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Dedication

To...
Khun Sukit Wanglee who has been an unwavering beacon
guiding the Thai Tapioca Industry to a vibrant, prosperous
and sustainable position today.

To...
Professor Dr. Chareinsuk Rojanaridpiched,
Associate Professor Dr. Vichan Vichukit and other
eminent breeders for their innovativeThai high yield
“Elite Varieties”, bringing unmeasurable benefits to
the Thai farmers and the Thai economy.

- Thai Tapioca Development Institute -
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Introduction

“Mun-sam-palang” — a strange-sounding name even to Thai ears! Where the word
comes from, nobody knows. Westerners sometimes call it “tapioca”, at other times
“cassava”’. Any difference between the two? What is it used for? In what form?
What are its benefits? And where to obtain it anyway? Its provenance (past) or
its prospect (future) seems not so well known.

All we know is that “Mun” (the first syllable of its Thai name) is so identified with
poverty that it is called “poor man’s crop”. However, “Mun” has created a life of
prosperity for many Thais, bringing along revenue, fame and honor for the country
which has been rated as the Number One exporter for the past half-century and
in full possession of the world’s best variety (breed) of this root crop. Be that as it
may, still very few people are familiar with tapioca or cassava.

Many million tons of tapioca per year were exported to the European Community,
but changes in the market situation over there nearly spelt the extinction of “Mun”
similarly to the case of jute.

But today, “Mun” is still alive and has become the hero of the nation. Simply cannot
grow enough for the market! And certainly not a problem for the government.

What really is marvelous is the fact that “Mun” managed to survive with little by
way of assistance. It has even grown and succeeded as an industry which is secure,
prosperous and sustainable, in consonance with the Government’s slogan.

This publication is intended as the source from which the Thai general public will
be able to learn what “Mun” is, where it came from, how Thailand got involved and,

above all, to come to appreciate the capability of the Thai people and nation.

- Thai Tapioca Development Institute -
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THE ANGIENT PLANT

WEANAITUSSW

Cassava, a root crop, has
growninthe wilds oftropical
Central and South America
for many, many centuries.

“Oudl=nay” 1I0uWsAINIARIINNIS
venalhnjvadsin (Root Crop) AIAA
vulusssusna Livaluaunauvasau
vaunduawsnt lnaiaw:Tuaiusni
naNazaIusSMIAAVIAANAIUSSW
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The oldest direct evidence of
cassava cultivation is on show
as an ancient exhibit, Yuca,
In Moche culture at the Larco
Museum GCollection in Lima,
Peru. This indicates cassava has
been cultivated in Guatemala,
Mexico, Brazil and Bolivia for
more than 6,000 years.

“Dudid:nay” tnangaudn NTAUN
nargwulnou lusiudnn Moche | _
Yuca nandog NWWsAturLarco =yt i/
Museum Collection n$yaun Us:zin S VS~
s uguanlh§an Inwuudu=rnav
InudszinAnainuian 1ingln usiga
la:luang unNnd1 6,000 Juao
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THE JOURNEY OF CASSAVA
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Cassava is native to Central America and South America.
It has been cultivated by ethnic people in Guatemala, Mexico and
Brazil.

IN1:189U8V IN1:U1AINENS
NaNASAAANISSYN 16 B10lUsAINAUTUEIU=HEY

91nUs:InAUs1Balugunddiiowsmninizisglio
lazuannNans

In the mid-16" century, the Portuguese brought cassava from Brazil
to Africa’s Réunion and Madagascar islands.

waddud
ASARARISSUA 17 DudU=HAIAUNIINUS:INA
iingIngnddiaigeiBunsaisnius:inAWaddud

In the 17™ century, cassava was brought from Mexico to Asia.
The Philippines was the first Asian home to cassava.

oulaliBy UMaIBy

AUASARARNISSYN 18 B1990dUAIUNTUEIU=HAY
uWaNAKLIN=591 UssinABUlACIBe nasilovusazng
Us:infunialge

In early 18" century, the Dutch started cultivating cassava on
Indonesia’s Java Island and in Malaysia’s Malacca.

Ing

gouriouavasulanASIn 2 Judl=nasanaulatiBe
gus=inAlngmauls nauv:vengnagniAn=usan
INUIKINBAUSIAzS:80u

Before the Second World War, cassava had already expanded from
Indonesia to Thailand’s South. The plant later spread to the east of
Thailand, especially Chon Buri and Rayong provinces.
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Known as Manihot utilisima
Pohl in Latin, cassava belongs =
to the genus Mapihot Eam-_. -
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“Oudnu:zrav” 10uwsluana Manihot
(996 Euphorbiaceae) G¥o10uniynazaudn
Manihot utilisima Pohl 97munaanidu
BUAVL MUSAVOIAD BUAVU ISINIT Manihot
utilisima Pohl d2uslinnoau 1Sgn9

Manihot palmataMueller Arg. IﬁOl]’ﬂLJLJQﬂ
Tusinviiu M 2 stafiAa=null 1a:0990uiise
n1IngAansWeddolRgn Ao Manihot
esculenta Crantz SufiiUINUIBKAYWUS
(Varieties) AUEINYASIVASOUUIUIEIR
Centro Internacional de Agricultura
Tropical (CIAT) TdsousouIgoWusnssy
(Germplasm) Tngdansausoulilunday
nazifiuluaniwnisiwaziagvidordoldnitioy
A1a UszinAlraouibelitiogansn 7,000 Wus
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in the form of tissue culture in Cali, Colombia. With
Its distinctive characteristics, the germplasm of
each variety has been further developed through
crossbreeding with indigenous varieties, resulting
In higher yields and a greater range of processed
staple products. e
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INTRODUCTION TO
AFRICA, ASIA AND
THAILAND

IKaINIUAIAUEIOWSNN

0139 1a:lngy

fuAnassun 17 -18 UszinAtuglsy 15u TUsming
nazaidu [AdunavniaviazyaouAauiveny
answaldgunnunawsna aiwsnala lngrawn:
ag1v8vlunnuaiusninaviazawsnila saidu
inavindaveviudu:rav doudunnuia:usuind
AlsluasaunsadusznATunnuIgIBY azowsna
Urgudd:ravlviwanwsigunu
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Between the 17" and the 18" centuries, Portugal and
Spain asserted their colonial influence through military
might and missionary zeal throughout countries in
Africa, Central America and South America, all of
which are home to cassava. During the same period,
England and France also furthered their imperialist
aspirations in certain countries in Africa and Asia and
Introduced cassava to them.

WONDERS
OF TAPIQGA
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“gudd:ray” Jelagenivrlusainaisenvauluusiasn Mandioca
Tulraoulbe Mamuian 1NN ISenviuniunivvaddailusn Yuca

eldlugnAsovaunuluNnUdY Giwenwsmauilsiiudd:nasiuvan
funikudu 15U TUsainalsitin Mandioca unwenwstudulatiBe nazailu
(AU Yuca viwanwstuwaddud doudinnuiwanwslnegunAInN1asnadinnu
BunoIndounianniowsniluvie Tadwusoudl:ravluivenwstumn
nuddanswalunowsnn 1su [udiSe nazfulvIde 1su duIRY dINNU 1ISINFAU
Ia:/audU:Kay 31 Cassava wanwanlAvnnsiussuRodudU=nay

(Cassava) 1S9n91 Tapioca I
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In Brazil, cassava is known as
mandioca (in Portuguese) and
iIn Colombia, Guatemala and
Mexico, it is known as yuca (in
Spanish). Mandioca is cultivated
In Indonesia and yuca in the
Philippines. Cassava was also
Introduced to British colonies
namely Nigeria, India and many
more. Called by the British, the
term “cassava’refers to the plant
and its roots, whereas the term
“tapioca” refers to its powdery
extract, i.e. tapioca starch,
commonly used for commercial
purpose.
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Following the collapse of
Portugal’s imperial power,
Indonesia came under
the power of Holland, and
hence,some Indonesians
used the terms mandioca
‘'sampeu’ or 'sampore”.
However, no matter what
it is called or where it is
cultivated, cassava remains
a staple food for those who
cultivate it.
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nanvavds:snslnonsy rnaraus:inAluaiusnals [udise na:
UszinAtuowsna ndnsdulatiBe Uszyansuavdauniusina
pudd:raviluanisnan Uudu=nay Sampeu KHSo Sampore
ndulnlide 1wsKargivuagirauuaignivuiaigazivag
Us:inAlngmauldlugovnouavasiulanasn 2 Judiu:nav
iividu 2 sla Ao suAvu T8rnndvdu (Starch) nazann
suANEUSInAlRgnsy 15U AU U [Julustinkonu

Sampeu or sampore was introduced to
Malaysia and southern Thailand before the
Second World War. Cassava is classified as
bitter variety for making starch, and sago or
sweet variety for making dessert.
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When it was introduced, the Thais preferred
to consume cassava and other tuber plants
such as taro as sweets or used such derived
products of cassava as glue to make paper
bags. During the Second World War, famine
caused poor families to grow cassava which
they mixed with rice to help with the cost of
living as cassava was much cheaper than
rice. Since the end of the war, cassava has
been eaten as a dessert and generally been
considered food for the poor as even pigs
are fed with rice bran.
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because both regions share similar
weather pattern and there was much
space for growing it following
deforestation. Since then, it has been
grown for commercial purposes. In
the Bang Phra, Bang Saen and
Bang Lamung districts in Chon Buri
province, many factories making
starch for domestic consumption
have been established; as a result,
the starch imported from Indonesia
was no longer required.
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Trial export chip to Netherlands and
other European countries proved that
when mix with soybean meal at right
proportions yielded the same nutrients
value as those of barley or maize but
at lower cost. Tapioca chip, therefore,
became a popular feed mix in the European
Community. Demand of tapioca chip in
the Communities grew rapidly. Cassava
became popular crop, and the growing
rapidly expanded to the Northeast of
Thailand.
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EARLY EXPORTS

N1SEJ0ONS=Y:IISN

As animal feed, tapioca chips, when
mixed with soybean meal can substitute
barley or maize, which is more expensive
and was widely used in Europe.

Export of tapioca chips or pellet to
the Community, classified as “grain
substitute”, thus enjoyed the benefit of
low tariff of 6%.

From 1957 demand of tapioca pellet
grew from less than a million to several
millions tons.

mstETudu gatnineldwa “aunainu
Styws” Tudmsani18univi 6% waunu
NINA2IKADYAIUNSONAINUSYWEAU 15U
ioursiad navolwa BudsiAgInalaa
Fuiundeutuglsy dudu-nasiananeidugud
dvoanluus:s1AuglsU 10uwaldusuirunas
dvoonaguvuidudsiuanad 2500 10UFUL

39 GFmrioca

Book 1.indb 39 7/6/2560 BE 11:02 AM



Book 1.indb 40

Uszs1AuglsUBISUN 0AITHI |
Jdusioviduaso GATT (General
Agreement on Tariffs and Trade)
fun1sanrngoun1BUNIVIFUA
urddawanidunasmounnufu
nasiviiduauadnniaA GATT 1a:
A 0819AUTRYEoaNna uUsSINA
iGoviuvanulutowsnn TngiawA:
0g198vorunlnuVavUSVIAd
lvalggu nazavnny Ila 16
ang10unsSInN18n1IsUNIVIvVoy
wanAnu Tud1U:naendnTuls
“nANU” StYws (Grain Substitute)

ISRdns1MIWeY 6% 10ulsnG
vouuszialngAds:ziatuna u
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(Pellet) MIAR9INNIstMTuIFuly
amdunnvauq adennvsodn na:
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(Hard Pellet) oilKnanAnUuidu
WUS:HIWNISVULIY aAuan1d:n
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Intending to help its former
colonized west African
countries, the European
Community, to join the
GATT (General Agreement
on Tariffs and Trade) was
committed to binding import
tariff of grain substitute
at 6%. As those countries
In Africa did not have
enough surplus of tapioca
to export as grain sub-
stitute (most was used for
domestic consumption),

41

Thailand, whose domestic
consumption of tapioca
products was low, could
export tapioca chips as
grain substitute to Europe
instead. Since 1957,
Thailand’s export volume
of tapioca chips has rapidly
Increased from hundred
thousands of tons to millions
of tons, leading to expanding
growing areas to in the
Northeast.
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WaveoNIFHWRILNS:UUNISYUAINIIUN MU Ia=N1uN:Ia
0819s9AI$9 na:jus:ansniw atursndvoonaunn
JudU:navASva:aunausu s=uun1saIaednuunaIn
n1AR=3usonidgdiniioasdniAnaiy 1a:n19u191n
0:13INS1 WSzUASASDYSYT NSYINW KSasaus [Uavise
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UszinAiuisasiiaust miius:zinAlngmagnisidugjdvean
ounu 1 vavlan AsovnaIANgI 90%

Improved infrastructure and logistics
facilitated the exporters in shipping
their products to their destinations —
mainly the Netherlands — more
quickly and efficiently. Thailand was
ENABLE to CAPTURE more than
90% of the world market.
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CRISIS FAGING THAILAND
DUE TO ONE COMMODITY
T0 ONE SINGLE MARKET

3NNHIINNISWIWA

“FuAsUNINYD IUgumanningd”

In 1979, Thailand exported 8 million
tons of TAPIOCA CHIPS or PELLET
to the European Community but the
fluctuation of market price adversely
affected the Thai economy.

gnmsiavooniuialuguls:srauglsuogny
sonI§ 9 ndazlunnauauidudug Au na:iy
8 unuluzogl 2522 15IN1SIAS=UUNNSEI00N
guluAinnnAds Miks1AWaRAU7TUdU:=HAY
numeluds:inAna:us=siAuglsuiuwouvuay
agwsuNsy ralAinAuans:=NuFaEANIGaI00nN
1aztinvn nazasdynlkAusgunanung
IFSUYNA=aIAU
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Rapid Increase of Import TAPIOCA PELLET into
the Communities and severe fluctuation in
prices of cassava roots domestically led to
the negotiation between the Communities and
Thailand. Both sides agreed to:

1. Reduction of the export
volume of tapioca chips/
hard pellets from 7 - 8
million tons per year to
5.5 million tons per years.

2. Thai government would
systematically regulate of
chip/pellets export to
stabilize the markets and
prices.
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This agreement was severely criticized because of the
drastically limited export volume. But the fact that Thailand
was allowed to regulate the export “quota” to the European
Community, preventing the Thai exporters from being
dictated by the European importers. Therefore, the
Ministry of Commerce could regulate and maintain
domestic cassava root prices at a more stable level. —
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Over the two ensuing decades, the
Thai government and the European A

Community signed five agreements.

But after that, “The New Agriculture [
Policy” wasintroduced by the European
Community, leading to the reduction y
of subsidies and consequently the
lower prices of grains in Europe.
This would decrease the amounts

of tapioca imported from Thailand;
thus, the prices for tapioca products
exported to the European Community
would drop to a lower level.
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THE COMEBACK

JIWORNSIOY

The change in the European
Community’s policy loomed
as a grave danger to
Thailand’s tapioca exports
and would effect cassava
cultivation and would soon
disappear similar to the case
of jute.
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suIRganuNnsive dugrynialuain
dszinAlnaiws:liawasnmniviula

5 WONDERS
OF TAPIOCA

Book 1.indb 59 7/6/2560 BE 11:04 AM



UszinAlnewawamsavaaniuiinsnidealuguls:s1auglsy

IW8gIRNAIAIAYD (One commodity to one single market)
Judnludovlsuivonisagson nasufsunisuaniazniswan
Judl=navinavulud 2535 IngAousouiiosoulavednnuig

ﬁ\lmmanau||a:mﬂswms°.ﬂ|f]u <) 1a-rnannas
2 Voran Ao *

—

- SURNITURE

6 WONDERS
OF TABIOCA M

d

. > A
: . %
( . r
-1
- s ™ S
Book 1.indb 60 7/6/2560 BE 11:04 AM



Relying on export of one commodity to one single
market is a disaster. Therefore the Thai government
and private sector have joined hands to chart a n
course of two principles;
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1 Cassavahas potential to process into food, feed
and fuel. To capture the potentials cassava (
roots production cost must be reduced by
Increasing its yield per rai and high starch
content as quickly as possible.

2 Diversifying of cassava’s processing products
as well as export markets are both needed.

62 oFrEces
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These major strategies were developed in line
with the above policies:

— Low-yield and low-starch content varieties
would be replaced by high-yield and high-starch
content varieties.

— High yield and high starch content would
enable the starch industry to export (tapioca)
products to markets all over the world without
relying on just the European market.

— The new independent institution would be
established by government initial endowment.

Consequently, the initial endowment was obtained
by the auction of 500,000 tons of export quota
tapioca chip export. Mr. Anan Panyarachun,
the then Prime Minister, agreed to the endowment
of this Fund and the Thai Tapioca Development
Institute was founded in 1993.
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SUSTAINABLE INDUSTRY

OMNAHNSSUIUAY SNEIL

It Is a surprising fact that
cassava, an ancient plant,
IS native to other part of
the globe, but has thrived in
Asia, especially Thailand.
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Today, there are more than
1,000 processor of tapioca
chips/pellets and more
than 100 mills producing
starch and modified starch.
Thailand has a 70% share
of the world market. With
iImproved production
technology, infrastructure,
variety, and marketing
strategies, Thai cassava
products has become widely
accepted worldwide but is
barely known domestically.
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CASSAVA BREEDERS
“THOSE WHO DO
A THANKLESS JOB

dnUSuUsuwusiduanu=rag “Wunnodrnaiws:”

The cassava varieties that grew
in the South, East and Northeast
of Thailand, was of native
varieties, yielding 2.2 tons
per rai with only 18% of starch
content, and production time
took nine to ten months.

JudU:=navniwenwsiingus=nAlngannialsianin
pzIUDONIAzNIARIUBDNITEVINTID IDUWUSWUITDY
[wauaniods 2.2 au/ls BonllumnIwey 18%
la:wawanldinan 9 - 10 1nou
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Low-yield cassava made the cost of starch
production high. Thanks to the innovative
wewsmmmm Of plant breeders, cassava varieties with new

E;i high yields and high starch content have
E§§ been developed. However, they were seldom
% distributed to the farmers to be cultivated
E§ because cassava had not been actively promoted

K by the government.
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These plant breeders were still
determined to improve their
cassava varieties. In 1989 one
variety KU50 was developed
and it has been propagated
by TTDI and distributed to
farmers nationwide break-
through in new cassava
varieties. Yield rose by 70%,
from 2.2 tons per rai to 3.40
tons per rai and the starch
content rose by more than
60%, from 18% to 30%.
Subsequently, the varieties
development has improved
tapioca production and it
has been recognized as the
best commercial variety
In the world. Within 20 years,
the industry has revived and
continued to flourish since.
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91NYNSAENS NISIVATUWUS
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(Modified Starch) dns2¢ Uszinflng
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19

With the cooperation
of the Government and
the private sector to
Improve the cassava
varieties between 1992
and 2002, production
of tapioca starch
has expanded from a
hundred thousand tons
to five million tons and
the starch—ranging from
native to modified —
has been exported to
more than 90 countries.
Thailand is the leading
cassava exporter and
maintains more than
65% share of the world
market.
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KASETSART UNIVERSITY
AND THE DEPARTMENT
OF AGRICULTURE —
CASSAVA BREEDERS

UKN2NYNAYINUMNSANENS NSUDBINNSINGAS

WWHJUNWUSIDUaU:=r1ay

Thai cassava breeders are renowned
for their cassava varieties that produce
high yields with high starch content.
The two main breeders are:

unuSudsvwusuudaid=naviuds:inAlng
[sisun1sengavgrniolandrauisnasuwus
Judl:navngonideuiiuawansialsay 15o
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d19NSUIBINISINUAS S=§0J 5
WAJUIWUSS=80Y 3, Sz8dV 5,

S=goV 60, Szgov 72, Sz80v 90,
S=goJ 7, S=gov 9, S=gov 11
1a=S=goJ 13

The Department
of Agriculture has
developed 9 varieties
of cassava — Rayong 3,
Rayong 5, Rayong 60,
Rayong 72, Rayong 90,
Rayong 7, Rayong 9,
Rayong 11 and Rayong
13.
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A UFank - Fumasau
o : dv19
no1g 6 1lou

External color of root : Light brown
Root pulp : White
at 6 months

v ity : Giavivy

Petiole color : Red

« gonoou : duavoau
Apical leaves : Purple
green

79 sowss,
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S-gov 72

Rayong 72

<« NSUWU
no1g 6 1AoU

Plant canopy
at 6 months
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A W3onA) : GUmagou
o : &1

918 6 Idou

External color of root : Light brown
Root pulp : White

at 6 months

Y 99A00U > U

Apical leaves : Purple

o rjulu : diavivu

Petiole color : Red

81 oFmrcea
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s=gov 90

Rayong 90

N F,
L ,
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918 6 Ifou

|

Plant canopy
at 6 months
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iWaona : dunma
o : vy
no1g 6 1AoU

External color of root : Light brown
Root pulp : White
. at 6 months

Y gonoou : JIivgroou

Apical leaves : Light green

o dwlu : Givgooou

4 Petiole color : Light green
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<] /Uaanha FUe1a
/ua v

\ na'zq 6 IAoU

External color of root : Light brown
Root pulp : White
at 6 months

v il : &vgasgouausuw

Petiole color : Pinkish green

,,,,,,

< 99A09U : FHT9VUOULIA

Apical leaves : Brownish green
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gov 11

S

< 1979 6 IoU

17

at 6 months
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A U3onko : Guwna
1do : dv19
no1g 6 1AoU

External color of root : Brown
Root pulp : White
at 6 months

« gonoou : GUav
Apical leaves : Purple

<« il : &vgrounay
Petiole color : Reddish green
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AN19ANUZINUAS ASS151 1
I

Sriracha 1

UHh1JNg1agINUASFAIEnS
WauawWus ASS181 1,
INYASAIGRNS 50 (KU 50),
Ko8UV 60 (HB 60) N1azrHogul
80 (HB 80)

The Faculty of
Agriculture, Kasetsart
University has _ _
developed Sriracha /
Kasetsart 50 (KU 50), ' 7
Huay Bong 60 (HB 60)
and Huay Bong 80
(HB 80).

by &« 1979 6 10U

at 6 months
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N 2
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A

v
o

IUaenna : guiniaoou

o : 8119

918 6 IdoU

External color of root : Light brown
Root pulp : White

at 6 months

8
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INYASAIENS 50

Kasetsart 50 (KU 50)

< 1979 6 19U
at 6 months
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A U3ani) : hmauiunaty
ido : 8119
o718 6 Idou
External color of root : Brown
Root pulp : White
at 6 months

« il : Givgsounay

Petiole color : Reddish green

« g9n09U : U

Apical leaves : Purple
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60
Huay Bong 60 (HB 60)

Ko UV

..........
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6 IAOU
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at 6 months
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A U3ank - Fumasau
o : dv19
no1g 6 1AoU

External color of root : Light brown
Root pulp : White
at 6 months

Y fulu : divgaounav

Petiole coloy : Reddish green

<« 99A99U - A4

Apical leaves : Brown
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KHa89UV 80

Huay Bong 80 (HB 80)

< /1979 6 IoU
at 6 months
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« 99n90U : aivgroou
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A\Waonk : deagou

9

1o : dv19
919 6 179U

External color of root : Light brown
Root pulp : White
at 6 months

« riulu : Givgsounay

Petiole color : Reddish green

Apical leaves : Light green
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All of these varieties, internationally known
as “Thai Elite High Yield Varieties”, are
s CUltivated throughout Thailand and in many
countries. KU 50 variety is considered a
breakthrough in breeding and is considered
as the best commercial variety. Regionally,
In the past, only Thailand and Indonesia
grew cassava but now Cambodia, Vietnam,
Laos and Myanmar come into play. Recently,
ASEAN has become the leading region of

cassava grower and tapioca exporters.
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Nativet Native potat V2

Such breeders are the valuable assets for
the cassava industry and their jobs deserve
high acclaim.
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THAI CASSAVA VARIETAL IMPROVEMENT ..
WAS ORGANIZED BY

oJANSNUSUUsIwuUsJuaU:naaing

INYNSAERNS 50

Us=anwus:

(S=80v 1 x S=g0v 90)

1. UK10N81AgINBASAIENS (nadsawsisun Atuzinsms)
sounuyatsanguwsutudIl=naansads:inAlng

Départment of Agronomy, Faculty of Agriculture, Kasetsart University,

in collaboration with the Thai apioca Development Institute (TTDI)

_ Tgﬁﬂ Series Name: » INUASAIARNS Kasetsart (KU) » KHIEUV Huay Bong (HB)

-~

Kasets_art 50 (KU 50)

Pedigree:

(Rayong 1 x Rayong 90) -

2535

1992

2. NSUIBINISINLAS

(Augd9eWslss:gov
aniuddewslsia:
WBNAINUWAIIIU)

Rayong Field Crops Research
Center, Field and Renewable

Energy Crops Research Institute,

Department of Agriculture

Tgﬁﬂ Series Name:

e Sz89VJ Rayong (R)

n

2526
1983
Wus
S:89VJ 3
Us=anwus:
( MMex 55 x MVen 307)

Rayong 3 (R 3)
. Pedigree:
( MMex 55 x MVen 307)

x

_ Us=dnwus:

(Mcol 1684 x szgoy 1)

Rayong 60 (R 60)
Pedigree:
(Mcol 1684 x Rayong 1)

2518 2527 9534
1975 1984 1991
Wus Wus Wus

$:g9V 1 $:609'2 $:80J 90
Us=IAWUS Us:IAWUS: UssFRWUS:

ARIGONIINWUS WUITOV
Rayong 1 (R.1)

* Pedigree:
(Selection from local variety)

r
1

v

-

( MCol 113 x MCol 22)

Rayong 2 (R 2)
Pedigree:
( Mcol 113 x Mcol 22)

(CMC 76 x V 43)

Rayong 90 (R 90)
Pedigree: :
(CMC 76 x V 43) (
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Wus
KI8UY 60
US:aRAWUS:
(S:804 5 x INYASAERNS 50)

Huay Bong 60 (HB 60)
Pedigree:
(Rayong 5 x Kasetsart 50)

2546

2003

Wus \
no8Uuy 80
Us=dnwus:
(Sz894 5 X INBASAIERS 50)

Huay Bong 80 (HB 80)_

Pedigree: I
(Rayong 5 x Kasetsart 50)

2551

2008

2537

1994

Wus
Sz804J 9
Us=aRwWus:

(27-77-10 x Sz80V 3)

Rayong 5 (R 5)
Pedigree:
(27-77-10 x Rayong 3)

2548
2005
Wus
S=gov 7
| Us=dnwus:
(CMR31-71-25 x OMR29-20-118)

Rayong 7 (R 7)
. Pedigree:
(CMR31-71-25 x OMR29-20-118)

n

Us=anwus:
(S:899 5 x OMR29-20-118)

P

Rayong 11 (R 11)
Pedigree: ,
(Rayong 5 x OMR29-20-118)

2542 2549
1999. 2006
Wus . ﬁué
S=goV 72 s':ao:] 9 °
Us=amWus: ‘Us:ﬁﬁWquz'

(S804 1 X S:804 5)

Rayong 72 (R 72)
Pedigree:
(Rayong 1 x Rayong 5)

Book 1.indb 99

(CMR31-19-23,x OMR29-20-118)

Rayong 9 (R 9)
Pedigree:
~ (CMR31-19-23 x OMR29-20-118)
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600D VARIETIES
FOR SUSTAINABLE
INDUSTRY

WUSH S1N91UVaIMarnSSUNUUAIEIEU

Since the introduction of improved
varieties, Thailand has exported more
than 3.5 million tons of tapioca starch
a year and around than 1.2 million tons
of tapioca starch has been consumed
domestically.

GuisiMsIVasuWUSTHinumsns U 2536 - 2544
N1SvVegAIvavgnannssunduiudaiu:rnav
10uldagisaniSanazn1oans:InAnu
nlnatoumads JeguuussinAlngdvoon
1dvoudd=rnavta:=nan 3.5 dwau na-islu
UszinAtaz1wegv 1.2 aunu
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50% Vovkouunwanlgiiuaididu

dnnauwanidou na:nnd Ingawsn
wanazdveanvigdudil:znainandy
la=0uidulanun Iuindamuvudinilu
ns:zinUszinAlsiog WA 1azndnAny
NanRoNsaloaNUARMTUFTUAU:HAY
i0uwawanninanigludszinA 100%
ludnasurvrurwanimn og1din
waus:lggudvagluds:ind 100%

Around 50% of the roots
are processed into tapioca
starch. Every year, Thailand
can export all of its tapioca 4
products — tapioca starch
and chips. Most importantly,
all the cassava used for
making tapioca starch and
chips Is from the cassava
cultivated in the country.

WONDERS
OF TAPIOCA %
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GuilunoudAessgninglWusTudU:=-naunNAnatewus 0nis
soufenuunisy venewius naziaguiusTrinumsnsrinliogi
s9AISI TAWAIUISNlUNISUSUAISDISUAUNSWARAUATTA
donAaoVNUAaN19NISHU 1a:Ns:919N1savoanlUgIus:INARMIY
Inalidouwawwegds:inAiRgadnsald Mlkonaiknssy
oglugnu=ouAvgedu nalanduuovds=inAlneilufoog vt

' BusuengadluniswuudUznastunnaAIu MINISWeILN

wus msiUssU iazmsmann uituiuuagavesadudISan
nangus:zINAWgIgINALIKIUNY

Thailand has been able to develop many high
quality varieties of cassava because of the
Ingenuity of the cassava breeders. Now Thailand
can exportits cassava products to many countries
globally and does not have to depend on one
country as in the past. Undeniably, because of
their great work, Thailand is now widely known
as one of the best cassava breeders, best tapioca
Processors.

WONDERS
OF TAPIOCA
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The Thai Tapioca Development Institute chose
the KU 50 variety, developed by the Department
of Agronomy, Faculty of Agriculture, Kasetsart
University and Rayong 5 variety, developed
by the Rayong Field Crops Research Center,
the Department of Agriculture to be propagated
at Huay Bong village, Nakhon Ratchasima Province
in 1992. At first, 400,000 plants were cultivated
in 1,000 rai of land. During 1993-2001, the
new varieties have been distributed to farmers
countrywide.

WusInuasFans 50 (KU 50) AWsulAgn1AIE)
W3ISU1 ACUZINYAS UKIDNYIATINYASAERS Nlas
WuSs:=g0v 5 (Rayong 5) WauulngAugIquwyls
s:g9v NsWIBINISINERAS TASunisArIdaniAIdu
Wwusnyaasaniguwsuuudruzravdaluuan
VeeWuUSogISISATUWURVEIYATS siuarkoguy
JunanuAss1saul Tud 2536 WusalA9nnIs
Uanvenglutiisn 400,000 fiu IWedwouaniuition
1,000 Is na:lsns:z91alAinymnsnsiudundnsieg
[UUanvenanaziangrewussonoUs:ina s:13y
U 2536 - 2544

106 &Fnicea
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gnuanWustulAvawania:gantgunsniusinuin 39

i'ﬁﬂns:uam"'uﬁoiunws\]UgnV\Tus:ThUﬁoUs:lnﬂ NISNS=91¢
fovauusTuFuidullagnusoniSola: 8 i1 Mgnyads
1a:IgNISVENENSIBWAILVOINAUINLASNSIOV a=tU
wusTrugalavenewunuanndguoin 1,000 1S i0u 8,000 T,
60,000 1s, 400,000 Ts nazidu 3,000,000 Is na:iWey
szgz10a1 10 U Tudl 2545 InvmsnslAUanguwusAnoUs:InA
fiv 8 dUlS wawanwun 2.2 Ausials 10U 3.4 Ausials
ias5outwuRIN 18% 10UNGT 30%

nmswuwawannazsondudodiuselionairnssunly
Ve19m981vils=ansnaw aoudldnuaduaadnisidy
vonanlanniwuvuuin Tsearunddumuiuain 20 Tsy
10u 100 Tsy n1savoanidvainduauliniaudu naneidu
5 duAuABTUEIIMING1D BIWLTUNIY 10 N6
ia=geguundusudruznantundungraryvovlansinnty
AouAnuIdVIoIwR douluidursoludnilin Suingdoy
Wawananglsuiiuifes Tndsiaguidunisdvoan

- TWdszaduidunaniwaldwanduioniuoadinsu

9RAMNSSUA N

106 oFrFcea
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With the new varieties, the cultivation area was
expanded around eight times a year — from
1,000 rai to 8,000 rai to 60,000 rai to 400,000 rai
and to 3,000,000 rai within 10 years. In 2002, Thai
farmers grew only good quality varieties
countrywide in a total planting area of 8 million rai.
The yield rose from 2.2 million tons per rai to 3.4
million tons per rai and the starch content rose
from 18% to more than 30%.

Such improvements and greater global
demand led to greater investment in the
starch industry. The number of starch factories
rose from 20 to 100 and the export volume
rose from a hundred thousand to five million
tons. At present, cassava starch stands as an
Important product as corn starch. Thai tapioca
chips has been exported mainly to China to be
processed into alcohol, ethanol and feeds.
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1Junus:9ny¥91 Tulngidunsfednasvavnolan
idovonuwawanliwovig Tud 2557 Fufowy
nsinvaraduananUszinAwaudunsa 7
a1UAU N1savoonaN[NgddansSwasas:=AUSIAI
lumarnlanagusunsy AuIURIAgINATUTUNSI
wagndvasuws:u1n mikuawananad 25% i
$:AUSIANGIVUNTT 100%

Because of the shortage of domestic
supply, in 2014 more than 7 million
tons of fresh cassava roots had to be
Imported from neighboring countries.
In 2015 Thailand exports 3.5 million
tons to 90 countries of which around
1.4 million tons export to China
alone. Thai tapioca export has been
one of the most influential factors in the
world starch market. The best example
could be witness from the high vitality
of the markets during the outbreak of
pink mealy bugs in 2004.

108 o°nFccs
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gugru=rauduwsnaiuasn
t§Us:TsuiTanne dou MusIn

(FoUu) a1siu na:zfu

Cassava is a versatile
crop because its roots,
stems and leaves can
all be utilized.
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Tududau:=rav 1Wuorsvov
uyugina-and awnsnuiuian
Sudszniunudwsnls Iag
fuduau:rnavmnikvioldsiu
v 17% nazguinuiwauidu
9IMSANINIY

The leaves can be used
as food (apical leaves
eaten with chili paste)
and animal feed (dried
leaf that has 17% protein
IS used to mix with other
feed ingredients).

WONDERS
OF TAPIOCA
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sinrSofau 10udounazaundy iduamisveduuudlnanis
usInalnemsy U GIUT T4 oU Bou 61 non KSanUssurinidu
Juidu SudmIin 1oanagod IaRasudnaountuo=gnavivalsiu
anannssuwarimldudl=ravouduinniuiugiunaiuisn
tlUndssuaidudouus=naundAanyiunisuanuaniturionms
ASavAu nazinsavaulnAusInaAsg AlETUBIRUS:913UTuSUVOY
d1SAUMIIL anstfiAgILTUNTA oanodad dounniindaan

nsiuddudd:raviazildanvesrodudid:raviawasntinl
[Biduosand nSoidudaniunisuaniAmls
uoNINU AOBUAU:HAVSNIDUIRNAUAUWANIU FD 15OIWEY

KSolaN1u9a

Cassava is a source of carbohydrate. Young leave
or apical leave could be consumed as daily food
when steamed and eat with chili paste. Root can
be boiled, steamed, grilled or preserved for direct
consumption as staple food. It can also be simply
chopped and dried to make tapioca chip or pellet
for animal feed. When processing at mill to make
tapioca starch, it could be used as ingredient in
many industries such as paper, adhesive, food
starch and fuel such as ethanol.

WONDERS
OF TAPIOCA
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Thai industry uses mostly cassava
roots to be processed into:

e Chips: The fresh roots are cut into
small pieces, dried and sold as raw
material for animal feed and fuel
ethanol.

e Pellets or Hard Pellets: The chips
are milled and pressed into pellets
with a diameter of 1 cm and thickness
of 2-3 cm. Their moisture content
IS 14%. They are exported and used
as feed ingredients.

e Starch: Starch can be divided into
native starch (or normal starch)
and modified starch. The latter is
starch that is modified physically
or chemically in order to improve
its functionalities and can be used
for various purposes. Thai starch
IS regarded as high quality for its
white and glossy paste.
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THE CASSAVA
INDUSTRY IN THAILAND

oRnarnssuuaU:navlulng

fus=g=snisSu sankdaratudu=naandudouninluls
Usslestiuinnan amamnssuluds:inAlngdnisidssy
UudU=nadidu 3 9awan fio

« Juidu (Chip) 1DunsiUssUaTUaRTUUZY TRBARRIU
Jusuidng drluanidy davieiluinnauenisans
llazwanioniuoa

o Juilia (Pellet) HSaludmilia (Hard Pellet) WsuU91N
nstnuiduludnmoenauSouldulidn Kun 2 - 3 ISUAIUAS
EUWIUAUEGNaN 1 IBURIUAS AOUBU 14% d=AINFD
nsaveaniugusinsus:=inAna:waidudouwauiuamsdng
» n1vudnu:=nav (Starch) InswanidvunrumwaalAuin
nan tondviavionasiiuono nuaidu Native Starch KSonly
sssuA lla: Modified Starch rSanUuaiAUsBadAruaLUR
ANIdvsssunn [neldnssudsniainduSulasvasy
melulAtveuvansIEuUANI VU 1aWN=191:99VU
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Tuwannurinv9

Various Uses of Cassava

9111S
uds:inAldoudad=naviduainis
nanmnaen1suuuSInAlRanSY 1A
Ingdaudssuidundviudnu:=nav
Woldi0unkavasTulainsn aisii
AUV UnlRA (Thickener) aisin
ATUAVAID (Stabilizer) na=ansin:
M9 (Binder)saunvyoeTunisiasuiisyg
(Filler)

Food

In some countries, cassava
IS a staple food but in
Thailand, its processed
product, starch, is used
as a thickener, stabilizer,
binder and filler.

9RAINNSSUAINIS

o a1s9nndydudnd:navs oy
rlfomsAvanwigiodn s og
IWURUIKGED VU Klin GogTUTH
nnpznou Inga:-TEndviludouwa
UszunruSosa: 3-4 15U Tusod
guns:Uad thin Uwall gad

- ¥o8lhanISUAILEAKEU
Koo 1a:livand1e Wldwaulu
duriogings Juidu Ukl ann
13:3285N¥IAUAIAIIUDINNS
BNy

o IUuASTulainsm InatinlUwau
fuornsian vuudv Tdvuuwag
[ornSu [d@nsan nuidey a:
UsrDnvdSIsy

o 10vOUEIduansnannulviou
fuungoviua uu TaiNsa nazgu
gogUsvisvsaiaUsSusadua
nigludnirgantivroiuvunuu
voulliowannmur
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« ndvGugaNUssUIduanstinouKoU riuamanalaa winlna t&inu
umaglasaluwaliins:Uov iy Tnenalnanisoeaniiu
- nalnaimas (Glucose Syrup) UlUwanannanAIa:ASaIAL
nangsun
- nalnawy (Glucose Powder) Uuwanianglnsa 2 sun Ad
InngInsa Wiulainsm (Dextrose Monohydrate) iduiAngInsa
nonowBU Eluonarnssuamsns:Uou naziandlnsanoulonsa
(Dextrose Anhydrous) IJuIANGInsanludncuBU Wunssuds
msmifusansia:anwan Eluonairnssunswanen
- 69sUNoa (Sorbitol) Wuwannrurinssuaniangnsaazane
nAdWITUVUSosa: 70 tunluanairnssugadwuna:
IASOVE1DW
 WIYSd (Monosodium Glutamate)
« INIUGNIWARNSAU=UNIBUITUIRNAUTUOMEKNSSUIRSDIAU TAlr
Undnau twaltins=0ad inSovaugrinay

o gSnuisandndvouidudouway TnalEndvouiduaoiioaniu
InUBanaze1ia i0uansAIALIUEIWOIWIUSUITU UBNINTIEIE
(hwnTfegns:=0giiazoonansiiSaBuvu wsnziontiienuting: 4
WaJFIIazs:10naaN zioaiﬁsh\]ma@m%’unné’aﬂﬁ%oﬁu Ay
ustmibaldnduiuniduweaauasinll ene:-8nauidu | |
Ae Foalkenaanqnsaga:zuauiu 10usU
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The Food Industry

e The starch can be used as stabilizer to increase

the viscosity and prevent the precipitation. About 3 - 4%

starch is used in seasoning sauce, canned soup,

vegetable juice and fruit juice.

e |t can increase elasticity; as a result, it is mixed in

noodles, glass noodles, egg noodles, and sago. It also

helps stabilize the texture of frozen food.

e [tis mixed with baby food, bread, pie filling, ice cream,

sausages, Chinese sausage and instant noodles.

e [t is used as a fat substitute in mayonnaise, milk and

yogurt. It can also increase the texture and body of the

food.

e |t can be used to produce a sweetener — glucose or

fructose —to replace sucrose and is used in canned fruit

and jam. The glucose from starch can be classified into:
- glucose syrup to be used in candy and beverages
- glucose (dextrose) powder, available in two kinds,

.. dextrose monohydrate and dextrose anhydrous.
The former has moisture and is used in the canned

118 &FnFicea



food industry while the latter does not have mois
ture and comes in the form of crystals. Dextrose
anhydrous is used in the pharmaceutical industry.
- sorbitol, which is a product from dextrose in a
form of solution with 70% concentration and is
used in toothpaste and the cosmetic industry.
e Monosodium Glutamate
e |t can be processed into critic acid that is used in
beverages such as carbonated drinks, canned fruit juice
and tonic drinks.
e It Is an ingredient in some medicinal tablets or
capsules, acting as a diluent or filler. It helps active
pharmaceutical ingredients activate faster because when
the starch is mixed with water, it causes the capsule to
swell and burst; as a result, the body can absorb the
medicine faster. In the form of a polymer, the starch can
form a network, which can be fabricated to control the
release of active substances. .

| | — “ - A :
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The Textile Industry
The starch is used
to strengthen the
thread and make it
smoother. As a result,
the threads will not
become entangled in
the weaving machine.
The finished fabric
IS smoother and
stronger. The starch
also helps prints on
the fabric stay fast.
It Is also used in the
laundry business as
spray starch.

WONDERS
OF TAPIOCA
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The Paper Industry
Starch is an important
Ingredient in paper
production and the
quality of paper depends
on the quality of the
starch. In the process
of making paper, wood
pulp from trees such
as pine, bamboo and
eucalyptus is sorted into
sheet. Starch is then
applied at wet end on
its surface in order to
Improve paper strength
and enhance the surface
integrity. The starch will
also smooth the surface
of the wood pulp and
bind the pulp enabling
the smooth writing or
printing with ink.

WONDERS
OF TAPIOCA
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The Glue Industry

When heated or mixed
with chemicals, tapioca
starch becomes sticky
and tacky paste with
high stability. The starch
to be used as glue has
to be pure and low in
acidity such as dextrin,
which can be made
Into either dry or wet
glue. This glue is used
In making envelopes,

AVN19IRIIA:N19U1 N191KAT 09U stickers, wallpaper, and

WiETunisuansounnue amnines  corrugated boxes. The
seadilivos IFouRnBuasuvavnaay glue helps the box be
ns=nwanwn iiewuaowifaisoia:  stronger so it can hold
goglRau1snussavoIninian a greater load.

9RAIMNSSUNII

AruAUUARIAYVouduTud1U:naabonn
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A 15U nladszinniangnsu tiTgwan
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The Plywood Industry
Plywood is a sheet material
manufactured from thin
layers or "plies” of thin wood
slices that are glued together
with adjacent layers. Tapioca
starch, having good tackiness,
IS used as an ingredient in
the glue for holding together
pieces of wood slices. The
starch helps reduce the cost
of glue making because the
starch is inexpensive. The
glue contains 50% starch.

7/6/2560 BE 11:13 AM
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Other Industries

New products using
starch as a base are
biodegradable plastic,
hydrogels or polymers
with high water
absorption capacity.
Starch-based
absorbent polymer
or superabsorbent
polymersare used in
diapers or sanitary
napkins for children
and adults. In certain
iIndustries, itisused as a
thickening substance for
water screening ink or
oil absorbent material.

WONDERS
OF TAPIOCA
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When mixed with synthetic or natural
biodegradable polymers, processed
starch, e.g. thermoplastic starch
(TPS) can replace petroleum-based
plastic and this material is also
biodegradable.
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Feed

Tapioca chips, pellets or pulp are used as an
Ingredient in animal feed. Pellets that contain
2% protein can replace grains by mixing with
soybean meal. Cassava leaf containing 20 - 30%
of protein can be a supplement for cattle during
summer when grass Is scarce or it can be mixed
with chicken feed, making the yolk redder.

Tapioca can be used as feed ingredients,

& ©when processed by using a similar process

- as monosodium glutamate production. It is

converted to essential amino acids, which are

used as feed supplements — prebiotics and

probiotics. However, the production volume of

Ve feed ingredients and supplements is not as large
as tapioca chip production.
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Fuel

As an economic crop, Thailand can
produce about 30 million tons
of fresh roots a year. The roots
contain very high starch content
(70 -85% on dry weight basis)
and can be employed as a feedstock
for making alcohol with the
concentration of 95.0%. After
distillation, the purity increases to
99.5% and it is called anhydrous
ethanol. Both of cassava dried chips
and fresh roots can be used for ethanol
production, by hydrolyzing starch to
sugars (i.e.glucose)andthenfermenting
glucose to ethanol. Around 369
litres of ethanol can be produced from
one ton of tapioca chips.
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ilatniantusanlsllwauiniu
wuBuludnsi 10, 20 1a: 85 dau
fusogdou Aawsnlddudniu
iBoIwavdnsusneus1a Sen
91 Ifialsgoed (Gasohol) E10,
E20 1a: E85 m1ualtnu nasun
Judnu:-ravllwanidunoanagod
na=i§iduwavaunamnu Kseilu
wadgunwiden uidunsiwy
AYWdATYVaITUd:=HaNIlU
Jouuiiazaunnm

Pure, anhydrous ethanol is
blended with gasoline at the
ratio of 10, 20, and 85 parts
per 100 parts, this product
IS known as gasohol — E10,
E20 and ES85, respectively.
As a raw material for an
alternative energy, cassava
IS even more important in
the future.
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As the world is seeking for
an alternative energy, energy
from plants is considered a
notable source of renewable
energy or green energy. In
addition to sugar cane,
cassava is an important
renewable energy because it
can be cultivated anywhere.
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~ OUR DAY WITH
- GASSAVA /TAPIOCA

1 JuNuUuUaNU:=ray

@ SELLING OUT

aouldganiunu
10viudU=navgoeindoudulenliau
IS9U 1VaISIAINU azguwauluwaninurd
sadSeuIogosnusUaNAoY

Putting on clothes
Cassava starch is used as yard

IUsywunavauuaunouisg
TugnawuiddouwauvaJsosinoa
anstinounounUssy
Mndudu=nas luimtAwuw

Brushing teeth in the morning
s ? _ i Toothpaste contains sorbitol, a sweetener
; ) .!1 processed from cassava, which does not cause
dﬂ“’_ tooth decay. :
- - |

nuganaulviuau N g o

. e - : wnwaunuluhadlianyiu -
10voudd:raundunoRoaniunndsanazenin nazg9o . L . L _ .
. e e wWastasniinlidnauisnidninidududnu:=nav
Trens=1enazoonnnsAISoagvu ndvounidu

e . 10usdalTIidnAnauIduNLUKUT 1VINSY 1aznuNIU
woaluasaugaglhandanuidunivig

MiKeoannnsTagmazuluiu Relaxing at home after work
Furniture pieces are often made of plywood,

coating that makes threads glossy,
smooth and durable. In addition, it is
usually mixed in ironing starch spray
to stabilize the shape of threads.

Taking medicines before bedtime , , , N
~ ) ) A which relies on tapioca-based glue for durability
Cassava starch which serves as diluent and filler in

and strength.

capsules and tablets helps active pharmaceutical
ingredients activate faster. In the form of a polymer,
the starch can form a network, which can control
the release of active substance.

r’
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AUDINISIBN 19:1AUUNTUS:KIWTUSHIURIU
gudU=ravidumsTulansnwauluvudy Tdnson 103lufaudu=rnaviuwaniduioniuea (Ethanol) T6
1Wuaistkaouroulungy na:gogfunisazany guidotinlUwaunuirouivugue:Tmdudoiway
la:IWuUsUInsTuAsuIfen ; RI3endn fialsaad (Gasohol)

Having breakfast Filling a tank on the way to work

Cassava provides carbohydrate in bread and sausages. Starch from cassava roots can be used to produce ethanol.

Plus its starch is used as a sweetener in jam and When mixed with gasoline, it becomes gasohol

as an ingredient in non-dairy creamer.

AuvIKISNAIIU
TuiduroeiRgonazusni UuéwU:hé\ldoslvTiunmu|h080||a:5ﬂhq'uIu'vm\ha o
MgIEaIWUANUTUKTAT o asv 1Tuanstinouroulutindnauia:tinwally onnavad

gunstidtinunu 15U N9 ns:Ay Doudl:=ragidu
Having lunch | doudsznou mannnduudl=rasinluETunisuan
With cassava starch’s property of increasing elasticity, it is mixed $099arug nanud ainines seadilivos
in noodles and egg noodles. It also increases viscosity to sauces, IIa:aouvo\]t?uns:mUan!n

and sweetens carbonated beverages/juices. |

Using office stationery
Office stationery like glue and paper contains

cassava starch. Moreover, glue from starch
is used in making envelopes, stickers,
wallpaper and corrugated boxes.
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SPECIAL
CHARACTERISTICS
OF CASSAVA

ANUOUWIABVOIJUSIUHay

“Judu=rnas” 1Juwsenaunaudunuauiniu
dszinAlng TASun1swaiu1 ARldandtgwusoula
AUANUU=NANEA AJWWIABYOITUAIUHAY Uan9IN
9:=Uanvudne Tuguennd guanuisnlgus:Tosdliodny
AsUGoU MsaN (Faiiu) a6 nazTu dlundssulusdiuu
vouduidu Judailia na=nduiiunds aruanurunausndu
9nITIdnogKlvvesdudU:naviuls:inAlngdo Wus
ndsznalngliurvanduiduwusnvaonn1saaisanig
Wusnssu (Non GMOs) dviipdwdaonnegu
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Although not native to
Thailand, cassava can
be cultivated in Thailand
and further developed to
obtain the best varieties.
In addition to being easy
to grow, cassava — roots,
stems and leaves — can be
used for various purposes.
Its roots can be made into
chips, pellets and starch. A
distinguishing feature of the
Thai varieties is that they
are non-GMOs(Genetically
Modified Organisms).

WONDERS
OF TAPIOCA
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o |

SOK

It can be said that Thai tapioca starch
is “colorless”, “odourless”, “flavorless”
and “nontoxic”. [t would not adulterate
- taste and appearance and most

specifically it is non GMOs.
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All these characteristics are
good for the food processing
Industry, because It can
reduce costs, in addition
to being safer. Thai cassava
starch is, therefore, the
cutting edge of the industry
In high demand.

Thailand can produce the best
quality cassava products and

export most of them. It is a
leading country in improving
cassava varieties and tapioca
processing.
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FUTURE USE
AS GREEN ENERGY

nslus:lusuluounnm (Green Energy)

Green Energy Wawnuaiga Ao mstdidoiwasan
Au U1 au Iwundudnaniu nstrdaaimdeldnig
NISINYAS 1EU INAU 81Ud09 1AVIU KSove:Bouoa
ilaun ns:zianautunzia UNdgnwisuiaguans
Iswuanarnssunatndadonw tins:iaaukso
wavau nazwadgvunavoinmng uilsiainads:Tesu
nswanns:znalwwhlagld biogas anvadidaanlsiviu
AumsigiudU=rasiumsanuania:nokiy

Green energy utilizes natural resources (including
soil, water, windandfire). Inaddition, italso utilizes
agricultural wastes (rice husk, bagasse, wood
chips or organic wastes), steams, waves, waste
water from animal farms or factories, wind and
sunlight. Biogas from starch mills could produce
clean energy electricity from waste material.

140 o°5Fces

Book 1.indb 140 7/6/2560 BE 11:14 AM



Book 1.indb 141 7/6/2560 BE 11:14 AM



142 oFnricea

Book 1.indb 142 7/6/2560 BE 11:14 AM



Book 1.indb 143

“Judnl:ray” AIvINsS:uosuNIs
onairnssundssdndy 9:0nany
rANUE:01A 1aziniAynINTURIKAD
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9:tmdunaryidelulus:nanuania:
agTutndguarindululofits 59goe
aﬂﬁur!uiumsﬁﬁﬂﬁmﬁa

§ In cassava starch manufacturing
§ process, roots are washed and
§ starch is extracted from rasped
: roots. Some starches are lost and

s==~mmm discharged in the solid waste and
wastewater, which are used for
producing biogas. The biogas can
be utilized as an energy source for
drying starch in a factory which
can reduce the energy cost as
well as the wastewater treatment
cost.
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Biogas, usually referred to methane is obtained
when the components (carbohydrate, protein and
fat) of organic substances such as animal wastes,
mud from wastewater, wastes from animal feed or
compost are broken down by bacteria. Then, acetic
acid and hydrogen are obtained and eventually they
are transformed into methane and carbon dioxide,
which then rise above the water surface. The gases
are collected for use as fuel for boilers in the factories
or fuel for the drying process.
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W&Tdﬁuﬁﬁaofﬂueiounﬁ\lvadqmmhnssuﬁn‘/ao (Green Industry) $u9:0unun
| aAnyluaunm alhAdudAYNUAVIoRdau nsiEsausanazinalulagduilu
| asfuduiondeus:dunntu ndviudu:nassatusnnauiasanlutaty
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i&ulounlu 1ugiu

. Green energy is a part of the green industry that will

4 play an important role in the future of our industry since

#. environmental concerns have become increasingly

significant. Environmentally-friendly technology and

biomass are solutions to environmental problems. Cassava

can be used as the raw material for producing bioenergy

such as ethanol and biogas, organic acids such as lactic,

™ citric and acetic, sweeteners such as sorbitol. Some

ow chemicals can be further developed into biodegradable

materials such as biodegradable plastics, resins and
nanofibers.
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With the help of technology, cassava starch
with special functionality can be tailor-made and
diversified. To serve continuously increasing
consumer’s demand in health food products, one

s 2y, food products using tapioca starch could
be developed for the elderly who have problems
with digestion or ingestion or for those who have
diabetes or brain disorders.
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Green Industry ho NS:UIUNNSBISUAIABOUR
FUAUIAAVIOASOU ASOUAAUNNAEWATIAIANAU
NS=UIUNISWARN NNOEWI:=FOIIIUTASUAIIIAFOU
oldnuiaiendo gogaanaiuansuaulnoanlss nau
uasinulaTuauranyaanda ndvdudnd:=rnay
5uI0unduninoIuUSansay aw1snwannso
Wagundavwannour lirainknalg 9:1V1u1i
unuanaAnylunISWIUTWaIIUEIvE9 Sauiiv
onannssudvganall

The green industry is a process
that is responsible for society
and the environment by using
environmentally-friendly raw
materials, manufacturing
technology and recycling
wastes. Cassava starch is a pure
starch and can be processed
Into many products; therefore,
it will play an important role in
the green industry.
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Cassava can be a miraculous
plant because every part can
be usedand can be processed
Into many products such
as food, beverages and
daily consumable items.
By modification to alter
structural and chemical
properties, cassava starch
can be used in various
applications such as
pharmaceutical industry. In
the future, cassava can be
developed to be the base
for a clean energy that could
be renewable, recycled and
environmentally friendly,
leading to a valuable source
of green energy.
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THE GENESIS OF
DEVELOPMENT

JIUUNNISWHRJUN

Starch is a source of energy for
humans and an ingredient in food
and non-food products. Currently,
Thailand can produce about 5 million
tons of cassava a year, most of which
Is for export, and is the leader in
exporting cassava products.

ividunkaswaviuvesuyugiaziudouwaunwy

TrTuonsnalu sounuidudouwauiugnarnssy
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1 9Iud1UznavnanauIINA?
Judnu:=rnavan sendn ndvau (Native
Starch) fun1yamairnssuiniIsun
IJIAUIVIgNS=UIUNISNIVIADKSO
NS:U2UNISNIINIENIWIWOTH
AAUUAIKU:dURN 09NATHNSS
lawn:ze8 [naisennlygudiu=nay
nwiuns:zuouniIsIWaln Uty tu
onannssuan iduanus (Modified
Starch)

Tapioca starch made from fresh cassava roots
IS called native starch. For industrial purposes,
native starch is usually undergone through
~xsmmmm chemical or physical processes so starch
properties are altered to be suitable for certain
purposes. The processed tapioca starch is called
modified starch.
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Judnu:nasluaniwsssusalkndun
iR UKraINKaNy ANMNWBBUR
du 15U V1olwaANdwusT9IwAsan
ndudna (Dnoedlaaus:zunru 28%) lla:
wusnluUnolaanazgnedlawniu
gy 189n31 Waxy Corn Bundviinou
Intigona-iAuanyu=wiAY IRdnsu
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Unlike corn, cassava naturally
provides starch with low
biodiversity. Corn can be
classified into corn with
normal starch (containing 28%
of amylose) or waxy starch
(containing high amylopectin
with no amylose). The starch
of the latter is very viscous.
In contrast, there is no waxy
cassava starch, occurring
naturally. Waxy cassava has
been developed through GMOs,
but it has not been cultivated
at commercial scale.
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A191 Waxy u191nn1sisgnanynu=using
vaunduntiaoulanazanuiktion V1olwa
V19 na:0uwsid Waxy luaniwsssusin
Isigudu:navlud Waxy A1ssSusIn v
FovinnvAauluwuns:zusunisiwanangidu
1dunnnds (Modified Starch) drSuunlu
[§luamainnssu

What is WAXY?

The term “waxy” is named after
the transparent, glossy and sticky
appearance of starch found in
waxy corn, waxy rice and waxy
potatoes. However, there is
Nno waxy cassava starch occurring
naturally. Therefore, starch from
normal cassava sometimes
has to be modified in order to
possess these properties for
Industrial uses.
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n1snfovinnlvIusssSuB1ALaN
, 10U (Native Starch) uiaaNus
(Modified) n1viABIATAAUEANYIU:

NIUAIIUADINISVANANAT IIU9:D
Vornst Mdunduniininuriluag
MITUIOVNTANAN B WIAY 15U
Waxy Corn Suiduntauna:isinngy

Although modified starches
have some advantages, they
do contain some chemicals.
As a result, in some certain
applications, waxy corn
IS more preferred and can
fetch higher prices.

L VRN
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Rice
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Corn starch has the
largest share in the
world market because
It Is multipurpose in
nature. Like corn, rice
IS also multipurpose.
Rice can be classified
Into normal rice, rice
with high amylose that
IS suitable for making
noodles and sticky rice
with high amylopectin,
which is called waxy rice.
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139y Waxy Cassava IWawamu
Waxy Tapioca AUAANUU:IKDU
nSoIrtond1 Modified Tapioca Starch
IAdnswaunusiudu=nanidu
Iy Waxy nognssuaSNISWUsIAoNSsL
K$oNISINIINISANR OWUSNSSL
(GMOs) st A.A. 1993 Tngldwus
Adira 4 vovdulatidauinnidadiridu
10v Waxy naznadouniswanfuds:inm
aulndide uenaNUUGIDnsivel
ArU:39991nUs:INABUAUS=aUADL
g159Tun1sivaguiudu=naswus
TMS 60414 91nnawsnaiKidu
10y Waxy 16i810unssudsnisangio
Wusnss (GMOs) 1sunu JeqUuavlii
Wus Waxy Cassava SSSUB5 IWOWAR
10y Waxy Tapioca 1ag
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Recently, waxy cassava
has been sought after
so that it can be
produced into waxy
tapioca starch which
IS tapioca similar or
superior to those of
modified tapioca
starches. Since 1993,
waxy cassava varieties
have been developed
through GMOs by
adapting the Adira 4
cultivated in Indonesia.
A Chinese research
team succeeded in
adapting TMS 60414,
which was originally
cultivated in Africa.

WONDERS
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THE CROSSING OF
WAXY CASSAVA
AT GIAT IN COLOMBIA

NISAUWUIIA:WaUwWUS Waxy Cassava

NAUYINUASIVASOULNUNBIA (CIAT)
Js:inAlnasuity

AUGINYASIVASAUUIUIBIRA (Centro
Internacional de Agricultura Tropical: CIAT)
Mogniiauna Us:inAlnasuide Tawuiiu
dU:naunangwus (Mutant) [ngsssusIf
noanuou:WiAuAo Dioeilaan naznailad
WNAUE IFwAaLanUIN Tikon=sionsuan
IBIWITUBEY
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The Centro Internacional de
Agricultura Tropical (CIAT)
in Cali, Colombia has found
a natural mutant cassava
with special characteristic,
l.e. containing low amylose
but high amylopectin. The
yield, however, is very low,
which is not suitable for
commercial purposes.
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JulAdn1sddeAnAuUlNBoWUSTUAUnAVdUoUKaNBWUS N
IfUSoUSIUTITUIKEISIUSIUWUSIWAURIINEIN 1 (S1) AVIIG
U A.A. 2002 (W.A. 2545) dnSUWRIUNEIEWUSIN (Inbred
Line) IWowanwusanwau (Hybrid Variety) 1a:n1Swausioloy
nlAanuruzAoe (Recessive) A9 r‘iuuldosﬂﬁnamaanm U
wuanunu: Mutant Waxy Cassava

QUNS=MITNISSIBIIUTT dWISOWAIUNAIEWUSTUSIU=HEY
Waxy RiduwusonnisnatgwusIngsssusa ud A.A. 2006
(W.A. 2549) 10uASuIsn Ao Juanu=navargwus AM 206-5
isfgvIuawanmviuimunzaudnsuiinisAlagnsy

As a result, the research team has inbred many
varieties since 2002 to be further developed into
iInbred lines and hybrid varieties at a later date.
Such inbreeding reveals the many recessive
qualities of such varieties. Eventually, a mutant
waxy cassava was derived.

In 2006, AM 206-5, a natural waxy cassava line,
was developed but the yield was too low for
commercial purposes.
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yatSanouwsuusugu:rnav
RIERLGIGEIENMETTRR
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WonvAIUIT uyuvavlan
funiswasnidvrnainnangsiunla
[uaunAR MunawMssnAUKLN
vgrgnisugnuudu=navsin
iAuvoIUs:INAoudU 13:919
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WilAanduleauuauuunu
N1SI9eWRAIUNTUEU:-HABTR
InUgd Waxy Cassava SouUnu
CIAT lng9:auuayunisivy
Wsuunsioitieuilus=e:na1 5 U
Wolhanewusuilanveneias
AnidenwusnUs:nAlnasialy

ZCIAT

Centro Internacional de Agricultura Tropical
International Center for Tropical Agriculture
Consultative Group on International Agricultural Research

Realizing the potential of waxy
cassava, the Thai Tapioca
Development Institute
financially supported the
joint development of waxy
cassava between the institute
and CIAT for 5 years. The
developed varieties were
selected for cultivation in
Thailand.
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Waxy Cassava [n9Sv yaUuSani0uwsun
Judid:zrnavinads:zinaAlnelddvanu=an-
JSudsuwuguuad=nagannads1wslsun
ADUZINBAS UK1INI1AIINBASANARNS
[Ugugudinymsivasauurursan (CIAT)
ilovA1a Us:inAlpasuile 1Wavisou
duinnanargwusouailnay AM 206-5
undv Waxy 2959nsolu nanwudnondy Waxy
95y Aaduauuni1sIewWmuIdudIU:rnav
wusndv Waxy siall
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Funded by the Thai
Tapioca Development
Institute, the team
of cassava breeders
fromthe Department
of Agronomy, Faculty
of Agriculture,
Kasetsart University
flew to observe the
development of AM
206-5 and tested
whether this variety
could produce waxy
starch.
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Aruz91nUs:zInAlnglA s ouduing
nasifuineaiudl=navargwus
AM 206-5 llazNAdoUITKIVOILU
dU:naunlau1tndy Waxy rnso
U nasnadaunilAsognIsKen
arsa=ane Kl (IJinaisaulololas) Tu

nscinidundadni 109:10uzuniNu
WU Kanidundy Waxy ndve:1dud
Unmnaliadg $owanisnadgouwudn Ou
dU=navarewus AM 206-5 Didy

Waxy 95V
The test was carried out by dropping
" a solution of potassium iodide (KI) on
g the roots. The solution would turn the
§§ normal cassava starch a dark blue but
§§ turn waxy cassava starch a reddish

RS

«excommmmm Drown. The test proved that this
variety contained waxy starch.

169 o°nFces

Book 1.indb 169 7/6/2560 BE 11:16 AM



navaInadinalaznagounds Ilen,
VonnavadIusSIulonus:KINAUEY
INYASIVASDaUUIUIBIRA (CIAT) NU
yaluSani0uwmuroudiu=naunny
UszinAlng 1WosoulowsmuIwus
uuanu:navndv Waxy dmsuus:inAlng

ioidoudurny w.A. 2551

CIAT and the Thai
Tapioca Development
Institute entered into
the agreement to
develop waxy cassava
for growing in Thailand
iIn March, 2008.
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VARIETY SELECTION
AT HUAY BONG

NMSARNIZONWUSNAOUUY

MS33eWisuLN CIAT UszinAlrasuite nalfinisatiuauu
vouyasanmuus IHAGuUagsioitiov aulul w.A. 2552
(CIAT) Tidvindnwusanwau F2 vavangwusily Waxy
(AM 206-5) lla=WUSFN nARSEUsnUSURIGTuanw
1oAGouvaIUsINAINg $UUNKUA 16,353 1WER UIWO
Uania=AniFonsiuiius Waxy Cassava IWoIduwus Waxy
Cassava inu=e:TUlanveneBawtisgsiolu

The work at CIAT funded by the TTDI
was concluded in 2009 and CIAT sent
16,353 seeds of the hybrid variety (F2)
of AM 206-5 along with other varieties
that were supposed to thrive in Thailand
so that suitable waxy cassava varieties
would be selected for propagation for
commercial purposes.
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fu T@dudunisRanICuwsun  wWus [newaounsiuia:weistungiiu
Judiu:zrnay navanoguy 91no  dnavaulpionld Waxy rnsSolu nan
AIUVUNA FVKIAUASSIBELT Vou  KoTUAU=rAIRTFTTRIDN Waxy fisiog
YalSaNUIUWAIUITUAUHATIKY  ARDON SOUMIWRISTUNINANBIU:VOY
ds=inAlng Tul w.A. 2552 - 2553  @1Rud1aunsIna=insyAuanysn
TnefiuuanUSuUsIuSTud:as  iwelkindosiunauysniludanAniden
1NN1ATBIWSISUIAtUzINEAS s Tunsdinidundy Waxy I#d&u
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WugisugInnisuaniazAniden  Anoon
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The seeds were sown and after 10 months
16,000 seedlings were selected to be grown
iIn a controlled plot of the Institute at Huay
Bong Village, Nakhon Ratchasima (Korat) by
the breeders from Kasetsart University. The
seedlings were selected based on the waxy
starch content and proper shape and size of
plants.

lun1sAnideniusifia:ASy  The ratio of each selection was
Auwuge=gnAAIdanIAUIIIU  1-10 dyring each cultivation
ons1douls:tu 110 ukias  herind The selected cassava
was grown so that its stems
could be propagated. Its yield
was compared with that of
the existing varieties that
were cultivated in the same
environment.

naAn1aiwzdan KaveIndu
infuwusnAmdeniduadan
IWOVE1WUSAIINOUWUS
1da3vunldugnivssuingunu
JudU:raIwusIAuRdoy
Anognasugnidseuingulu
anIwiInasuIngonu
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NIsWeuWwusSoudaU=1naandy Waxy anauldiu
goyl w.A. 2553 - 2556 ISgnlAdlEIoarlunis
WauIWus Judu:zraundv Waxy sou 4 Uil
910 16,353 10A UIW1zIazUan 16,000 Fu Na:
ARRa:VUROU UIKG0 3 AUWUS BulATudU=nay
10y Waxy 91u9u 3 a1gwus Ao HBwx 09-989-9,
HBwx 09-19-2 lla: HBwx 09-635-4 lla:[fify
sHatodn TK-WX1, TK-WX2 na: TK-WX3
A1y 1IJuanewus Waxy Cassava WUs
sssus1AgAIsnvavlan na:navenuu auifs
WS:INWSAUSIBIAT 9 d810ususS1BnuUIsS [n
WS:$18NUBaWUS 08 1910uN19N1S31 HBwWX1,
HBwx2 l1a: HBwx3

Four-years selection and propagation process
between 2010 and 2013 and from 16,353 seeds
only three varieties —HBwx 09-989-9, HBwx 09-19-2
and HBwx 09-635-4, considered suitable for
propagation and growing in Thailand, were selected.
The first batch of the World’s first natural waxy
cassava varieties were graciously bestowed
the official names of HBwx1, HBwx2 and HBwx3
by Her Royal Highness Princess Maha Chakri
Sirindhorn.
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k3 . External color of root: Dark brown
N - " Root pulp: White
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Apical leaves: Purplish green
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Petiole color: Reddish green
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External color of root: Dark brown

Y gongou : divggou Root pulp: White
Apical leaves: Light green at 6 months

v iulu : Giveseunay
Petiole color: Reddish green
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1o : &v19

no1¢ 6 Idou
External color of root: Dark brown
Root pulp: White

at 6 months

VY gonoou : dIvgiouuad
Apical leaves: Purplish green

« wlu : Gimvduivys

Petiole color: Greenish red
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fu3un 8 Gu1AL W.A. 2556 AUIUTNUSUUSIWUSTUAIU:HAY
91NNIADEIWEISUT ATUZINYAS UKIINEIABINYASANERS [AdV
vaududU=rnaundy Waxy 91uou 3 anrgwus (hnuyatSaniou
weuurdudu:zraviiedszinalng fiaidudunkindiudnisavey
MSWAUIWUSTUd1U=KaanTRIdy Waxy yatsanius TSy
nmsuanvengludisn naze:vensludsiall welKDUSUIULAN
waluniswanidy Waxy Tapioca Tuigywacugesiolu

On March 8, 2013, the Kasetsart University
team gave the three varieties to the TTDI.
This was a successful development of waxy
cassava varieties. The TTDI at Huay Bong
propagated the selected waxy varieties
and subsequently distributed to selected
enterprise for commercial development of
waxy tapioca.
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fugovioaningonuAunISARIdan
dangwus yauSaniuud [Aav Waxy
Cassava [Uanaidundy Waxy Tapioca
lazNA&oUdIAS1:KATUAUURAVIIUY Waxy
nnd wan1snAdaudIAsI:K uguuBAdn
1. UszinAlnglnwsuuawus Waxy
Cassava [(1954 azisunisuanveng

2. Waxy Cassava nla Idounanaidu
10y Waxy Tapioca DACUANUU:WIFAYISY
A9 UAoWKUAgY Tandn 1aAIIuATIMD
urund Ineluisavidasinbuinands 15u
Modified Starch

During the breeding and selection processes, the TTDI
processed waxy cassava into waxy tapioca starch and
tested its quality in each subsequent year to ensure that:

1. Thailand has the capability to process real waxy
tapioca starch, and

2. the waxy cassava starch maintains special properties
of higher viscosity, transparency and more stable quality
comparable or better than chemically modified starch.
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W.A. 2549

2006

AT W.FI. 2549 AUGINUASIVASOUUIUNYG
[Centro InternacmnaLde’:hAgarlcuItuhrai Tropical (CIAT)] WA 2551

- wuaewuslud=nanidu '
WUS9INSSSUBIANGITY Waxy

2008

In 2006, the Centro Internacional s _
de Agricultura Tropical (CIAT) discovered \ : : /
a natural waxy cassava variety.

e | InOUDUIAL W.A. 2551
yatusanouwsunsudid:nadgisads:inAlng
nvannadsounuAudInyAsivaSouuu1sIA (CIAT)
W& U:nauWuS I Waxy Tuds:inAlng
In March 2008, the Thai Tapioca Developrﬁent.l'nétitute (TTDI)

signed an agreement with CIAT to
develop waxy cassava varieties in Thailand.
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] WA, 2552 - 2556 fiua1ulnUSUUSIWUS DudU:nay
| NNMATEITBISUT ACUSINUAS UHIBNENABINUASAIERS
| Wrayuwusudu=navwusnde Waxy
NanI0UWAILATUAU KA
AUARO8UY 811IN9AIUVUNA TWHIAUASSIBEUT

Between 2009 and 2013, the team of cassava breeders

from the Department of Agronomy, Faculty of Agriculture,
Kasetsart University had developed waxy cassava varieties
at TTDI in Huay Bong Subdistrict,
Dan Khun Thot District,
* Nakhon Ratchasima Province.

W.F. 2552 - 2556
2009 - 2013

3uf 8 DuAL W.A. 2556
AuvIUONUSUUSIWUSTUA1U=na9nn1ATs IR sISUn
W.F. 2552 .. ANUZINUAS UKIINE1FLINYASAENS

2009 - duuouudu:raundy Waxy
91U9U 3 @8 TANuatsaniou
WauunudnuznankaUs=inlng

On 8 Maréh 2013, the team of cassava breeders from
the Department of Agronomy, Faculty of Agriculture,
Kasetsart University gave the three waxy varieties to TTDI.

=X

W.A. 2552 AudINUAsSIvaSauuIUBIA (CIAT)
duiudnwusanwanvoy
Judiu:=navarewusndy Waxy
u1gvus:inAlng

In 2009, CIAT sent seeds of
hybrid waxy variety to Thailand.
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INVESTIGATION INTO
WAXY CASSAVA AND
ITS BENEFITS

N1S2vunnUaUURVaIIUY Waxy la:us:lgsu

voulluy Waxy

Starch is composed of two
types of glucose polymer,
namely amylose and
amylopectin.

1JuUs:znoudogwodinosniuinianalna

I0uavAUs:nau 2 50n Ao lolaa (Amylose)
nifavInuImanalaanoAuiduiguns.
la:znoolaiwnfau (Amylopectin) NUIANA
nalpauanvina:zAanuid uidunsangs
JIIANAVAIUAINADY
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10v0udl:=rnaviiesndundeninnainas
wavadna:inouKiingy Idondudusoay
p:0anuru:Ta lwnunav ndydudnu:nay
WiAauoAtunisiduastiiAauvunin
NAna:iansIn1sauanIngmdaviolwe
sssuUA1 agWIsAn 1090udU:=naunts
funvanannssuRawIsNINANISAUAIIA
iwsa:OnodlaaiduavrAds=noulundy v
nodlEndvannds (Modified Starch) Tun1y
omannssuIWolR FIluNDAUALTRIKD:
duNUOREINNSSUATURIN

When cooked in water, tapioca starch has high
swelling power and provides paste with high viscosity
and high transparency. In addition, cooked paste of
cassava starch is more stable than that of normal corn
starch and is preferred to be used as a thickening agent.
Nevertheless, tapioca starch can retrograde or setback
over the long shelf life, due to the presence of amylose.
Accordingly, modified tapioca starches are preferred in
some certain applications.
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2 uannIdmduoudrl:navstinsssun
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The properties of waxy tapioca starch are
expected to be similar to other waxy starches,
l.e. cooked paste having more transparent,
viscous and freeze-thaw stable than that of
normal starches containing amylose.
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Properties of Waxy Tapioca Starch

Waxy tapioca starch does not contain amylose.
In the laboratory, the extraction process of
starch obtained from the waxy cassava roots
IS the same as that of the starch obtained from
normal cassava roots.

In terms of the physico-chemical properties, waxy
cassava starch without amylose provides
cooked paste with more viscous, transparent,
stable and has better freeze-thaw stability (or
low syneresis or weeping, a process that water
IS expelled from the starch gel) than the normal
starch containing amylose.
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Us:Togtivaundv Waxy

1dy Waxy awuasnldnannund
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A9WAYAIEY Bnmiguiknduidenn
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Benefits of Waxy Tapioca Starch

Waxy tapioca starch can substitute some
types of chemically modified starches due
to its distinct properties, i.e. more viscous,
transparent and stable cooked paste
with better freeze-thaw stability. Waxy
tapioca starch, therefore, can be used in
food and adhesive industry, of which high

paste stability is needed.
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qalAuvadiNdygudid=nav
Waxy Ao diu1snpauduoy
AU INISVaVE USINAISal
tuoAAnIsusinAavALI9IN
sssusA 1ws1zidundvnlaon
91NNSzUIUNISAAIUSNIVIAD
UaNIINUGVTYAIA UIKTOUMU
1JIJud1U:nausssumin
IMNFENITY Waxy sUAdU
(ndav1olwa ndevnoides) Ao
1JundenasnannIsanie v
NWusnssu (Non-GMOs)

More importantly, waxy
tapioca starch is a solution
for those who would like
to use natural substances
because waxy cassava has
not been developed through
the GMOs method, unlike
some waxy corn and waxy
rice varieties.
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fusiuningnarnssy Buidu
Wi ndawoniswannd viju
Gu ndygudnu:=nay Waxy
dasnivauinaulangniswan
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guidund yniAouvI9Na:
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Tandvidennta nazndy Waxy
gupruauuninbounund v
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aﬂﬁumeuua:aﬂﬁur}umswém
In a@wasniavunuintdy Waxy
du Buds:AusIMaIndMduna
[Aduognus

Regarding industry, waxy
tapioca starch can be ideal
because it is white and pure.
When heated with water,
It becomes a transparent,
viscous and stable paste like
some chemically modified
starches, but does not
contain any chemicals left
from chemical modification
process. Waxy cassava
starch, therefore, can help
reduce the cost of production
and so the price of waxy
cassava starch is very
competitive to other waxy
starches, which are higher
than normal starches.
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