similar improvement
LQ WKH SURSHUWLHV RI FRLU ¿EUH FRXOG EH REWDLQHG E\
crushing the husks and retting for a short period of
 ZHHNV 7LPH GXUDWLRQ KDG D VWURQJ LQÀXHQFH RQ WKH
SDUWLFOHVL]HGLVWULEXWLRQRIFRLUSLWKIRUDJLYHQPHWKRG
RI¿EUHH[WUDFWLRQ0HWKRGVZLWKORQJHUUHWWLQJWLPHJDYH
DKLJKHUDPRXQWRI¿QHSDUWLFOHV OHVVWKDQPP ZKLOH
crushing the husk before retting gave a higher amount
RI PHGLXP VL]H    PP  SDUWLFOHV +RZHYHU QR
VLJQL¿FDQWGLIIHUHQFHLQWKHSK\VLFRFKHPLFDOSURSHUWLHV
of coir pith was found among the mills, as raw husks
for the mill operations were random in nature. Oven
drying caused rupturing of the cells and case hardening
of coir pith particles especially when in contact with
ORFDOKHDWLQJ]RQHV7KHPRVWVXLWDEOHPHWKRGIRUGU\LQJ
coir pith was found to be hot air drying as compared to
sun drying and oven drying when considering the shorter
drying time, high VE and WRC. EC and pH in dried coir
pith were found to be within the acceptable level for
all the different mill operations and methods of drying.
0LFURELDO FRQWHQW VLJQL¿FDQWO\ UHGXFHG DW WKH YHU\
Ϯϵ
early stages for all the drying techniques and achieved
acceptable levels in dried coir pith. There was no risk of
Salmonella, E. coli and other microbial strains.
Acknowledgement
The authors express their sincere appreciation to the
&RFRQXW5HVHDUFK,QVWLWXWHIRUWKH¿QDQFLDOVXSSRUWDQG
to the staff of the Coconut Processing Research Division
at the Coconut Research Institute for their assistance in
lab experiments. Special thanks are due to Mrs T.M.S.G.
March 2017

12

Weerasinghe of the Coconut Processing Research
Division for the support given in microbial analysis.
The support given by Mr Ranjith Abeywardhane and
0U6KDQWKD3HLULVRIWKH8QLYHUVLW\RI0RUDWXZDLVDOVR
acknowledged.
REFERENCES
1. Abad M., Noguera P., Puchades R., Maquieira A. &
Noguera V. (2002). Physico-chemical and chemical
properties of some coconut coir dust for use as a peat
VXEVWLWXWHIRUFRQWDLQHUL]HGRUQDPHQWDOSODQWVBioresources
Technology 82
2. $NSLQDU(.  0DWKHPDWLFDOPRGHOLQJRIWKLQOD\HU
drying process under open sun drying of some aromatic
plants. Journal of Food Engineering 77
DOI: KWWSVGRLRUJMMIRRGHQJ
3. Bhila T.E., Ratsaka M.M., Kanengoni A. & Siebrits
F.K. (2010). Effect of sun drying on microbes in nonconventional agricultural by-products. South African
Journal of Animal Science   
4. 'RPD]  ,  ,VPDLO 2   'U\LQJ FKDUDFWHULVWLFV RI
sweet cherry. Food and Bioproducts Processing 89
DOI: KWWSVGRLRUJMIES
5. (YHQV 05 .RQGXUX 6  6WDPSV 5+   6RXUFH
variation in physical and chemical properties of coconut
coir dust. Horticulture Science 31  
 Jayaseeli D.M. & Raj S.P. (2010). Physical characteristics
RIFRLUSLWKDVDIXQFWLRQRILWVSDUWLFOHVL]HWREHXVHGDV
soilless medium. Journal of Agriculture and Environment
Science 8  
7. Kadalli G.G. & Nair S. (2000). Manurial value and
HI¿FLHQF\ RI FRLU GXVW EDVHG HQULFKHG VXSHU FRPSRVW
Indian Coconut Journal   
8. Konduru S., Evens M.R. & Stamps R.H. (1999). Coconut
husks and processing effects on chemical and physical
properties of coconut coir dust. Horticulture Science 34(1):

9. .ULVKQDPXUWK\ . 0DKHVZDUL & 8GDJDUDQL 5 
Gowtham V. (2009). Design and fabrication of coir pith
briquetting machine. World Applied Sciences 7    
558.
10. Li J., Fraikin L., Salmon T., Bennamoun L., Toye D.,
Schreinemachers S. & Leonard A. (2015). Investigation
on convective drying of mixture of sewage sludge and saw
GXVWLQD¿[HGEHGDrying Technology 33
DOI: https://doi.org/10.1080/07373937.2014.982254
11. Meerow A.W. (1994). Coir (coconut mesocarp pith) as a
peat substitute. Tropicline 7  
12. Moorthy V.K. & Rao K.B. (1998). Nutritive status of coir
pith of varying age and from different sources. Coir News
21  
13. Mujaffar S. & Sankat C.K. (2005). The air drying behavior
RI VKDUN ¿OOHWV Agricultural Engineering Programme 47:

14. Nadhari W.N.A.W., Hashim R., Sulaiman O. & Jumhuri N.
(2014). Drying kinetics of oil palm trunk waste in control

March 2017

J.A.K.M. Fernando & A.D.U.S. Amarasinghe

atmosphere and open air convection drying. International
Journal of Heat and Mass Transfer 68
15. Niamnuy C. & Devahastin S. (2005). Drying kinetics and
TXDOLW\RIFRFRQXWGULHGLQDÀXLGL]HGEHGGU\HUJournal of
Food Engineering 66
DOI: KWWSVGRLRUJMMIRRGHQJ
2]FDQ0$UVODQ' 8QYHU$  (IIHFWRIGU\LQJ
methods on the mineral content of basil (Ocimum basilicum
L.). Journal of Food Engineering 69
DOI: KWWSVGRLRUJMMIRRGHQJ
17. Prabhu S.R. & Thomas G.V. (2002). Biological conversion
of coir pith into a value-added organic resource and its
application in agri-horticulture: current status, prospect and
perspective. Journal of Plantation Crops   
18. Radhakrishnan S., Ravindranath A.D., Hanosh M.S., Sarma
86 -D\DNXPDUDQ1$  4XDQWLWDWLYHHYDOXDWLRQ
RIWKHSURGXFWLRQRIOLJQLQRO\WLFHQ]\PHVOLJQLQSHUR[LGDVH
and manganese peroxidase by P. Sajor Caju during coir pith
composting. CORD 28  
19. Radhika G.B., Satyanarayana S.V. & Rao D.G. (2011).
0DWKHPDWLFDO PRGHO RQ WKLQ OD\HU GU\LQJ RI ¿QJHU PLOOHW
(Eluesine coracana). Advance Journal of Food Science and
Technology 3  
20. Ravindranath A.D. (2001). Biotechnology in coir extraction
DQGZDVWHXWLOL]DWLRQCORD 17  
21. 5HJKXYDUDQ$ 5DYLQGUDQDWK$'  8VHRIFRLUSLWK
compost as an effective cultivating media for ornamental,
medicinal and vegetable plants. International Journal of
Biology, Pharmacy and Allied Sciences 3  
22. 5RVV 35 3DUDPDQDQGKDP - 7KHQPR]KL 3 $EELUDP\
K.S. & Muthulingam M. (2012). Determination of physicoFKHPLFDOSURSHUWLHVRIFRLUSLWKLQUHODWLRQWRSDUWLFOHVL]H
suitable for potting medium. International Journal of
Research in Environmental Science and Technology 2(2):

23. Scagel C.F. (2003). Growth and nutrient use of ericaceous
plants grown in media amended with sphagnum moss peat
or coir dust. Horticulture Science 38  
24. Sri Lanka Standards Institute (1991). Microbiological
Test Method, Sri Lanka Standards 516: PART 1. Sri Lanka
Standards Institute, Elvitigala Mawatha, Colombo 08.
25. Sri Lanka Standards Institute (2001). 6SHFL¿FDWLRQ IRU
Coir Fibre Pith Substrate, SLSI 1219. Sri Lanka Standards
Institute, Elvitigala Mawatha, Colombo 08.
Sri Lanka Standards Institute (2009). 6SHFL¿FDWLRQ IRU
Coconut Fibre (Coir Fibre) Part 1: Brown Fibre and
Mixed Fibre. Sri Lanka Standards 115: PART 1. Sri Lanka
Standards Institute, Elvitigala Mawatha, Colombo 08.
27. Tharanga S.A.R., Wathulanda H.K.P.B., Weerakkody
W.A.P. & Gamlath S. (2005). Variation of chemical and
physical properties of raw coir dust with reference to
age: origin and extraction method. Sri Lankan Journal of
Agriculture Science 42
28. Zotarelli M.F., Porciuncula B.D.A. & Laurinda J.B.A
  &RQYHFWLYH PXOWLÀDVK GU\LQJ SURFHVV IRU
producing dehydrated crispy fruits. Journal of Food
Engineering   
DOI: KWWSVGRLRUJMMIRRGHQJ

Journal of the National Science Foundation of Sri Lanka 45(1)

