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ABSTRACT 

Coconut and arecanut are the major plantati on crops and their cultivation has deep root in the culture and history ofIndia. 
Cocoa is an under story crop of coconut and arecanut and is of recent origin to India. In order to enhance the production 
of coconut and arecanut in India numbe r of comm ittees and organizations were set up both durin g pre-independence and 
post-independ ence periods. These institutional mechanisms suggested research needs to enhan ce the productivity, better 
management of pest and diseases and marketing. However, it was rare ly felt that there is a need for research on advanced 
processing and product diversi fication in India. During 1990s there was suffic ient area expansion and steady increase in 
productivity that resulte d in market glut leading to price crash thereby emphasized the need for value addi tion and product 
diversification so as to stabilize the price for the produce. Though value addition of plantation crop products is at its 
nascent stage in India, the recent innovat ions and the value chains systems developed can transform the fanners into 
entrepreneurs and can easily increase their income. There are well establi shed organizations for research (lCAR-Centra l 
Plantation Crops Research Institute and State Agricultural universiti es), various developm ental agenc ies [Coconut 
Development Board (CDB), Directorate of Arecanut and Spices Development (DASD)], funding sources (l ike central and 
state government schemes, NABARD etc.) and to implement these value chains , farmer producer organizations are being 
established in each producing states. In this review we present the research developments durin g the last 75 years on 
value added products and product diversification of coconut, arecanut and cocoa which can be effortlessly taken up as 
a cottage or small scale industries. 

Keyw ord s: value addition; plantation crops; food processing; machineries; industrial uses 

INTRODUCTION 
oil and fat, while arecanut is a stimulant but both possess a Palms are amo ng the best known and most extensively 
hug e reperto ire of bioch em ica ls such as polyph en ols, culti vated plant species nat ive to tropical and subtropical 
antioxidants, minerals and vitamins. In coco nut the husk regions of the world. Some of the palm trees native to 
of the fruit is the source of coir, used for ropes and mats; Ind ia are cocon ut (Cocos nucifera L.), palmyra (Borass us 
the hard inner fruit layer (endocarp) is used as fuel and to fla bellifer L.), date (Phoenix dactyl ifera L.), fish tail (kithul) 
make charcoal, cups, bottles, and trinkets; coconut "juice" 

(Caryota urens L. ), pejib aye tBactris gasip aes L. ), arecanut 
or "wa ter" (liquid endosperm) is a tasty beverage; the flesh 

(Areca catechu L. ), sago (Cycas revolute Thun b.), royal 
(solid endosperm) is eaten raw or dr ied to fonn copra, a 

iRoystonea regia (Kunth) O.F.Cook, oil palm (E laeis 
source of oil (widely used for food preparation and industrial guineensis Jacq.). fox tail (Wody et ia bifurcat e AX.Irvine). 
purposes) and oil cake (catt le feed); the flesh may also be doum (Hyp haen e thebaica (L. ) Mart.) an d aren palm 
grated, mixed with wate r, and pressed to obta in coconut (Areng a pinna ta (Wurrnb) Merr .). Most of these palms 
milk, used in food preparation and as a substitute for cow 's have been extensive ly used by humans for various purposes 
mille The sap obtain ed from tapping the infl oresce nce , since tim e immemor ial. The palms with the greatest 
or Dower stalk, is drunken unfermented (Kalparasa® importance in Indian commerce are the coconut and areca 
nee ra ) or fermented (toddy ) and is a source of sugar, nut, both are primarily culti vated in south lndian coastal 
vitamins, antioxidants and minerals. Tru nks are used in and hilly interiors. Coconut is the main source of vegetable 
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con st ruc tion and furni ture making, and leaves are used in 
a variety of ways in domes t ic economi es . Th e nut o f 
arecanu t tree is used chi efl y for chewing, wh ich giv es kind 
of p leasure fo r the chewers. Areca tree prov ide s fodder 
for catt le, edib le fru its, bui ld ing materials , fuels and fibres . 
Cocoa is used to make choco late milk , cakes, chocolate 
bars, chips and ot her confec tionary item s. 

The evo lutio n of research in plan tat ion crop s su ch as 
coconut, arecanut an d cocoa has immen se roots in the 
cu lture an d hi sto ry of the region whe re these crops are 
grown. Furthermore, the rese arch and developme ntal facets 
o f thes e pl antati o n cr op s ca n no t be wi tnes sed as a 
standa lone aspec t considering the int ricate relations hip s 
these crops weave in the socia l fabric of the regions where 
it is cultivated. In 1950s the area under coconut and arec anut 
was only 6 lakh ha and I lakh ha , respect ively with a 
co rresponding pr oduction of 32 81 milli on nuts and 80000 
tonnes . Hence, the re search pr ior ity during the period was 
to increase the productivi ty to meet the domest ic demand 
for co ns umpt ion . Wi th the coordin at ed efforts o f the 
re search , the product iv ity of both coconut and arecanu t 
star ted sh ow ing steady increase sin ce 199 0s wh ich in 
combination wit h area expansion res ulted in an initial steady 
and later gl ut in prod uction (Fig. 1). At present 22,000 milJion 
nuts of coconut is produced from 2.1 m ha ar ea with an 
average productivity of above 10500 nuts /ha, The enh anced 
productiv ity during 1990s and the accompanying price 
crash had necessitated the need for value addit ion and by 
produc t ut ilization to increase the income from per unit 
area . 
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Fig.1: Area production and productivity of coconut (Source: htlps:1I 
coconutboard. nic.in/statistics.aspx) 

A glimpse of trad it ional products of coconut at the globa l 
scale in the year 1993 rev eals that coconut ke rne l-based 

produ ct s, oleoc hemicals, raw ma teria ls for soap ind ustry 
etc. we re dominant. However, in th e year 20 i 8 it was 
observed tha t more than 100 diverse products are made 
availab le for the consumers (ICC Sec retariat Presentat ion , 
Coconu t for a be tter fu ture , Vanuatu coconut summit-20 19, 
San to, Vanuatu). In order to promote research on plantation 
crops Central Pl antation Cr ops Research Insti tute (CpeRI) 
was established in 1970 and the Central Cocon ut Research 
St ation (CC RS) Kay amkul am and Cen tral Arecanu t 
Researc h Sta tion (CARS) a t Vitta l, Karna taka were 
designated as Reg io na l Stat ions . To fur ther strengthen 
devel opmental activities Coc onut Development Board (CDB) 
under the Mi n istry of Agricu lture was established in 198 I. 
A central ly sponsored scheme "Techno logy Mi ssion on 
Coconut (TMOC)" wa s initi ated in 2002 to encourage the 
production of val ue added products an d the ir export. CD B 
had taken initiat ives in the form ation of Coconut Producer 
Societies (C PS), Coconut Producers Federat ion (CPF) an d 
Coconut Prod ucers Company by mobi liza tion of sma ll and 
margina l coconut fanners in contiguous areas. 

Ar eca nu t/b etel nut (Areca catechu L.) is an importan t 
commerc ial crop cultivated through tropical Indi a, East 
Africa, Far Eas t Asia, and So uth Pacific. Ind ia is the major 
producer a nd consumer of arecanut in the wor ld . The 
present g lobal production of areca nut is abou t 1.214 mi llion 
tonnes from an area of 0.9 58 million ha. India ranks first in 
both area and pro du ction. In India, areca nut is cultivated 
in an area of 473 thousand ha wit h an annua l product ion of 
703 thousand tones (Fig .2) . Karnataka is the major producer 
as the state shares 59 .32 % of crop foll owed by other 
major producers suc h as Kerala, As sam and West Bengal 
(Fig. 2) . A lthough, the production of areca nut is localized 
in a few s ta te s , th e commerc ia l prod uc ts are widel y 
distributed across the co un try and are be ing con sumed by 
aUclasses ofpeopl e. Areca nut industry forms the economic 
backbone of nearly six million people in India and for many 
of them it is the sole means of live lihood. Compared to 
coconut the research progress on va lue add ition and pro duc t 
development of arecanut is meager as a res ult ev en today 
more than 95% of the arecanut produced goes fo r chewing. 

Since 1970 researc h in arecan ut is conducted by the rCAR­
Ce ntra l Planta tion Crops Research Inst itut e a t its R egiona l 
Station at Vitta! and Research Ce ntre s at Kidu (both in the 
Dak sh ina Ka nnada district ofKarnataka), Mohitnagar (West 
Be ngal ) and Kahikuch i (As sam) while the developmental 
portfolio res ts with the Directorate of Arecanut and Spices 
Devel opment ( DASD) , Kozhikode in Kerala . In fac t, 
comprehensive R&D efforts in arecanut started as early as 
194 7 w ith the e s tabl ishment of an ad-ho c areca n ut 
co mmittee by the ICAR to study the problems of ar ecanut 
ind us try and subsequently, the Ce ntra l Arecanut Re sea rc h 
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Stati on (CARS) was established a t Vittal in 19 56 . 
Consequ ent to the es tab lishm en t of the CP CRI in 1970, the 
CAR S becam e the R eg ion al Station of the Inst itute . 
Government ofKama taka and Kerala set up Central Arecanut 
Marketing and Processing Cooperative Limited (CAMPCO) 
in July 1973, for pr ocurement of the bulk of the produce , 
for proper sto rage and timely release of produce co inciding 
wit h the de mand. An expert committe e constituted in 200 1 
to l o ok in to th e m a r ket gl u t an d the co nsequen t 
un precedented fall in prices and a great fan n er dis tres s 
rec ommended technical and fina ncial assistance for the 
entre prene urs to enco urage / promo te a lte rnate uses o f 
arecanut by- products such as arecanut stem, leaf she ath 
etc . for making disposable plate s and cups, caps, um brellas, 
curios and other products derived from arecanut. Nationa l 
Horticulture Board (NHB) was advise d to fun d for such 
projects. 
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Fig.2:Area, productionandproductivityofarecanutinIndia 

Cocoa en tered in In dia way back in 1798 and tropica l 
d iversifi ed co nge nia l c lima te in Ind ia espec ia lly in the 
southern part provided immense scope for its cul tivat ion 
(M alhotra et al ., 20 16). Howeve r, the cultivation on a 
commerci al sc ale began on ly in 1970 and hence, coco a 
cult ivat ion in Indi a is of recen t ori gin. Sin ce 1964 , CPCRl 
has been co ntinuo usly engaged in research on various face ts 
of cocoa cu ltiva tion. The real commercialization ph ase of 
Ind ia 's cocoa economy commenced post Independence in 
196 5, when the Cadbury India Pri vate Limited started the 
direct involv em ent in promotion of the crop . At first, Criollo 
beans were culti vated and late r when Forastero cocoa p lants 
were brought in from West Africa, these Criollo trees were 
removed to avoid cro ss po llination. In the early 1970s, global 
coc oa prices soared and many plan tations in Kerala be gan 
cultivating the trees. Bu t, when the prices suddenly drop ped 
wi thin a decad e or two, mo st of the co coa pla nters mov ed 
to rubber and other crops. Cen tra l Ar ecanut Ma rke ting and 

Pro cessing Co-operati ve (CAM PCO), during 1990 's start ed 
procu ring, processing and ma rket ing co coa products. From 
the ye ar 2006 onwards , the domest ic cocoa pr ice s have 
bec ome att ractive with steady increase , and by the end of 
2009, the pr ices have reac hed record high in co mpariso n 
to the pre vious 3 1 years . In re ce nt tim es, cocoa is fast 
sp red ing in sta tes of And hra Pradesh and Tam il Nadu. In 
the global pro duction scenar io, India is a very small pl ay er 
with the production share of a meagre 0 .3%. It is m ainly 
cultiva ted in four major sou the rn sta tes ofKe ra la, Karnataka, 
Tami l Nadu and Andhra Pr adesh. 
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Fig. 3: Area production and productivity of cocoa 
(Source: wwwdccd.govin) 

The cocoa industry in th e cou ntry has expanded to a 
cons ide rab le ex tent in recent years , w ith a produc tion of 
27 ,072 MT tonnes of cocoa from an area of ] ,03 ,376 ha 
with an average productivity of 669 K glha and con tribut ing 
more than Rs.2,000 milli on annua lly to the nat ion al GDP 
(D CCD, 202 1). Altbou gh the per capita cocoa consump tion 
in Ind ia (0 .04 kg/head) is meagre in co mparison w ith major 
cocoa cons um ers , the co nsum ption has bee n stead ily 
increasing ove r the last 10-15 ye ars , reflecting the increasing 
purchasing power of the expanding midd le class segm ent 
in In d ia . Takin g in to co nsiderat ion, the pr ese nt day 
co nsumption patterns and growth of co nfectionery indus try 
in India at around 15-20 %, the de mand for coc oa is likely 
to increase in co mi ng yea rs. Th e demand for cocoa by 
2050 is proj ected at 212 thousan d ton nes ag ai ns t th e 
es timated supp ly of 12 1 thousand ton nes . 

This rev iew com piles the maj or val ue added and di versifie d 
products and process ing ma chineri es develop ed during the 
last 75 yea rs for coconut, are canut and cocoa in Ind ia . 

ADVANCES IN COCONUT PROCESSING 
Even tho ugh Indi a is a leading producer of coconut in the 
wo rld sce na rio, the co untry has not a ttai ne d a desired 
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product divers ification. Coconu t processing is confined to 
handful of sectors such as copra production, coconut oil 
extraction and desiccated coconut powder preparation in 
food industry. Besides, coir and coir-based products form 
ano ther important component of coconut processing. 
Among the food process ing secto r, approximately 40% of 
coco nut is utilized for culinary and religious purp oses 
whereas 35 % is used for oil extraction via copra production 
and very miniscule propor tion (6%) is being utilized in the 
manufac ture of value added products ( I% virgin coconut 
oil, 1% as coconu t milk or cream, and 4% as desiccated 
coconut), 17% is consu med as tender nuts and 2% for 
cocon uts are utilized in seedling production . 

Unlike India, otherAsian countries like Philippines, Indonesia 
and Vietnam etc., have ushered in an era of coconu t product 
diversification utilizing state-of-the-art technologies available 
in food process ing sector. The changes in food habits and 
introduction of cheaper edible oil alternatives including oil 
palm and soybean have led to the decline in use of coconut 
oil in food and edible oil sectors. Thus, a prime reason for 
sharp decIine in the price of coconut and its products could 
be attributed to the greater dependence of this sector on 
the price of coconut oil which in tum is influenced by the 
interna tional supply of other vegetable oils. In this context, 
divers ificat ion of coconut food products and processin g 
tec hn olo gie s has an immense po tenti al to achi eve 
remuneration and to enhance the export of coconu t based 
products. 

Coco nut serves as the basic raw material for a series of 
agro-processing activit ies and sustains the lively hood of 
over 10 mill ion people in the country. Copra , Coconut Oil, 
Desi ccated Coco nut, Coconut Cream, Coconut Mi lk 
Powder, Virgin coco nut oi l, Coconu t chips etc. are few 
among the products usi ng coconut kerne l as the raw 
material. Many of the unit operat ions involved in coconut 
processing was done manually ti II recently. These uni t 
opera tions involved in the production process were all quite 
cumbe rsome and involves a lot of drudgery, especially for 
the women folk. The unfavourable benefit-cost ratio due 
to the high labour involvement was the major reason that 
prevented en trep reneurs from taki ng up the coc onut 
process ing tech nology. Research and deve lopment by 
priva te entrepreneurs and institutions in public sector led 
to the development of a series of machineries that could 
reduce the drudgery and made the coconut proc essing 
industry more competitive. 

Tree Climber 

Climbi ng the coconut palm is an essential opera tion for 
various act ivities such as harvesti ng, cleaning, pollinating, 
sap collection and other research and plant protection-related 

activ it ies . Due to the its cy lindr ica l stru cture and 
unbranched, single stem manually climbing on coconut is 
very difficu lt. Kushwaha and Singh (2015) reported that 
amongst the various models tested Chemperi model (pedal 
type) climbing device was found most suitable, for which 
CPCRJ introduced a safety attachm ent device (Fig. 4). This 
safety attachment had eliminated the risk of falling down. 
Further, robotic type climber has also been developed and 
tested but were not successful up ti II now. 

Fig. 4: Safetyattachmentdeviceforcoconut treeclimbers 

Invention on sap collection and its value addit ion 

Coconut sap, normally called as neera is the phloem sap 
from the unopened coconut spadix. It is a very good health 
dr ink, rich in sugars, prote in, amino acids, minerals. 
antioxidants , and vitamins. ICAR-CPCRl developed 'Coco 
sap chiller ' collects fresh, hygienic and unfermented sap 
(Fig.5) (Hebbar et a12015b) and is called as Kalparasaes. 
Coco-sap chiller is a light weight HDPE insulated portabl e 
device which is directly connec ted to the coconu t and the 
ice cubes placed inside the box keeps the inner temperature 
low and thus collects the sap in its original form (Hebbar et 

a1 20 15a; 20 l5b) (Fig.S). 

Fig. 5: Coco-sap chiller developed byICAR-CPCRI for the collectionof 
unfermentedcoconut inflorescencesap. 

,
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Kalparasa col lected by coco-sap chill er under low 
temperature can be sold as fresh juice in local market with 
the adherence to quality standards prescribed by CPCRI . 
pH of the fresh sap is 7±0 .5. pH> 7 is ideal for promotion 
to health drink . Other qual ity parameters easily j udged are 
degrees Brix around 14; color golden brown; and taste sweet 
and delicious (Fig. 6.). The collected sap can be stored for 
any length of time under sub-zero temperature. The sap 
gets freezed and just before use it is thawed to get the 
original liquid form. Dispensers are used to keep it cool in 
kiosks or neera hub for selling fresh sap (Hebbar et al---..­

2018). 

Fig.6: Comparisonof collectionofcoconut inflorescencesap bytraditional 
methodand coco-sapchi llermethod (a)Earthen polconnectedtothe unopened 
inflorescenceto collectthe sap;(b) Coconutsap collectedby traditionalmethod. 
(c) Coco-sap chiller;(d) Coco-sapchillerconnectedtothe unopenedinflores­
cence and (e)Coconut sapcollected by coco-sapchiller method 

Ka lparasa-product diversi fication and va lue add it ion 

The hygienic, zero-alcoholic sap collected by CPCRI method 
is easy to proc ess in a natura l way without the use of 
chemicals into various value added products which fetches 
premium prices both in domestic and intematio nal markets. 
Very good quality coconut sugar, jaggery, nectar or syrup 

can be produced in double jacketed cookers w ith 
temper ature regulation and stirring facility (Fig. 7.). 

Fig.7: Coconutsap concentrate and sugar are prepared by evaporating the 
moisture from the fresh sap.(a) Specially designed double jacketed cooker; (b) 
coconut sap concentrateand (c) coconut sugar 

Coconut sugar is the best natura l sweetener which possesses 
several health benefits - contains all essential amino acids 
required for protein synthesis; cons iderable amount of 
minerals like calcium, magnesium, zinc, iron and copper ; 
rich in electro lytes like sodium and potassiwn; abundant in 
dietary fibers which norma lizes bowel movements and 
digestion ; rich source of phenolics which are potent and 
important contributors in reducing oxidative stress due to 
their antioxidant activity (Hebbar et 012020). Moreover its 

glycemic index is low and is in the range of 35 to 54 Gi/ 
serving and eating a low glycemic index diet reduces the 
risk of chronic diseases such as Type 2 diabetes . 

From the coconut sugar, products like Kalpa Bar a coco nut 
sugar based chocolate purely from plant based ingredients 
without milk is prepared . (Fi g. 8.). Kalpa Drinkin g 
Chocolate is an instantised blend of low GI coconut sugar , 
crafted from fine cocoa powder formulated to produce the 

delicious drinking chocolate. The product is soluble instantly 
in hot or cold milk releasing the chocolate aroma. Fresh 
Kalparasa based milk sweets are prepared in West Bengal 
(Hebbar et 012017) (Fig. 8). 

Fig. 8:Second lineof products from Kalparasa and coconut sugar 

CPCRI , Kasaragod has developed the complete product ion 
to consumption value chain from Kalparasa col lection to 
either it to be sold as health drink or to be processed into 
value added products vi z . , coconut su gar, jaggery, 
concentrate, syrup etc (Hebbar et 0120 I 8). Also developed 
on campus training module for a minimum period of two 
to three days for those entrepreneurs who wish to collec t 
Kalparasa and market it as juice or process into value added 
products. The technology has been commercialized to more 
than 55 entrepreneurs/ Coconut producer 

Companies in almost all the coconut grow ing states and 
two patents and a trade mark have been granted (Hebbar 
2021; Hebbar and Augustine 2021 ). The characterization 
of sap and its value added products for complete nutrient 
profile (Hebbar et 01.,2020) along with the documentation 
of technology know-how enabled the technolo gy buyer to 

form FPOs and facilitated to obtain FSSAI cert ification for 
their products . Few of the start ups in Pollach i, TN and 
few firms in Kamataka had produced coconut sugar and 
selling in malls and online markets like Amazon , FlipK311S, 
India mart etc. Institute could also establish linkage with 
Industries for the manufacture of cocosap chiller and for 



108 KB. Hebbar, Pand iselvam R, Shameena BeegumP.P , Ramesh SV, Manikantan M.R. and Mathew A.C. 

the produc tion of dark chocolate and dr inki ng ch ocolate 
us ing coc onut sugar. 

Tender Coconut Processing 

Tender nuts are predominantly utili zed as such as nut ritious 
be ver age s. The nutritional and the rapeuti c valu e o f tend er 
coc onut wa ter has re sulted in increased consumption and 
demand g lobally. Althoug h technologi es are ava ilab le for 
the processing o f tender co conut water into packaged so ft 
drinks, co ns um er p re fer en ce is for the natural taste of 
tender coconut. ICAR-CPCRl developed tender coconut 
punch a nd Cutte r in 20 12 (Patent: 233744) which is safe 
to pi erce the tender co conut and to cut open it aft er drinking 
the wa ter inside (Manika ntan et 01., 20 18) over the trad itional 
w ay of cutt ing usi ng lengthy kn ife (P andi se lvam et al ., 
2020a). ICAR-CP CRI in 202 1 has dev eloped an automat ic 
cutting machine that is working bas ed on the co ncept of 
convers ion of rotary motion to linear moti on whic h has 
fur ther simpli fie d th is process. Fur ther, tender co conuts 
are used in the produc tion ofdi fferent va lue added produc ts 
such as snowball, ch ips, and frozen coconut delica cy. Th ese 
ten der coconut bas ed p roduct s wa rrants ha rvest o f the 
nu ts at spe cific maturity sta ge. Howev er, no tools/g adge ts 
are co mmercially ava ilable to iden tify the m aturity of the 
tender coconut. 

Snow Ball Tender Coconut (SBTC) is a product deve lope d 
from te nder cocon ut h av ing 8-9 mon ths ma turity. It is 
noth ing but the soft white ball obtained after neatly removing 
the outer shell. The main uni t operation in the sno w ball 
tender nut m aking is to take a gro ove arou nd the shell on 
its m idd le (Ma nikantan et 01., 2018). Th en, the white kern el 
is scoope d out from the ten der nut w itho ut shell with the 
water inside intact. 

The bulky nature of tend er coconut can be reduced by 
tr imming out the hu sk to leave it as two-third of the origina l 
weight (Pa ndise lvam et 01. , 20 20a) without damaging the 
shell (Pa ndise iva m et 01., 202 0b) . A m inim um of 20-35% 
of the c ocon ut wei ght can be reduced by pe r formin g 
trimming opera tion (Pandiselvarn et 01., 20 19; Pandiselvarn 
et 01., 2021a). Th is not onl y ensure s con siderable reduction 
in the rati o of we ight/vo lume of the nut but a lso res u lts in 
an a ttractive look (di amond/pen tagonal shape) . 1CA R­
CPC RI has developed a linear ac tuva tor-based tr imm ing 
m achin e fo r tender coconuts (F ig . 9 ) . N everthele ss , 
bro wning and mold developm ent in the nut s fo llow ing the 
trimming process requires to be co ntroll ed with careful 
use of chem ica l so lutio n wi tho ut contami nating the kern el 
and the water (Pan diselv am et al ., 2020a) . An im age 
processing- based au to ma t ic te nder cocon ut trimm in g 

machin e is re quire d to be de veloped for la rge sc ale 
p rodu ct ion of trimm ed tend er coconuts . 

Fig.9:Trimming Machinefor the production ofminimally processed tender nuts 

Th e bottled tender coconut water has a great demand in 
wo rl dw ide . T he C O B a nd De fen ce Food Researc h 
La borato ry (DFRL) , Mys ore has dev eloped a technol ogy 
for processing and pac king of ten der coconut wa ter ei ther 
in pou ches and aluminum containers with a shel f life of 6 
months (ex te ndi ble upto 12 months under refri ger at ed 
co nd ition s) . The thermal tr ea tm ents app Iie d for the 
preserva tion of tender coconut wa ter has a negative impact 
on the quality and flavor profi le (Pa nd iselv am et 01. , 2021b) . 
In th is contex t, d iffe re n t non -th erm al foo d processi ng 
techno log ies such as ozone , cold pl asma, ultraviolet , high­
pressure processing, pulse d Iight, and ul trasound are being 
attempted to extend th e shelf life of tender coconut water 
(Pri thviraj et 01., 202 I ). However, the lim itat ion s of non ­
thermal technologies such as the hi gh init ial inv estment and 
non -avail ab ility of com merc ia l sca le equ ipmen ts res tric t 
their pra ctical util ity in industries. 

Processing of Matured Coconut 

De-huskin g is the firs t post harvest operat ion in any 
co conut proces s ing ind ustry. Tr ad ition all y co conut is 
de husked manua lly usi ng a spike . ' Keramitra ' , the coconut 
dehusking machine dev elop ed by KA U is a very popul ar 
device in the househo lds . Ho wever, it's ex tremely low out put 
is a maj or cons traint. A power-operated se mi automatic 
co co nut de -h uski ng mac hine has been des ign ed and 
fabr icated at ICAR-CP CRl (Deo et 01., 2020a).The machine 
has a ca paci ty to de- husk 200 coconuts per hour. 

Shell remover has two concentr ica lly ro tating m ulti poi nted 
circular blades and a stat ionary pointed blade on w hich 
coconut wo uld be placed firmly are the major co mponents 
of the shell removing m achine (D eo et 01., 202 0b) . Th e 
ma chine has a capacity to rem ove the shell of 150 coconuts 
per hour. Testa remover can re move tes ta of about 75 
cocon u ts per hour. Two gratings machines were 

,
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devel oped by ICAR- CPCRI to enh ance the grati ng 
effic ienc y. First one is of singl e user and the second one is 
of mul ti user ( four gra ting blades) typ e . Th e motorized 
coconut gra ting mach ines deve lo pe d scrap es o ff the 
deshell ed coconut flesh into fine gra ting s with the help of 
stainless steel blade. The single user ma chine has a capa city 
of 60 nuts/h and the multi user has a cap acity 240 nuts/h. 

P ul ver is e r is ve ry important fo r the product ion o f 
desiccated coconut po wd er and coconut milk. The coconut 
kernel pieces are fed into the hopper manually. Th e machine 
ha s a ca p ac ity of 2 50 nuts/h. Fo ur differe nt milk 
extractors are deve loped at IC AR-CP CRl to enhance the 
milk ex trac tion efficiency. Two are manu ally operated and 
two are hydro-pneu ma tic . Th e grated coconuts are kept in 
a per forated cylinder and by rotating the handle provided at 
the top of the screw the grating s are pre ssed. In the first 
ma chine the whole pressing process is done man ually by 
rotat ing the handle. In the second machine an additiona l 
hyd raul ic jack is prov ided at the bottom (Manikantan et 

al ., 2018) . Two hyd ro pneumatic coconut milk ex trac tors 
of different capacities were also dev eloped to enhan ce the 
extr act ion effi c ienc y of coconu t m ilk. The op erat ion of 
both the m achin es is co m p le te ly a u to ma te d usin g a 
programmabl e logi cal contro ller. They are use ful for large 
sca le ex traction of coconut mil k in coconut mil k processing 
indust ries and virg in coconut oil production centres. The 
smal ler machine cou ld handle 250 nuts/h where as the bigger 
mach ine ca n handle 500 nuts/h . Two sc rew typ e coconut 
mil k ex pe llers, si ng le and dou ble screw, w ith different 
capacities have been deve lop ed to ex tract co conut milk. 
The screw type expe llers have the max imum ext rac tion 
efficiency among different types of coconut mil k extractors. 
The single sc rew expeller has a capac ity of 300 coconuts 
pe r hour and the doubl e sc re w has capac ity of 1000 
coconuts per hour (M ani kantan et al. , 2015 ). Various post­
harvest machi neries for the pr ocessing of coconut have 
been developed (F ig. 11) 

Value Added Products from Coconut kernel 

Wet coconut kernel is generally utilized in households either 
in the grated form and as a m ilk or cream obta ined by 
squeezing the gratings with or w ithou t the addition of water. 
To increase the she lfli fe of matured kernels to 4 -6 months , 
sma ll pi eces o f the kern e ls a re preser ved in hot syrup 
exhaus ted at 80°C, sealed and processed. Alternative ly the 
kernels are preserv ed in a 50°C Brix syrup with 0.01 % 
sodi um metab isu lphite as a preservative . Tender nuts are 
preserved in jelly-l ike cons is tency using refined sugar, 
packed and sea le d in ca ns . Ear lie r, th e prese rvation 
methodology uti lized a mixture ofbuty lated hydroxy ani sole 
(0 . 1%) and pro p io n ic acid (1000 ppm) coup le d with 

m o di f ied atom os ph ere pac k ag e sys te m, o r vacu u m 
pac kaging. Even freeze-dry ing of coconu t slices preser ve s 
the inherent flavor but cost of production esca lates . 

Matured coconut is mainly used for oil extraction and virgin 
coc onut oil (V CO)-produced from freshly grated coconut 
endosperm mil k- is a premium value added product w ith 
imm ense nutritional potenti al. A number o fVCO production 
processe s bein g followed in I nd ia and el sewhere cause 
va ria tion s in the physicochemica l properties, whi ch in turn 
poten tially affect the nutritional and medicinal properties of 
YC O. lCAR-CPCRI has stand ardi zed the protocol and 
commercia lized the tec hn ique to producing vi rg in coconut 
o il by hot and fer mentation p roc essi ng methods (F ig. l 0). 
Two ty pes ofYCO cookers (differing in their fue l sources­
LPGlb iogas or agricultural waste) were developed at CPCR I 
to ex trac t the VCO by hot processing (M athew et al., 201 4). 
YCO cooker devel oped by the ICAR-CP CRl cons ists of a 
double jacketed vessel filled wi th thermic flu id of capacity 
o f 125 litre . Ho wever, a VCO coo ker of any ca paci ty can 
be fabri cated by sca ling up the des ign (Mathew et al., 
2014). Altern atively mic robial ferme nta tion process is also 
fo llowed to recover oil from the skim milk and fer men ted 
curd. Sc rew press ing or hydraul ic pressin g of pulveri zed 
meat is als o fo llowed to ex trac t VCO (Ma rina et al. 2009). 
Th e technologies developed for wet processing to recover 
oil are a) Krauss Maffei process deve loped in Ge rm any 
utilizes ce ntrifugat ion process to separate cre am and wa ter 
ph ases fo llowed by processin g of cream into o il wi th a 
recovery of about 89%. Fur th er im provement in thi s 
p roces s by CF TRI ha d led to enha ncement in the oil 
recov ery to 93 % . Al so the water phase or coconut honey 
is utilized for the prepara tion of processed foods such as 
in fa nt pro te in foo d a nd cereal flakes (N II R Board o f 
Consu ltan ts a nd Engineers 2012) . T he physi cal and 
biochemical propert ies ofVCO from the ho t process (YCO-

Hot), ferm entation (YCO-Fer) , expelled fro m dried gratings 
(YCO-EDG), centrifugation (YCO-Ce n), and conventionally 
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prepared copra coconut oil (CCO) and the required quality 
standard s were documented (Ramesh et al. 2020). 

Fig. 10: Virgin coconut oil (VCO) developed by ICAR-CPCRI 

Edible coconut flour 

Coconut meat gratings, when partially defatted, forms an 
exce lle nt so urce of nutriti ous ingred ient for use in 
household, bakery or confectionary preparations. Relatively 
low fat content along with high proportion of protein , 
mine rals and sugars , and as a rich source of dietary fibre, 
the p ro duct has apprec iable acceptance amo ng the 
consumers. CFTRI, Mysore , and National Institute for 
Inter discip linary Science and Technology (NIIST-CSIR), 
Tri vandrum , In d ia has develop ed a process for the 
manufacture of edible flour. Cocon ut flour has relatively 
low digestible carbohydrate and high fibre contents (Banzon 
et al. 1990) and hence at least 5% of wheat flour and non­
fat dry milk powder in school nutrition programmes without 
compromising the baking qualities and food value 
(Balakrishnamurthi 1979) . Oth er value added products 
developed are nutribars, porridge, traditional sweets (laddoo, 
halwa), noodles, extruda tes, pasta, muffin cakes and ready­
to-eat food items such as coconut pick le and coconut 
chutney powder at fCAR- CP CR I and ot her national 
research organizations. 

Desiccated coconut powder (DC?) 

It is white kerne l of coconut of particle size less than 5 
mrn, proces sed to retain moisture content « 3%) following 
comm inution and desiccat ion. OCP has demand allover 
the world as an important ingredient for fillings in various 
confectionary prod ucts such as cho colates, candies etc 
and in related food industries. Besides Sri Lanka, East Asian 
countries such as The Phi lippines, Malaysia, Indonesia, and 
others such as Fiji, Tonga, Cote d'Ivo ire, Brazil and India 
are producers of DCP. The majo r consumers are North 
America, Western Europe and Middle East. 

Coconut chips (also a patented technology of the CPCRI) 
are a ready-to-eat, snowy white crisp and healthy non fried 
snack prepare d from 8 to 9 month old fresh kernel through 
osmot ic dehydrat ion in a forced hot air electrical dryer at 
70-80°C for 5-6 h to less than 3% moisture content. The 
kerne ls undergo paring, blanching, slicing and osmo tic 
dehydration to prepare ready to eat chips. Kerne ls are sliced 
using a slicing machine. 

Extrudate-ba sed produ ct s : Co -prod ucts of coconut 
processing industries such as coconu t milk residue (CMR), 
virgin coconut oil cake, deoiled copra are obta ined from 
YCO, coconut milk powder, coconut milk yogurt and 
flavored coconut milk based processing industries. Besides, 
rich source of dietary fiber and polyphenols , they are 

presently either underutilized as animal feed or thrown as 
waste (Manikantan et al ., 20 15). It was observed that 25% 
corn flour, 15% CMR flour, 220 rpm screw speed and 140 
°C te mperatur e gave an optim ized product of 0.956 
de sirabi li ty (Pandisel varn e t al., 2018). Coconut 
haustor ium-based extr udates i.e., incorporation of 20% 
coconut haustorium in rice (50%) and maize (30%) based 
ex truda tes res ulted in healthy and nutritious products 
(Ariva lagan et al ., 20 I8). 

Coconut-milk based products 

Coconut milk from the kerne l is processed to obtain milk 
concentrate, coconut cream and milk powder. In addition 
to its use in household culinary preparat ions, cocon ut milk 
is an excellent and nutritious subst itute for dairy cream, 
preparation of white cheese, and yoghurt s. Furthe r, coconut 
milk is preserved either as a dehydrated whole milk, canned 
milk or cream in many countries including Philippines , 
Thailand, Indon esia, Western Samoa, Sri Lanka and 
Malaysia. The proc essing techno logy for preservation of 
coconut milk in Indi a involves Pasteurisat ion at 75 "C to 
80°C for 10 min, addition of prese rvatives such as nisin, 
sodium metabisu lfite along with the stabilize rs such as 
ca r box y me thy l cellulose (C MC) and guar gum 
(Arumugharn et al . 1993). The coconut cream serves as a 
fat source of skimmed dairy milk and infant milk powders . 

Bottled coconu t milk after treatment with O.I% benzoic 
acid, and thermal treatment (I 17 °C for 3 min.) followed 
by cooling is a substitute for cow 's milk wide ly used in 
many countries , Coconu t milk is also marke ted in the form 
of dry powde r following dehydration ut ilizing spray dry 
process along with the addition of maltode xtrin or casein 
(Mural idharan and Jayashree 20 I I) . Alternatively, coconut 
syrup is produced using the homo genized coconut milk 
with the addition of sugar and citric acid (0.05%) or sodium 
phosph ate (0.25%) in a steam cook ing process to attain 
TSS of - 65% . Th is syrup is used in confectionary 
preparations or consumed as an instant drink when mixed 
with water or as bread spread (Sangamithra et al. 2013). 
Coconu t honey could be produced by steam boiling the 
coconut mil k mixed with 90% of suga rs (60% of brown 
sugar and 30% of glucose) to achieve a thick consistency, 
golden brown colour product with nutty flavo r that serves 
as an excellent base for soft drin.k preparation (Muralidharan 
and Jayashr ee, 20 I I) . Coconut chee se is a nutr itio us 
product, which can be produced at house hold level units, 
by heating the skimmed mi lk with vinegar to coagulate the 
proteins followed by mixing with cream and kneadi ng with 
sa lt (Ghosh 2015). 

Coconut skim milk is a protein-rich soluble component of 
cocon ut milk obtained by separating the cream using a 
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separator dev ised by Texas A&M University , US. It serves 
as an importan t ingredien t o f various pr oducts name ly 
sp ray -dr ied powder, coco nu t hon e y, coco nu t j am , 
ferme nte d beverage concentrate, sweetened condensed m ilk 
and as a source of casein. 

Frozen coconut delicacy: In view of increased demand 
for non-dairy prod ucts from ever increasing str ict vegetarian 
and lac tose intolerant population, IC AR -C PCRJ has come 
out with a coconut based "Frozen Coconut Delicacy", whi ch 
is composed of cocon ut mil k, coconut sugar/refined sugar, 
tender coc onut water and pulp (Beegum et 01 .,2021). It is 
a premium product which is complete ly natural and hea lthy. 
It is enri ched wi th vita mins, minera ls and healthy fatty acids. 
Due to lauric ac id rich coconut milk and potassium rich 
te nd er coco n ut w ate r, thi s w ill be a funct iona l a nd 
nut raceutical foo d. 

Products from mature coconut water 

Coconut water fro m ma tur e nut s is con sidered a w aste 
produce in copra or de siccated coconut powder indus tr ies . 
Coconut water concentrate (CWC) is co ncentra ted by 
adopting reverse osmosis technique and utili zed by the end 
user industr ies su c h as food and be verage, hospitals, 
ferment ation indu stri es and researc h laboratories rec eive 
the product. F resh coconut wa ter, afte r the remova l of 
solids and oil, could als o be froz en or con centrated an d 
canned as frozen coconut water for furth er use in th e 
produc tion of ca rbonated or non-carbon ated beverages . 
A not her product is coconut vinegar w hic h e njoy s 
preference as a pr eservat ive in pickli ng industry and as a 
flavour ing age nt for foodstu ffs . Coconut honey is 
pro duc ed by evaporating the wa ter fo llowed by ad diti on of 
go lde n syrup to form a nutty-fl avou red sweetener that co uld 

Fig. 11: Post-harvestmach ineries for 
processingofcoconutand production of 
valueadded products 
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be an additive to breakfast food, and a soft drinks additive . 
Nata de coco is ano the r flavoured delicacy in foo d industry 
and Phi lippines is one of the largest producers of nata de 
coco . 

ARECANUT PROCESSING, VALUE 
ADDITION AND PRODUCT 
DIVERSIFICATION 
In India, are canut is marketed as unhusked , whole fruit , 
dehusked and dried nut, boi led and dried whole kemel or 
their cuts . Ne arly 20% of total areca production in the 
cou ntry is consumed as ripe fruit and the rest in the form 
of whole nu t and processed forms (Chowdappa et 01 ., 
2020). Market of semi ripe, fully ripe or fermented areca nut 
has enjoyed considerable val ue in Assam, Kera la and Wes t 
Bengal. In Kera la, about 25% of the produce is marketed 
after harvest e ither at semi-ripe or fu lly ripe or fermented 
arecanut. About 70% of the production is converted int o 
processed arecanut. In Assam 90 % of the crop is consumed 
locally in the form of semi ripe, fu lly ripe or ferme nted 
arecanut (Mula et 01., 20 15) . The remai ning 10% of the 
production are converted into processed arecanut. Bulk of 
the pr od uction in Ma harashtra is in the form of ripe nut. In 
Go a, it is harvested only when they are ripened. About 
92% of th e production is converted int o Chali and the 
remain ing co nsumed as fres h nut or preserved in water for 
use in the off-season (Bhat et 01., 20 17) . 

Arecanut deh usking is a labour intensive process as the nuts 
are to be cut into longitudinal sections or choor and transverse 
sec tions ca lled kottai depending upo n their maturi ty stages. 
However, rota ry drum type mechanica l de huskers are 
ava ilable wh ich has a capacity of30kg/h (Ki ran et 01.,2014) . 
A semi-mechanical dehusker developed by Gandhi Krishi 
Vigyan Kendra (GKVK), Ba ngalore has the capacity of 160 
kg pe r day reducing the drudgery to great exten t. Similarly 
some of the local inventions of semi mechan ized peeling 
machines have greatly assisted in red ucing the drudgery 
involved in manual processing of arecanuts . 

The boi led arecanuts are currently dr ied in open sun drying 
process for 8-10 days. Thoug h me tall ic fabricated trays 
are used for drying the nuts, artificial dryers are also utilized 
when adequate sun light is not available. To expedite the 
process of dry ing , a solar-cum -biomass dryer wa s designed 
by Tami l Nadu Agricultural University which could reduce 
the moisture content of the nut s from 40 % to 11% in 15 
hours bes ides maintaining the qua lity parameters of the 
a recanut when compared to open sun drying process . 
Sim ilarly, ICAR- CPCRI has developed solar and agricultural 
waste fired dryers capabl e of processing 50 Kg/batch and 
150 kg/batch are canuts, respec tively. 

The entire process ing of raw arecanut deshuking, cuttin g, 
boil ing and dry ing could be performed in a re liable and safe 
manner by adopting a recen tly developed Automatic 
Arecanut Pro ce ssing Unit deve loped by Kum ar et 01., 
(2019). 

G ra ding 

P rocessed arecanut is sorted into different quality grades 
at the farm level before marketi ng. For example , farmers 
br inging nuts to Sh imoga regu lated market, grade the 
processed nuts in to three types, namely 'Hasa, ' Bel le' 

and "Gorabolu". The farmers producing Chal i also 
undertake the grad ing at the farm level. For ex ample, the 
farm ers in the coastal districts cl assify Chali into' Old 
Supan", 'N(;1,v Supari' and so on . These grade specifications 
and desi gnations are based on several qua lity attri butes to 
meet the marke t demand to p repare value added end 
products in im portan t centers spread across India (Fig. 12 
and Fig. 13). 

2, Mati 3. Sevardhan 4, Jam 5. Jeeni 6. Lindi 'l.Mora 

Fig. 12. Commercialgrades of arecanutchali 

4 . Kernpu Ide 

7. Saruku 

10 Beri choor 9 Nn ii choor 

.., Ide 3 N aya s Ide 

5 Api chikini 

l .Ap i 

3. Benmuri 

6. Kempu minni 

Fig.13: Some ofthe grades ofprocessed arecanut 

Mois ture conte nt and water activity (a) for safe 
stor ag e 

Appropriate moisture content for safe storage of arecanut 
is imperative hence a stu dy conducted in lCAR-CPCRJ 
sourced arecanut samples from di ffe rent places during dry 
and rainy seasons, processed (red) and chali and their sub­
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types. It revealed that the arecanut samples showed mean 
water activity a" of < 0.71 (corresponding moisture content 
of <11.3%) which is safe and unl ikely to cause nut 
deterioration during storage, that includes discoloration, 
musty odors, dry matt er loss , tissu e di sintegration, 
nutritional and proce ssing quality losses, and mycotoxin 
accumulation, due to funga l contaminat ion. Hence, the 
arecanut growers, processi ng industries, quali ty standard 
organization like FSSAI must ensure a" of <0.71 for dried 
arecanut samples for its safe storage as well as safe for 
mastication (Hebbar et al., 202l). 

As masticatory 

The practice of chewing betel leaves afte r mea ls was 
ment ioned in the Charaka and Sushruta Samhitas and 
Kashyapa Bhojanakalpa (75 AD to 300 CE) (Prakash, 1961). 
During c.730 to 1200 CE, chewing betel leaves with some 
spices after meals was a common custom. In 1654 CE, 
Niccolao Manucci referred to the habit of betel chewing 
and the use of paan by roya ls. Basavaraja , the King of 
Keladi, enumerated various locations for the best betel leaves 
and areca nuts in his treatise, Shivatathva ratnak ara in c. 
1700 CE (Desai, 1980). 

Arecanut is either consumed alone or as a betel quid wherein 
betel leaf, slaked lime and others such as tobacco, catechu, 
spices and sweetness are included (Mathew et al., 20 14). 
In general a betel quid contains betel leaf, arecanut and 
slaked lime and may contain others like cardamom , saffron, 
clo ve, ani seed, turm er ic, mustard or sweeteners. The 
different modes of consump tio n of arecanut are: (a) 
arecanut alone, (b) arecanut with betel leaf and any other 
ingredients except tobacco, and (c) arecanut with betel 
leaf and any other ingred ients including tobacco. A variety 
of processed and packaged areca nut products are available 
such as (a) pakku or supari - processed, flavoured and 
packaged arecanut, (b) pan masala - a prepa ratio n of 
arecanut, catechu, cardamom, lime and variety of perfuming 
and flavouring materials, (c) gutka - it is a variant of pan 
masala , which in addition to these ingredients contain 
flavoured chewing tobacco. Pan tnasala and gutklia are 
often swee te ne d (A no nymous , 2004) . The ri se of 
commercial pan masala and gutka about three decades ago 
caused an exponential growth in the sales of smokeless 
tobacco along with arecanu t products besides developing 
export-oriented markets (Sushma and Sharang, 2005). It 
could be attributed to the portable, conven ient and cheap 
packaging which further increased the shelf life of these 
products (Mathew et al. , 2014). 

Medicinal and pharmaceutical uses 

Arecanut has greater importance in the ancient system of 
medicines such as Ayurveda, Unani and Homeopathy. The 

seeds of arecanut have been widely used in clinical practices 
in China and other south and Southeas t Asian countries. 
Since time immemor ial, arecanut is being used for chewing 
as it is believed to have lots of medicinal properties. The 
potential and proven pharmacological uses of arecanut, 
applications in traditional medicine, are reviewed by Peng 
et al., (2015). WHO has enumerated multiple benefi cial 
effects of consump tion of areca nut. Chewing areca nut 
sweetens the breath, removes bad taste from the mouth, 
streng thens the gums and checks perspiration. It has poten t 
antioxidant, anti -inflammatory and analgesic, ant iulcer, 
hypolipidemic, antidiabetic and neuroprotective properties. 
It is also traditionally used in a number of ailments for its 
laxative, digestive, carminative, antiulser, antidiarrhoea l, 
ant helmintic, an tima larial, anti hypert ension, diureti c, 
proheal ing, antibac ter ial, hypoglycaerni c, antiheartburn 
propert ies (Ariva lagan et 01. , 2020; Amudhan et al . 20 I2). 

Biochemical composition 

Arecanut is characterized with diverse biochemicals namely 
nitroge nous compounds, vitamins, minerals, phenolics 
[inc lud ing si mp le phe no lics, condensed tanni ns, 
hydrolyzable tannins, no tannin flavan s (e.g ., catechin, 
epicatechin)], flavonoids, triterpenes, fatty acids (Peng et 
al.. 20 IS) and alka loids such as arecoline, areca idine, 
guvaco li ne , an d guvac ine , arec atemi ne A to C of 
pharmacological importance (Tang et al., 2017). Alkaloids 
are characteristic components of A. catechu, and areco line, 
with a conten t of 0.3-0.6%, is the main a lkaloid. The 
predominant alkaloids are of the pyridine type and include 
arecoline, arecaidine, guavacoline, guavacine , areco lidine, 
ethy1N-rnethy1-1 ,2,5,6-tetrahy- dro-pyridine- 3-carboxylate, 
methylni cotinat e , ethy lnicotinate, methyl N ­
methylpiperidi ne-3-carboxylate, ethyIN-methylpiperidine­
3-carboxylate, nicotine isoguvacine ), and homoarecoline . 
Tannins are another characteristic component of A. catechu, 
and the mai n types are condensed tannins (also call ed 
proa nt hocya ni di ns) . Tan nins a re one o f the ma in 
constituents that contribute to the perception of the taste 
of food (astringency and bittemess perception). Further 
many triterpenes and steroids have been reported. 

The biochemical composition ofmarketed arecanut depends 
on the maturity of the nut since processe d areca nut are 
made from both gree n and ripe nuts. Tender areca nut 
comprise around 30-37% of tannins , hence the tannins 
obtained as a byproductrShivasankar and Govin darajan, 
1963). It has multiple utilities such as in drying leather, 
clothes, and rope, in the preparation of black writing ink, 
as an adhesive used in manufacture of plywood, and as 
food colourant (Swain et al., 20 16). The arecan ut lipid 
obtained from the nut (-10-12%) could be blend with cocoa, 
following the refining process, to develop confectionary 
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products. Al so , it can form a reasonab le substitute for 
hydrogenated fat of plant ori gin used in the preparation of 
sweets. The furfural and xy los e obtained from the arecanut 
husk fibre is re latively a good source for multiple industrial 
applications. Th e mineral matter contains calcium (0.05% ) 
phosphorus (0 . 13%) and iron ( 1.5 mg/ 100 g). Arecoline 
has been a prov en mu scarinic cholinergic receptor agonist 
and he nce it improves the conditions of Alzheimer presenile 
dementia. The development ofareco line-loaded transdermal 
patch with potential pharmacolog ical effect suggests the 
untapped potential of arecanut (Wu et 01., 2014) 

E ffect on human health 

There are numerous reports to show that arecanut chewing 
might cause cance r. Howe ver, in a recent Interactive 
Workshop entitled ' Arecanut and Human Health ' conducted 
a t IC A R -C PC RI involving large number of medical 
pract itioners were of the opinion that reports on the effects 
o f a reca nu t cons umption on human health a re only 
ob serva t ional and not based on any sys tema tic scien tific 
st udies (Chowdappa et al., 20 18). The ad verse e ffects 
reported in association with arecanu t chewing might be 
due to se ver al other factors such as sm all sample size, the 
role o f other ing redients used in the preparat ion of betel 
quid, the quality of arecanuts (including contaminations 
and adulterations) used for making differen t prepa rations 
of chewing products, etc . Further, a survey conducted by 
ICAR-CPCRI during 2020 in traditional arecanut chewing 
belts of Karnataka and Kerala , further rev eal ed that there 
was no sign ificant difference in health of chewers and non 
chewers (Jose et al ., 2020). 

In addition , studies have showed that at low er concentrat ion 
( 1.5 to 5 g/ kg body wei ght ) arecanut found to arre st the 
growth and multiplicat ion of sev eral hum an cance r cell s 
such as MCP-7 breast cancer cell s, SG C- 790 1 gas tri c 
cancer cells and SMMC-77 21 liver ca ncer cell s (Anajwala 
et 01.,2010; Xi ng et 01., 2010). Cer tain stud ies carried out 
on both normal as well as immune suppres sed laboratory 
mice for two years confinned that the extracts of arecanut 
and betel quid wit hout tobacco we re not carc inogen ic (Garg 
er al ., 2014) . It wa s a lso reported tha t th e bete l q u id 
ing redients from severa l Asian countries a lso did no t induce 
any carcinogen ic activ ity (Dunham and He rrold, 1962). In 
anothe r study, co nsuming ar ecoline, the main alka lo id 
pri ncip le of arecanut, at a do se o f 100mg/kg body weigh t 
per day was reported to be safe to Wistar alb ino ra t (Wei et 
01., 2015). 

Th e antioxidant activity of arecanut might play active role 
in repa iring DNA damage in cancer cells . The methanol 
extract of eigh t month old arecan ut husk showed a dos e 
dependent inhibition of comet formation (Phaecham ud et 

01., 2009). In a recent st udy at the Winship Cancer Institute 
of Emory University, Atlanta , USA, the arecoline 
hydrobrom ide found to arrest the growth of ca ncer cells . 
It was reported that the are coli ne hydrobromide inhibited 
the activ it y of th e enzym e ACAT1 (ac et y l -C OA 
acetyl tran sfe rase) whi ch lead to attenuation of cancer cell 
proliferation and tumor grow th in mi ce (Fan et al., 2016). 

All these reports confirm that arecanu t in its pure form and 
at right dose is not dange rous but has got a plethora of 
medicinal properti es including curin g ulcers, wounds and 
even cancer. Mo st of its folk lore medicinal prop erti es are 
now valid ated by scientific evidences but st ill others need 
to be validated . Deta iled studies on the nature of ac tive 
principle(s) responsible for all these propert ies and clin ical 
tria ls on them are wa rranted to utilize such plant products 
effecti vely and profitably as these palms are avail able in 
plen ty in mo st of the South and Southeast Asian Countr ies . 

Agri-b us iness oppurtun iti es 

Several value-added technologies are availabl e for arecanut 
by-product u t il izat ion such a s making eco- fr iend ly 
disposable plates and bowls from areca lea f shea th, lea f 
sheath fodd er, oys ter mu shroom production from leaf and 
bunc h wastes (F ig. 14) and verm icompos ting . But only 
very few commercial (small-scale) ven tures are ope rating 
at presen t. About 3.5 billion arecanut lea ves and leaf she ath s 
are produced every year and have the po te ntial to facilitate 
produ ction of 0.3 billion kg of mushroom and Rs .7 bill ion 
worth are ca leafsheath pla tes and bowls (Pa til et a!., 20 19). 
An alysis of carboxy methylcellulose coa ted arecanut leaf 
sheath cou ld be ut ilized as a su itable transparent packa gin g 
ma ter ia l (Disanayake et 01., 2021). Verm icomposting of 
arecanut lea f wastes per hecta re can generate a net income 
ofRs. 20,000 and this can be taken up as a microenterprise , 
instead of the pre vai ling unscientific dumping of wastes in 
the plant ations . 

~ 
J. 

Fig.14: Utilization ofleaf sheathforproduction ofdisposable platesand 
mushroom 

Bio-softened arecanut husk fib res can be exp lo ited 
commercially for the production of furn ish ing fab rics , 
texti les e tc. by blending wit h cotton, viscose and polyester 
(Rajan et 01.,2005). It is a lso uti lized in the preparation of 
rei n forc ing material hav ing potenti al app lica t ions in 
co nst ru c t io n, automobile a n d aerospace indus trie s 
(Muralidhar et 01 ., 2019 ). Bu t, e fforts of developing 
commercially-viable technologie s for p roducts lik e tooth 

,
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brush, paper boards , plyboards, hardboard s and plastics 
from arecanut husk mixed with conven tional raw materials 
has to be taken up in collaboration with industrial R&D 
institutions. From a long term perspective, the fact remains 
that, in spite of ear ly leads, not much progress has so far 
bee n made in taking them forw ard in to devel oping 
cornrn ere ia1]y-viabIe produc ts/proce sse s/bu siness 
enterprises, which can change the dest iny of this crop . 
Unfortunately, the only small consolation is the development 
of few smal l-scale industrial units making plates and cups 
from arecanut leaf. 

COCOA PROCESSING 
Cocoa or cacao is popu larly know n as 'food of god'. The 
cocoa beans , the econom ic part of cocoa are derived from 
the mature cocoa pods and processed to ge t the end 
products such as chocolate, cocoa butter and cocoa powder. 
Cocoa butter is also used in moisturizing creams and soaps 
while cocoa powder is often used as choco late flavourin g. 
Cocoa is considered as a function al food because of its 
richness in terms of flavonoids, polyphe nols and antioxidant 
properties. 

Post harvest quality of beans 

The pre-harve st fac tors including genotypes, grow ing 
cond it ions or ag ro tec hniques, seaso ns, pollinati on , 
fertiliza tion, pre and post harvest handling etc. influence 
the bean quality such as bean size, flavor etc. Bean size 
with respect to bean indices , moisture content, shelling 
percen tage, nib or kernel recovery and fat contents add 
value to the marketable bean. Elite clones and hybrids are 
de ve loped with rich be an qualiti es. Clo nes rich in 
polyp henols, procya nidins, fat, antioxidant properties etc. 
have been identified. Fatty acid profi les obtai ned from 
clones and hybrids are high in stearic acid. In the recent 
years, flavour improvement has been given importance in 
order to develop specialty chocolates with a blend of Criollo 
and Forastero beans. Bean size is highly varying with 
genotypes, changes in climate and processing which are to 
be taken care of in order to maintain the quality of the 
cocoa beans . 

H arvesting 

Traditionally, fanners harvest cocoa using wooden mallet 
or poles and sickles. During ]980s, CPCRI, regional station 
Vittal has developed a cocoa harvesting tool to harvest the 
pods even from more than 2 m height (Fig.15). It eliminated 
the use of a ladder for climbing the tree and also perform s 
the function of a sickle or knife used for harvesting pods 
which are at the lower branches and main stem (CPCRl, 
1980). 

(a) (b) 

Fig. 15. Cocoa harvesting using a)cocoa harvester b)sickle (Source:
 
Apsharaand Hubballi,20 13)
 

Primary processing: Fermentation and drying 

Fermentation 

Fermentation and drying ofbeans are the primary processi ng 
operat ions which require utmost care. Fermentation, drying 
and roastin g are critical steps influencing the characteristic 
chocolate flavour. Desp ite the large scale cocoa plan tations 
in the coun try, the process of ferme ntat ion suffers from 
many drawbacks. Even today, majority of the cocoa farmers 
sell the we t beans to the collection centers estab lished by 
manufacturing fir ms. From 1980s onwards, CAMPCO has 
been procuring fruits/ pods instead of wet beans. 

Mechanization in fermentation 

The prim ary and secondary process ing faci lities were 
created at KAU during 1995 under the KAU- Cooperative 
Cocoa Research Project (CCRP) (Peter, 2002). Attempts 
were made in India to develop small scale methods of 
fermentation such as mini box, mini basket, tray and heap 
methods using bean lots substanti ally smaller than those 
requ ired for the sta nda rd methods. Late r, sma ll scale 
ferme ntation methods were standardize d by KAU. The 
efficacy of some of the methods was also studied based 
on the pH of the beans and cut test (Kumaran et 01., 1981; 
Premalatha, 1983). For large scale fermentation, fanners 
follow heap , tray and box methods. Similar kind of sma ll 
scale fermentation is practiced in ICAR -CPCRI, VillaI. The 
effect of fermen tation methods on the quality of different 
access ions were also studie d at Vitta l (Arn udhan and 
Aps hara, 20 15). The studies on the bioch emical changes 
occurr ing duri ng fer mentatio n was w ell exp lored in 
international publications and in India. Of late in 2020, 
KCAET, Tavannur under KAU has developed a cocoa bean 
ferme ntor (Sr ika nth et 01., 2019) which needs to be 
pop ularized among the farm ing community (Fig .16) . 
Generally fermentation completes within 5-7 days depending 
on seaso n. 
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Fig, 16:Cocoa bean fermentordeveloped at KAU 

Drying 

Th e beans afte r fe rmentation are genera lly dr ied under sun 
wh ich is the sim ples t and mo st popular method fo llowed in 
most of the cocoa producing co untries . In Indi a, beans are 
dr ied on raised ground or on con crete floor and exposed to 
sun for about 4-1 2 days depending on the climatic condition. 
CPC RJ has de velop ed a sma ll sca le elec trica l drier of 40 
kg bea n ca pacity mainly to dry the bean dur ing mo nsoon 
season wh ich is the main harvest sea son for coc oa (C PCRJ, 
1980). Of late, cross flow elec trica l dryer is co mmercially 
av ailable for dry ing of cocoa beans. Temperature in the 
dri er is mainta ined at 70°C as qu ick dry ing result s in 
increased acidi ty in beans. The moistu re conten t of we ll 
dri ed beans is ar ound 6-7% . Interr upted drying wit h sho rt 
pe riod of drying followed by longer resting per iod show ed 
bett er migration of moisture to the surface du ring the rest 
peri od which resu lted in good quality as mentioned by Asopa 
and Na rayan, (19 90) . 

F ollow ing dryi ng , t he bea ns are sorted m anuall y or 
me chan icall y to remove flat , slate, sh riveled, broken and 
clumped beans and other ex traneo us ma ter ials and pac kaged 
in pol ythene lined ( ISO - 200 gau ge) gunny bags or j ute 
ba gs. The Intern at iona l Standard recomme nd s that the 
sa m ples sho uld amo unt to not less than 300 beans for every 
tonn e of cocoa. For bagged cocoa, samples should be taken 
from not le ss than 30% of the bags, an d for bu lk coc oa 
there should be not less than 5 sa mplings per tonne. Bean 
co unts are ano th er mea sure of qua lity tha t produc ing 
cou ntr ies often use , though there is no in ternationally 
accepted bean s ize class ifica tion (Fig.17) . 

2to3days 3to4 days 4 to5 days > 6days
 

Fig. 17:Appearance ofbeanduring fermentationprocess
 

Secondary processing 

Seconda ry processi ng invo lves the convers ion of dried 
beans to chocolates and ot her pro du cts. The steps involved 

in sec ondary process ing are c leaning, roasting, kibbling/ 
bean b reaking, winnow ing and grindi ng . Secondary 
processing is mainly done in big factories of Cadbury or 
CA MPCO . A sm a ll sc ale coco a b utt er extractor was 
des ign ed in India by way back in 1982 (Ganesan, 1982). 
Cocoa butter rec overy is ranges from 50 -58% (Peter, 2003 ) 
and fat con tent in the left over cak e is ranges from 11­
25 % . 

Bean to bar chocolate: Co coa is an understory crop of 
coconut. A small fann er who grows both coc onut and cocoa 
can pre pare the chocolate us ing the we ll fermen ted, dried 
co coa bean s and coconut sugar wi th or without co coa 
butter as a cottage ind ustry an d refered to as 'Bean to 
bar ' choco late a nd thus d irectl y benefi ts the farming 
com mu nity (Fig. I9). Lately, chocolate production wit h palm 
sugar has emerged as a healthy alternative and acco rds 
multiple hea lth benefits due to low glycemic index (Gl) of 
natural su gars. Dark c hocola te wi th co co nu t sug ar 
production protocol was op timized at ICAR- CP CR I. Due 
to higher proport ion of cocoa and presence of natural sugar, 
bea n to bar chocolates have hi gh polyphenols, fl avonoids, 
antiox ida nts and min era ls. 

Fig. 19:Beantobite dark chocolate 

Ho me level chocolate processing studies undert aken by the 
Ke rala Ag ricultura l Universi ty opened up way to util ize 
cocoa in the homestead s, ensuring wo me n empower me nt, 
improve inc om e from uni t are a of land and make available 
fa rm fres h and natura l c hoco lates at comparativ ely 
affordable prices (Suma and M inimo l, 20 18) . 

By-products utilization 

Cocoa pod husk constitu tes 70 -80% of the pod weight 
which is genera lly disc arded aft er co llection of beans. Pod 
husk is util ized for pulp and paper production (Da ud et al., 
2013) . Mucilage is utili zed for mak ing frui t wine . Cocoa 
sweating is also used for ma king alcohol and v inegar. Cocoa 
shell is ano ther by -prod uct of cocoa (12-25% recovery 
from beans) . Bo th cocoa shell an d cocoa husk contain 

,
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phytochemical compounds which are potential to inhibit 
the growt h of pathogenic bacteria in fo od prod ucts 
(Ka yaputri et 01., 2020). Cocoa butter ext rac ted from 
discarded cocoa beans, with little or no commercial value, 
can be used in the production of toilet soap and body 
pomade. 

CONCLUSION 
Though mechanization could reduce drudgery involved in 
all unit opera tions in coconut processing involvement of 
human labour could not be avoided. This human intervention 
in each processing operations make the production line rather 
slow and costly. Automation of these unit operations from 
de husking to the final product would be the future strategy 
for coconut industry and research institutions. In arecanut 
the effects of arecanut on human health are found to depend 
on the dose of arecanut and mode of administration. At a 
normal or lower dose either areca nut extract or the arecoline 
is found to be safe. The off-target effects of areca nut and 
other chewing products containing areca nut might be due 
to their high doses or application in unusual manner like 
injection, direct exposure to cultured cells or due to several 
other factors such as contaminations and adulteration, the 
effect of other ingredients of betel quid or pan masala and 
the food habits of individuals etc. Hence, the future research 
objectives shall explore the metabolic profile of arecanut in 
order to identify novel biomolecules offering immense health 
benefits. A non -therma l based commercially viab le 
technologies need to be optimized for the shelfli fe extension 
of coconut beverages. In cocoa domestic supply chain of 
cocoa in India is stiII in rudimentary stages. CAMPCO and 
Cadbury India Ltd (now Mondelez India) are the major 
procuring agencies in India, who are directly procuring the 
cocoa beans from fanne rs. The value share of the producer 
/ fanner is a meager 32% because most of the fanners sell 
the produce as wet beans, even without doing minimal 
processing. Drying yards, primary processing facilities, and 
storage facilities are lacking in the case of most of the cocoa 
farmers. Since the stringent food safety standards and trace 
back systems are evolving in international arena, it is a real 
chall enge to establ ish robust procuring system in the 
upstream end of the cocoa value chain in the country. Focus 
is needed to establish village level primary processing units 
and capacity building for fermentation and drying of cocoa 
beans with the formation of strong farmer aggregates, women 
SHG's and rural youths. 
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