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Abstract 

This research involv ed desi gn­
ing and developing a prototype for 
minimal process ing of tende r coco­
nut that could trim the outer husk to 
make a pentagonal shape coconut 
that could be cut open easi Iy. The 
prototype consisted of a trim ming 
unit and a power tran smission sys­
tem. The trimm ing uni t con sisted 
o f a tender nut hol der, shoulder­
trimming knife, and bottom cutt ing 
knife. Shoulder tr imming knife was 
set to the angle of 60" giving rise to 
minimum fibrous surface and short 
processing time. Du ring operation , 
the tender coconu t was placed ver­
tically at the holder and clamped 
before the shoulder tr imming took 
place. When the fru it rotated, the 
ope ra tor manua lly adj us ted the 
trimm ing blades to trim the shoul­
der part of the fru it. T he res ults 
show that the coconut tr imming ma­
chine could trim 160 tender nuts. h' 
with a trimmed husk of 52.56 kg/h 
vhen the rotational speed was set at 

428 rpm . 
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Introduction 

Tender coconut water is a pure 
and he alth iest natu ral bev er ag e 
with man y medicin al propert ies . 
The husk and hard shell of coconut 
is an except ional package for the 
in side wa ter wh ich co nta ins es­
sential minerals, suga rs, complex 
carbohyd rat es, ascorbi c aci d and 
vitamin-S co mple x, amino acids, 
phytohormon es, elect roly tes and 
cy toki ne (Harach and Jarimopas , 
1995). Jt is an alternative to sports 
dri nks and aerated beverages and 
low in calories. According to Sports 
Science Institute (USA), tender co­
conut water suitable for the budding 
sports drink mark et. Due to high 
perishable nature of tender coconut, 
it gets lost natural freshness within 
24 to 36 h eve n under cold condi­
tions unless treat ed scientifically 
(Gectha et a\., 2016). Maturity and 
developm ent of the tender coconut 
also strongly affects the fruit qual ity 
(Jarirnopasa and Kuson, 2007). 

The tender coconut is a bu Iky 
commodity due to husk that poses 
lot of transportation, packaging and 
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handlin g problems. The ave rage 
tender coconut weight is 1.5 kg of 
which the husk constitute of two­
third of the volume of tender coco ­
nut or 65% of the total weight (Raju 
et al., 2002; ll aseena et aI., 20 I0). 
Hence, hand ling of tender coconuts 
will be easy if a major part of the 
husk is removed . But, the partial 
removal of husk resulted in rapid 
spoilage of nut s due to biochemi­
cal and enzymatic re actions are 
constrains in marketing of tr immed 
tender coconut in areas where co­
conut not grown (Hase ena et a l., 
2010). To retain the wholesomeness, 
fresh Iy harvested tend er coconuts 
are tr ansported to the processing 
house for trimming of individual 
nuts. The tender coconuts should be 
minimum six months old and the 
trim ming process should allow the 
husk at least I em thickness over 
the soft eye for minim al process­
ing of tender coconut (Mohpraman 
and Siriph anich , 2012). The tender 
coconut is usually tri m med like 
pentagonal shape (conica l shaped 
top with tapered cylindrical body 
and a f lat base) to remove 50-60% 
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of the outer husk, and then shrink 
wrapped before being packed in 
corrugated boxes. The technology 
for preser vation of tri mmed tender 
co conut de veloped by Raju et al. 
(2002) involv es dippin g partially 
dehus ked tender coconut in a citric 
acid (0.50%) and potassium metabi­
sulphate (0.50%) solu tion for three 
minutes. They found that dipped 
tender cocon ut can be stored up to 
24 da ys in refri gerated condition 
(5-7 °C ). By using this process, ten­
der coconut can be exported to dis­
tant place and served like other soft 
drinks. 

Min ima l proce ssin g of tender 
coconut reduces transport ation cost 
and facil itates ea se of pack agi ng. 
Co nve nt io na l trim min g pro cess 
requ ires skilled labour to shear the 
husk of tend er coco nut with sharp 
knife (Jarimopas and Ruttanad at , 
2007 ). Hence, it is requires signifi­
cant physical st rength and ext remely 
da ngerous procedu re. Other troubles 
related with conventional trimming 
process a re the shortage of skilled 
labour, product is not uniform size, 
high produ ction cost, and the time 
consumption ( Yahya and Mohd 
Zainal, 20[4). Consequently, several 
food engineers and coconut growers 
have at tempted to develop tender 
coconut trimming machine ( i larach 
and Jarimopas , 1995; Jarimopas 
and Pechsamai, 2002; Jarimopa s 
and Ruttanadat, 2007; Jarimopas et 
aI., 2009). Unfortunately, their ma­
chines were unac ceptable by farm­
ers, processors , exporters and trad ­
er s due to low tr i mming ca pac ity 
and complicate procedure involved 
durin g trimming process. Jarimopas 
and Ruttan adat (2007) developed a 
mach ine to trim tender coconut by 
horizontal lathe cutti ng mechan ism. 
Ho wever , most of the op erat in g 
tim e was was ted to repos ition of 
the tend er nut and readjustment of 
trimming knife for each trimming 
operation (Jarimopas et aI., 2009). 

In fac t, many coconut growers, 
traders, exporte rs and entrepreneurs 
have expressed the intere st to have 

ma chinery that is able to trim the 
tender co conut into a pentagon al 
shape (flat bottom, round body and 
pyramid top) as fast as can currently 
be done by Jabor. Therefore, there is 
an urgent need for minimal process­
ing machine to trim the tender nuts 
in simple and safer way. The main 
aim of the present study was devel­
opment and performance evaluat ion 
of min imal processing machine for 
tender coconut with vertical holding 
and trimming 'mechanism. 

Materials and Methods 

Ra w Mate r ia ls 
Freshly har vested tender coconuts 

were obtain ed at Farm Office, Cen­
tral Plantation Crops Research Inst i­
tut e (CPCRI), Kasaragod . Knowl­
edge on the physical prop erties of 
the coconut was substantial in de­
signing the tender coconut trimm ing 
machine. Hence, 50 of intact tender 
coconuts from west cost tall (WCT) 
variet y were selected and measured 
to determin e the diameter, height 
and husk th ickness of each tender 
coconut using the vernier caliper . It 
is important to ensure that the ten­
der coconuts were free from physi­
cal damage beforehand . Each tender 
coconut was dehusked manually to 
determine the husk thickness. 

Mach ine Design 
The design concept was to t rim 

the vertically rotat ing tender coco­
nut by appl yin g an inclined knife 
in tran slation motion in order to get 
the desir ed shape of the tender co­
conut. The tender coconut trimm ing 
machine consisted of a main frame, 
sprin g arm, slidin g slot, tender co­
conut holder, a shoulder trimm ing 
knife, a bottom cutt ing kni fe and 
power transmi ssion unit. Fig. 1 il­
lustrate s the engineer ing diagram of 
the machin e and its important com­
ponents . 

The hor se power of motor re­
qu ired to rot at e tend er coconut 
holder was calculated by using the 

following formula (Khurm i and 
Gupta, 2006), 

Hp requ ired to ope rate te nd e r 
coc onut min imal processing 
machine = 2rrNT / 4500 

Where,
 
N= rpm of tender- nut holder,
 
T= Torque, kg-m,
 
Se lf weight of the sp r ing arm
 

4.5 kg 
Average tender coconut weight = 

1.2 kg 
Force required to tr im the tender 

coconut (004 cm) = 19.8 kg 
Diameter of tender coconut holder 

= 0.09 m 
Speed of tender coconut holder = 

450 rpm 
Torque requir ed = load x distance 

= 25.5 x 0.09 = 2.295 kg III 
Hp required to ope ra te render 

co con ut trimm ing mach inc = 
(2rrNT x 2.295 x 450) / 4500 = 

[044 hp > 1. 5 hp 
Th e machine wa s dri vc n by a 

single phase electric motor. An AC 
mot or of 1.5 hp w ith ma x imum 
speed of ),425 rpm was used. 110\\ ­
ever, around 400 to 450 rpm was 
normally applied for tri mming the 
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tender coconuts (Yahya and Mohd 
Zainal, 20 (4). 

Ca lculation of diamet er of pulley 
require d to rotate tend er coconut 
holder 

0 1 N 1 = O~ N~
 

N 1 / N: "" D: / 0 1
 

Where, 
0 1 = Dr iv ing pulley di ameter 

(mm) 
N 1 = Revolutions of driving pulley 

(rpm) 
D: '" Driven pulley diameter (mm) 
N2 = Revolut ions of dr iven pulley 

(rpm) 
1425 / 450 =., D: / 75 
Diameter of dr iven pulley = 237.5 

m ill 

Tile standard size of pulley avail­
able in market is 250 mrn. Hence , 
the bott o m ho lde r rot ates at 428 
rpm. 

The bottom holder consisted of a 
circular platfo rm in the middle and 
was sur ro unded by six peg teeth. 
The top holder comprised a handle, 
a spring ann , sl iding slot and a cone. 
T he spr ing a rm wit h sliding slot 
was used to clamp the top port ion of 
lender coconut based on the height 
o r tende r coconut. The fu nction of 
cone was to lighten the top portion 
or lender coconut. A shoulder trim­
ming knife attached on the cone to 

Fig. 2 Per formance eva luatio n of 
deve loped tender cocon ut tr im ming 
machine 
----~-

perform the tr im ming operation. 
Acco rd ing to Yahy a and Mohd 
I.a inal (2014), high carbon sta inless 
steel blad e was best to undertake 
the trimming proc ess. Hence, we 
used high ca rbon st ainless s tee l 
blade to trim the shoulder part and 
to cut the bottom port ion of tender 
coconut. The most suitable angle of 
the shoulde r trimming knive (60°) 
were determ i ned acc ord ing to the 
sho rt trimming t ime, appea rance 
and defect rate of the final trimm ed 
tender coco nut. The AC motor (1.5 
hp, single phase, 1,425 rpm, 50 Hz, 
220/230 V) was attached through 
V belt to dri ve the bottom holder. 
About 250 mm diameter pulley was 
used to reduc e the rpm of 1,425 to 
428. 

Performance Evaluation 
To evalu ate the performan ce of 

th e ma chine , WCT was chos e n 
as the test variety. A total of 100 
freshly harvest ed WCT coconuts 
wer e obtained from Farm Offic e, 
Ce ntral Plantation Crops Research 
Institute, Kasaragod. To eva lua te 
the machin e performan ce, 50 intact 
tender coconuts, which have un i­
form shape and size, were selected. 
T he tender coconuts were trimmed 
co ntinuousl y usin g the prototype 
minim al processin g machin e and 
the perform ance of the machin e 
was evaluated. The production rate 
was calculated based on the finished 
produce capacity per hour whereas 
product qu ality was evalu ated in 
terms of app earance of the fi na l 
tr immed coconut. 

A si ng le ope ra tor was requ ired 
to perform the tr imm ing operation. 

Once the tender coconut was fitt ed 
with the holder, the operator starts 
the trimming process (Fig. 2). Dur­
ing the trimm ing process, the shoul­
der part of coconut trimm ed f irst 
and then the high carbon stain less 
steel knife was used to penetrate the 
husk of the rotati ng tender coco nut 
thus res ult ing in a cutt ing of bot­
tom portion of the tend er coconut. 
At the end of the trimming proces s, 
machine capacity was measured and 
percenta ge of defects was calcul ated 
usin g fallowing equat ions (Jarirno­
pas and Ruttanadat, 2007). 

Machine cap acity = Number of 
tr immed tender coconuts / Time 
taken (1) 

Percenta ge of defects = Number 
of broken product + Unsuccess ­
ful trim product / Total numb er 
of trimmed tender coconut (2) 

Results and Discussion 

Physical Properties of Tender Co­
conuts 

T he avera ge height and dia meter 
of intact tend er coconut were 16.10 
± 0.87 ern and 12.51 J: 0.89 ern re­
spec tively (Ta ble I). T he phy sical 
properti es were the substantial data 
which determ ined the design of the 
tende r coconut holder and trimming 
kni fe posit ion and angle set t ings 
(Jarimopas et al., 2009). Generally, 
the upper husk thickness was higher 
than the bottom husk th ickne ss of 
all samples. However, left and right 
sides husk thi ckn ess of the tend er 
coc onut vary a nd predo mi na nt ly 
dep end ed on the shape of the ten ­
der coconuts . Even wide vari ati on 

Table 1 Importa nt phys ica l properties of tender coc onut (Va riety - We T) 
---------~--~--~-- - ­P roper ty Mean ± SD _._----------_._----- "---
Te nde r coconut he ight 16. I0 ± 0.87 

Tende r coconut circu mference 39 .29 ± 2.81 

Tende r coconut d iame ter 

T hick ness of hus k at top (stem to shell) 

12.51 ± 0.89J5.05 ± 0.36 
Thick ness of husk at right side 2.88 ± 0.23 

Th ick ness of hus k at left side 1.94 ± 0.30 

Thickness ofh usk at bo lto m (she ll to base) 3.20 ±0.2 1 - ----- - - -. ._- - ---- -- ---- -- --- _ ._- ­. ~-

Maxi mum Minimu m 
.._ 

17.2 

43 .50 

13.85 

5.8 
3.2 

2.6 

3.6 
---- _ .- -­

14 .2 

33.50 

J0.67 

4.4 
2.4 

1.6 

2.9 
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intender coconuts sha pe , size and 
husk thi ckn ess ex ist with in types 
and po pulations (Cha n and Elev itch, 
2006) . 

Per for ma nce Evaluation 
T he di st an ce be twee n top and 

bo tto m holder of te nde r coco nu t 
was desig ned acco rding to the av­
e rag e he ight of WCT va riety ( 160 
m m). In order to hold the diff erent 
variety of ten der coco nuts including 
C howg ha t Ora nge Dwarf (COD), 
C ho wg ha t G re e n D wa rf (e G O) . 
M a lay a n O r a nge D wa r f ( MO D) 
and Malayan Yellow D warf ( M YO) 
an add itiona l of 80 mm he ight was 
provided . Hence, the total clea rance 
pr ov ided be tw een top an d bottom 
ho lde r was 240 mm . Jari mop as et 
a l., (20 09) provided shoulder kn ife 
height of 180 mm fOT trimming of 
" Na rnhorn" var iety. 

T he average hold ing ti me taken 
by th e operato r to se t th e tend er 
coc o nut wa s 11 s nut:' . T his was 
co nside re d as tim e co nsu mi ng as 
the ope ra to r had to manuall y posi­
tion s the ten der coconut. A total of 
2% of th e coco nuts wer e dam aged 
dur ing the tr imming process due to 
broken shell as a result of exces sive 
tri mm ing. T he opti mum opera ti ng 
con di tions of the prototy pe machine 
we re as fo llows : a) 428 rpm rot a­
tional spee d; b) the tri mming knives 
need to be c ha nge d or sha rpe ne d 

afte r 80 tend er coconuts had be en 
tri m med ; c) average shoulder trim­
min g tim e (mac hin e) wa s about 9 sl 
nut; d) aver ag e botto m-up cu tting 
t ime (m anual) was a bo ut 3 s/nut. 
T he tot al p rocess ing ra te of th is 
prototype machine was 160 nuts per 
hou r in clu d ing t he ho lding, t r im ­
ming and bottom cutt ing, which wa s 
at mo st four ti me s faster th an con­
vent ional manual trirnrn ing method. 
Mo reo ver , th e tr imm ed tend er co­
co nu t produ ced by unskill ed la bor s 
du r in g manu al t rimmin g was not 
pre sent a ble due to uneven co ntou r 
( Yahya and Moh d Z a in al , 20 14), 
w here a s the devel oped machine 
managed to tr im the tender coconut 
uniform ly. A shou lde r kn ife angle 
of 600 gave the best result in term s 
of f ina l prod uct qua lity. Jarimop as 
and Rutt anad at (2 007) a lso fo und 
that sho u lder kn ife ang le betwee n 
th e kn ife and the X Y-p la ne (61') 
gave the best resu lt in lath e cutting 
machine me chan ism. 

As shown in F ig. 3, the output of 
tend er coconut using prototyp e ma­
chine had less protrud i ng fibre and 
th ere we re no m arked di ffer ences 
in terms of a ppe a ra nce com par ed 
to man ua l tr imm ing. In com parison 
with the pre v iou s wor k done by Ja­
rimo pas and Rutt anadat (2007) and 
Yahya and Mohd Zaina l (2014), their 
p ro to ty pe mach in e cou ld tr im 2 1 
and 49 nuts pe r hou r at 300 and 400 

Table 2 Compariso n of tend er coconut trimm ing mach ines 

=-~e t ho~-T- M ech~n:m_~ 
Man ua l t r i mm i l~ I ShCari ng and 
method usin g 
knife 

"- --- -­
Young coconut 
fr uit trimming 
ma ch ine 

Young coc on ut 
fr uit opening 
machine 

Automatic 
tri mm ing 
m achine 

Young cocon ut 
shaping 
mac h ine 

cutt ing 

" --------­
I athe cu tti ng 
machine mechanism 

Shearing the 
rotati ng trimmed 
young coconut by a 
sta~ iona ry ~n~_ 

Ver tica l tr imm ing 
mechanis m w ith 3 
fru it holders 

lat he tr imming 
mec hanism 

_ ~~:'C:1j 
35 

- - -". 
21 

120 

86 

49 

Fig. 3 Trimmed ten de r coco nut--... 

rpm rota tion, respect ively (Ta b le 2). 

Conclusion 

A p rot oty pe of sem i a u to mati c 
tend er coconut tr im mi ng mach ine 
was develop ed and eva luated. T he 
mechani sm used feat u res a s ha r p 
in cl in ed k nife w h ic h ope ra tes in 
transl ati on mot io n i n a vc r t ica l 
p la ne to trim th e f r ui t, w h ich is 
clam ped tightly and rot ates about a 
vert ica l ax is. Ma chine com ponents 
include a main f ra me, a s houlder­
tr imming station, a base-c utting s ta­
tion, rotary base holde r, and a powe r 
drive. O pt ima l se t ti ngs inc lud ed 
42 8 rp m rotation of th e t r imrncd 
fr u it, and a sh ou lder kn iFe an g le 
of 60°. T he cu tti ng edge a ng les o f 
the shoulder knives have proven to 
ge nerate smoo th tri m m ing w ith less 
pro trud ing fib res on the final prod ­
uct . Th e machine pe rfor mance test 
indicated a tri mm ing (sh oulder) a nd 

" ~- ------ --- --,-------­
Product Q ua lity Operatio n 

Shape is depends Risky operation and time co nsumi ng 
on skills oflabour process 

Uniform shape Safe and time co nsumi ng operatio n 
a nd size (kn ife ang les 61° produced the least 

~mou n t of~fibe rs) 

Unifor m shape Sa fe ope ration (An ang le of SOc was 
a nd s ize considered the optim um) 

Unifor m shape Sa te o pe ra tion and knife cha nges 
a nd size were necessary after 50 tr imm ing 

operations. 

Refe re nce 

Jarimopas et a l. 
(2009) 

Ja r imopas and 
I utta nadut 

-+(2007) __ 
Ja rimopas a nd 
Kuson (2007) 

Ja rimopas e t a l. 
(2009) 

nitorm shape Saf e operat ion but the trim min g knives Ya hya a nd Mohd 
a nd size nee d to be changed afte r 30 tri mming Za ina l (20 14) 

"?pe rat~~ _ __ __ _. _ 
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cuu ing of bottom portion of tender 
coconut with total holding and trim ­
ming process of about 160 nuts per 
hour. About 328 .5 g of husk can be 
removed from each tender coconut 
by t rimming o perat io n. The trim ­
m ing knives need to be sharpened 
or changed after 80 fruit s had been 
trimmed. Grading and sortin g of the 
tender coconuts are not necessary to 
per form trimm ing operation in the 
developed machine, becau se of the 
large clearance (240 rnrn) and slid­
ing slot between holders . The devel­
oped machine could trim the tender 
coconuts at higher level of efficiency 
compared to the manual method . 
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