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Cassava starch processing technology
and its application in China
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Tapioca Industry Situation in ChinadhEARE g =157

Cassava, as one of the world's three major tuber crops, is a non-food resource with many excellent natural characteristics,
such as wide suitability, drought resistance, barrenness resistance, easy cultivation, etc. Currently, China's domestic planting
area has been declined, with statistics in 2020 at about 300,000 hectares and fresh cassava production of about 5-6 million
tons, with planting areas in Guangxi, Guangdong, Hainan, Yunnan, Fujian and Jiangxi, etc. of which Guangxi cassava

planting area and fresh cassava production accounted for more than half of the national total.
RENER=ZRERENZ —, JBTIPREE, BAFZIRIRBEFE, W&tk w52 3. mme. o Hbs &5
st HBTH E E AN EAR A TR, 20205E S BURAE30 ST A WU A, B R 29500600 /5 M, MR MX AR EE) TR TR
HEr . = RIS, Horp R E M E AR R S B T e E R EN R

At present, China's cassava starch production shrinkage is more serious, but the downstream demand increases tremendously.
The apparent demand in 2020 was more than 3 million tons, with cassava modified starch demand from various industries
exceeding more than 1.7 million tons. Due to the undersupply of domestic cassava starch raw material, the huge supply gap
needs to be plugged by importing from Southeast Asia, and the rate of China’s dependence on foreign market in terms of

cassava starch 1s up to 91%.

H A d E R Z e W B E 080N ™E, B NHHRMEE LR, 20205E48H R M TR E#T 730050, &4kt T AR 2 AR ik
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Cassava ecological cycle industrial chain in China
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The source of starch




What is starch A4 238#?

Starch is JE# 2
"a white, odorless, tasteless carbohydrate in the form of granules or
powder that is the primary storage of plant carbohydrates, an important

foodstuff, and can be used as binder and paste in laundry and medicine..

I, ER. ERIERER AT LA, R amylose
BB L SRR, —FEEN RS, k. L Bk A
3.

Two types of starch polymers exist in nature -

amylose and amylopectin ewon il
H IR FAFAE R IE B B S WIS —— E B TE M M SCHETE . 0

amylopectin



e common corn (grain) & E K (£4)

e waxy corn (grain, with more than 99% amylopectin)

BRER (B, 99%LL E oy EEE )

« high-amylose corn  (grain, it refers to products with more
than 50% amylose content that 1s incompletely gelatinized at
room temperature )

BESEIT K (B4, wEEENR & EET500A LR~ m, ¥im
T2




swheat(grain) /) Z (4 47) erice (grain) AK (&47)
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* Visual appearance: small white powder, odorless E¥i: 41/ A ERA, LWk,

- Micrographs: diameter of particles from 5 pm to 100 pm; with Maltese cross in
polarized light B F: kit NomZE100m; IR T A Wia+ -+

diameter of particlesfifs (m) Micrographs of particles$iki & isb M
potato 4% 5-100 oval BPFE . HHIEITE
cassava/ 2 4-35 circle, one end of the circle is truncated[#. —um#iaZ
corn kK 2-30 circle, polygon[®. £ ME
wheat/N 3 2-35 circlel[d &

rice XK
waxy cornlifiii £ oK

3-8 polygonZ% ffi It

3-26 circle. polygon[@T¥. £ M ’




assava production line diagram
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The cassava roots are transferred to the root hopper and then its dirt will be removed by a

rotating slotted drum and finally the clean cassava roots are fed into the washing tank.
ARZERR P PR, IR B (0T R R RS FR TS Ja, RIS s FOAR B AR R G




The cassava roots are lifted by the paddles of the washing tank. Then, the peel is
removed from the cassava roots. The peeled cassava roots are cut into 1-2 cm of
pieces by a cutting blade and fed into a serrated grinder, either vertically or
horizontally, whose fibers are removed by conical screen in continuous centrifugal
perforated basket. Recently, extractors equipped with curved screens have been
introduced to improve filtration efficiency. The starch slurry from the coarse extractor
that crosses filter cloth and sieves with apertures of 150 microns (100 meshes) to 125
microns (120 meshes) still contains a large amount of fibers that must be removed in

the fiber extractor equipped with a sieve whose apertures range from140 to 200 meshes. e

R ZAR M I YA S I E AR L . T — B BMREAR LFr R B . il VI )
U2 KB HCIRY), Rl NG RIRP T AL, AT DU 3 B A Bk, Hop
g AR E O F LB IR EE R . i, 9l 7 EC& Sl i a4
H a8 AR =i peReR . S I BAS B3 b K RHEE A DeAm A L2 A 15050k (100H ) &=
125500k (120H ) WITRR, 9K &H KERF4E, UIAER Hal) A 4ii g g 2. 7
N (140-200H) .




In each extraction stage, the desanding hydrocyclone will be used to
ensure the sand removal. Additional filters, such as rotary brush filters, are
installed to prevent the starch clumps. Repeat the extraction of the pulp
from the coarse extractor to minimize the loss of starch captured in the wet
pulp (moisture content of 60-70%, dry basis, containing 45-55%

starch).The starch pulp collected from the feedstock is extracted at a

concentration of 20-35% (10-17"Be'"). The starch slurry is further

concentrated to 40% (20" Be") by a hydrocyclone.

AR B AR @ fr b /K Jueii g, AR S e L bRV 1. AN
pERs, Blanieie pdpEss, DRt b mBiad . ERFEECR A i
R g, DAE AR RamisR e fn ks OK & & N60-70%, +
B, EBiEk A N45-55%) o MR ISR e Ry K HE B EE 20-35%
(J3E10-17° ) o fFHRARE IR KB — Pk 4E2£40% (20° JH3FE) .



To produce raw cassava starch, the concentrated starch slurry 1s

dehydrated 1n a horizontal centrifuge to produce a starch cake with

a moisture content of 35-40%. The high moisture starch cake is

then placed in a pneumatic conveying dryer to reduce the moisture

content to less than 13% before packaging. The starch dust lost

through the two hydrocyclones can be recovered by a venturi

scrubber or filter bag.

N T AEFAARF R GE N, Rk ge RISk SRR R 5
LA B K BLP= A2 7K 9085 o 35-40 % HIBE A DF o
IR 5 R TR R B R U BT TR A S sh Ak T A
we i, DMERRZ AR K & BRI E3%. 3
L PR AN E ) 1 4% 25 R Ve R 28 AT LA I Y 3C
Fr B e ik A% Bl P AR HOR (R



cassava/RZE

cassavaiZ

Multistage countercurrent washing

Simple cleanout{%j BiE Bt 2 BUN TRy iR

cut up & filing machine for
grinding 717+ B HLRE

Two-stage hammer blade s 2t 4

Vertical sieve separation3z i) cassava residueZ & Three-stage centrifugal sieve Cassava residue 1

separation=2R /(50 55

discit ;i Wastewater treatment

12-stage cyclonic station for
refinement12 2% i@t it K |

dehydrationjjik Produce marsh gas“®E =S,

dehydrationfii 7K
airflowS i

air flow dryerse Bt S AT

Package productsf.3% Al i dietary fibre and feed

Ry, AR

Package productsfd3E 5 i

Flow chart of traditional production process )
g T ERRE ) Flow chart of new production process

HLZEF T ZHER



Sulfur dioxide 1s usually used in the centrifugation or
extraction stages of the cassava starch separation process
to increase extraction efficiency and improve product
whiteness. However, sulfur dioxide residues in the
generated product can change the properties of tapioca by
reducing the paste viscosity and increasing the
gelatinization temperature. The control level of sulfur
dioxide content represents the quality of the product, for
example, SO, less than 30 ppm is a good product, and
when the SO, content is zero we can call this product as
Organic Tapioca Starch™,

6.2.1 HBXE
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NN AR, 8 T RO BRI B AR Jek o &l fe,  DUREIRICRIFSGE s A B . 2R1, it
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Modification Treatment
AB A g FH




Pre-gelatinization $i#i || degradationt replacementBl4t | | crosslinking 3z Bk
| | |

Partially degraded starch Starch_Etherification
cold-water-soluble starch jg’ N Bﬂzgﬁgsﬁ*ﬁ Starclgﬁ]ﬂi%ggftj}caﬂon SRRV
YA SRR E WA a &= 1 E e 2]
A /K AT E R }
\ degradation of
starch by
Dextrin Dilute starch oxidative Carb%-‘%“g}%{*gta“h Hyd“g%’g?}%gtmh Quaternary enzyme
ks #waey || degradation ' : ammonium ks i
AR salt Starch
n | / R
| = b| 1 Degradation of Starch acetate Phosphate starch
- arboxy FRRRERE BARR B 1D
Urea fo}fm al(}fﬂ}‘l,yde starch# & starch by persulfate R \—H\
starch/R B2 SER REEM Phosphate mono- Phosphate acid starch

starchf R g .52 #2 TR B DUE




roller pregelatinization & &1L

The methods of

physical modification of tapioca
R Ve RV ER AR T 20

extruded expansion % {412

spray drying % &



The process of cassava roller pre-gelatinization is as follow:
Firstly, mix the cassava starch with de-ionized water and stir it, the slurry concentration 1s about 40%, and the temperature is
maintained at 30-40° C. The roller is heated by steam to about 160°C, and the starch is sent to the surface of the roller with a

pump to form a film for immediate gelatmlzatlon and rapid dehydratlon and drying (moisture is about 5%).
ABRE T T Z0R S, B RRACETER S X8 EUROR 20400, (RFIREE N30-40°C . WY
SEAITIIZE KLI160°C, FIZH L i@"ﬁ“ﬁﬁi B, DFSRE LK T K420 095%)

i
ser and dropped into the coarse crushing device, and then transported to the micro

-'r*; _h'_‘—\_

metr {*

The dried film is taken off by the scra
crusher to obtain the product. The rolle

consumption, high thermal efficienc y stable p
C TRl B i 22 1) TTHC R P N AL B,
6. RFCEEE . b TR R E y & RLE T

y contin ,_;o_o oduction, easy operation, low energy

g § . . . .
, wide range of adaptation and simple heating medium.

E ’ NEEEEys #é“&ﬁﬁ$ﬁ$%\ﬁﬁmﬁ\%ﬁ

However, this processing method makes the g ri'-.i najor defects, including narrow peak
viscosity range, non-integrated granules, inab >aring luring the use and the effects of acid
and alkali. The elasticity, flowabilit , ' s the starch paste only have about 80%

gelatinization.

(EHEF N TR R BRI RS, 77 A A IR II R, BRI (ER BV, AR BEERRL, AN REA S LI R b 1)
RUYI ) BB A 5200 o S8 L BN IR AIAS E PRI 25, X AR 7 VA Ve v R A7 80% 22 A kA o



Extrusion method is to blend the tapioca into the emulsion with

water content of about 20% that is then added into the cavity of the

extruder. The emulsion will be gelatinized by the high temperature twin—scre}?f puffing
macnine
: : . .. Powd
between 120-160 °C produced by the spiral extrusion friction. Then TR m;r

sl
forced draft fan
baking chamber

Bt

EEF

it 1s extruded at high pressure through small pores of one to several

millimeters in diameter, and after that, it immediately expands due
to the rapid decrease in pressure, causing the water to evaporate and
dry, and it 1s finally milled and sieved to obtain the product. This
process has the characteristics of low investment in equipment, low {4

power consumption and low production cost. However, the

Hrig Rt
milling system

produced pre-gelatinized starch has low viscosity and almost no

elasticity due to the high-intensity shearing force.

Gt SRR AR ZTE R WS 7K L 920089 FLI,  FRRFFLBUMA S LIS Y, 2SR e 5t e BE 457 2120~ 160 °C [ =i mi #i4k
RFEE AN BILERNMUR RS, BT SO ARSI, K 20 M0, fJa B it 70 RIAS 7 o
T ZEARERG D SR AT RARERS i B BRIt T2 s BT U 0/ A, REEEAR, JLF
B .



Spraying method to produce pre-gelatinized starch is to pre-cook tapioca emulsion into hot paste, and then according to the
spray drying principl, spray the paste with a concentration of 5-8% into the drying tower for atomization and drying with high
temperature airflow. Atomization is accomplished by high-pressure single-fluid nozzles and two-fluid nozzles. The atomization
media are compressed air and steam. The atomization method is characterized by a hollow spherical granular product without a
separate comminution process. Since the viscosity of starch emulsion increases dramatically after pasting, it makes the spraying
process complicated and difficult. In addition, due to the use of low concentration of starch emulsion, the amount of water
needed to be removed during drying is large, coupled with the high temperature of the exhaust air, resulting in high energy

consumption, low thermal efficiency and high production costs.

5% S5 90 AL T PO AL T 7 e AR T b FL IR e 28 BOU IRV, 98 a0 FH g
SRR B, e R SRR B Dy 5-8% PRI s N\ T M558 A S5 AL T4t
F5 A R s BRI M RLOURAAR I E 5E il S5 IR N s 4 = R 253
5% 5595 IRV s TG /e R oy A I e RIS 31 2 2 O BRI B AORE i o EH
TiekAaemtt)s, R, i Re 2 mEE. 5o, M
TP R ek LR AR, IR & ERZ 00K 2, i EAFRIE
Fimm, EREERER, MR, A A s,




Process flow of chemically modified starch in cassava food produced by wet-process

v

hingtk dehydratlon desiccation Modified
washing#ti ﬂ;ﬁyj{ T starch

A PEVER




Properties of chemically modified starch/ft,2225 P4 e ¥y i M 5
 acetate starchfig ERBS AL IE Fr
main characteristics: Low pasting temperature; high viscosity; good transparency; can form tough film ¥ifbiEZAK; Hb
JEvmys IEELE; AR R s
 cross-linked starchZZ BIE Ay
main characteristics: Good stability against mechanical processing (high temperature, strong acid, shearing force),
Short and fine threads of starch paste; good freeze thawing stability
MHLARIN T Cryilis 58PRs BYVIJ1) RUEthif; W12 manil; ot Mt
* sodium hypochlorite oxidized starch{X RN E AL IE
main characteristics: Low viscosity; good fluidity; high transparency; can form brittle film; has some gelation
FEEEAR; sty @EEE; "R, BA—x s
 Acid hydrolyzed starchfR 7K il i€ #7
Reaction conditions: Concentrated acid acts on starch at a certain temperature, causing its large molecular chains to be cut
off and become small molecular chains. —/& & & NKRERAVEH ek, EH KD 78w VI N7 T8 .
1. Main characteristics: low viscosity; good fluidity; certain gelatinous properties ¥5E(%; Wahthly: B —E Rkt
2. Difference with sodium hypochlorite oxidized starch 5 X S ERHEALIER BI X HI:
Reaction mechanism: as molecular chain is cut off, hydroxyl group is not oxidized to carboxyl group or aldehyde group
RONALER: 7B U)W, FRR R A R s e B
Paste characteristics: slightly lower transparency and whiteness, but better gelability

PRFVE: B UIEEN F EEMAR,  (HRR A I B



—phosphate ester starch TR B5 e ¥
Reaction conditions: dry process, high reaction temperature (120-160°C) Jx b 46F: THE T2, MMNIEER T (120-160°C )
Main characteristics = 245 P4 —
Low pasting temperature, swelling in cold water when it is of hig?eh?titu n degree; with certain emulsiﬁcation: better
water-holding capacity WA AR, B R A KRk, B —E B2t B Rk
—hydroxypropyl starch 2[4 3£ ¢
Reaction conditions: Starch is obtained by reacting with propylene oxide under strong alkaline conditions.
NESFA R 5 A B AR SR B S A SN 3RS
Main characteristics = Z-FE{4:
High transparency; good fluidity; stable paste with certain suspension propertyi% B & Wl Winifae HAH — 2 EiEE
—composite modified starch & & 22 4 e ¥y

Description: a product obtained by two or more modification methods, thus having the properties of two single products.
ARYLHT: PIAN L BRI D5 RAF 7 i, DR R aHE B b B — 7= e i 1 e
Main categories: Crosslinked esterification; crosslinked etherification; pregelatinized compound modification, etc.
FESG: CBRERAL SCHREML; TUMIAL R &2 1SR
Characteristics of pre-gelatinized starch: Cold water soluble, easy to use FURIALIER BITER : 7K AT A% H 7 {5 P4



Cassava cationic starch for industrial use, belonging to the quaternary
ammonium cationic starch, is now widely used in the paper-making
industry and is one of the important chemicals for paper-making. It also
has a wide range of uses in many industries such as sewage treatment,

detergents and cosmetics.

In addition to this, dextrin products (including white dextrin, yellow
dextrin, British gum, etc.) using hydrochloric acid as a treating agent are

widely used in the field of adhesives.

SR ASN AR IR A 0 AL BRI RO RIRE 7 i (LIS ARIRS . BORIRS . e[l
) T B HHE R R

TN A 2 B & - o () T e 2
RN ek, HEl 2 TS
A, REZERERMMESZ . AR
Vo KALHEL, R At AR 2 AT
FEET Z IS




The advantages of the wet process are that its requirement is not as strict as the dry process in terms of reactor
structure. It uses water as medium, with low reaction temperature, easy and safe operation, easy synthesis of
homogeneous cationic starch, less impurities and stable product quality. At the same time, the wet process is
widely applicable, and the industrial production of other series of modified starches (such as oxidized starch,
cross-linked starch, acetate starch, etc.) can be realized in the same production line without any change in

production equipment.

PRI A0 RO S L E A AN AR IR A BER A%, LUK
Ji, SN EEAR, BRI, %4, BHa RN E T
ek, R, PR ERE. RN, Wk T AR T
[z, fERRAT SR, AR AMER S, S AR
KAV CUEA e . SCBRiER . TER BEIREEE) 1Y
TolkAE .




Dry-process production, where starch 1s reacted with chemical reagents to produce
modified starch with a small amount of water (usually 20%) or a small amount of organic
solvent . The advantages are the simplicity of the process, the high yield and the absence

of pollution. The disadvantage is that the reaction 1s not homogeneous and the grafting

~, SVl

effect of the starches 1s not satisfactory. T

TIRAE, RijEm eS8k GEFEE20%) s 8aHLE
SRRV NESTEE A 3 i1 - Y VRS S5 % ik v O Wb s
ST R oIt S N A, BEERCR
AHAE,
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Food application

B owm M




the application of modified tapioca in food 7% 4y 7F & i 1 W
* Function of modified starch in food 2% €8 7 & 5 I Th e
Food additives: thickeners; binders; stabilizers; texture and taste improvers

RS InGH . AR ORGSR RRUE ) B BUR A R R A
Food processing aids: sprinkling powder; forming starch

B i TER: ok e
« Application of modified starch in food 7% 4 & ¥y 7£ £ &t 119 B A
Instant noodles: cassava acetate esterified starch; (usage amount 8-10%) J{H[H: ARZEESFREEILIER (ff H=E8-10%)
Meat processing (ham sausage, lunch meat): acetylated di-starch phosphate, di-starch phosphate, acetylated di-starch adipate,
etc.) REINT. CKIRIm FTERD « LWL ek BiREs . BERRRE Vet . Sk =ik C R RESE)
Frozen food (frozen dumplings, frozen fish balls): acetylated di-starch phosphate and other products
HARE A GREKE BEER) « LB =ik i B < = o
Condiments (oyster sauce): cross-linked esterified starch; cross-linked etherfied starch (hydroxypropyl di-starch phosphate,
acetylated di-starch adipate, etc.) MK (B . SCHEERAGTE N : SCHRBRGTER) CFRNE: VEm Biiele . Stk Tt © —mRIERSE)
Dairy products (ice cream, yogurt): pre-gelatinized hydroxypropyl di-starch phosphate, pre-gelatinized acetylated di-starch
phosphate, etc. FLill i (VKM BRYD « TOBICER R ZJEm iR Ne . TIOMIL £ ek — Ve # i I I 55 7 i
Puffed food: native starch; cross-linked starch 2L & 5. JRIEN; ACBERUERD
Paste and powder coating: oxidized starch; pregelatinized starchZE I FEHy: FHALIERy ;s TOMILIER
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pplication of Modified Starch in Food — Cassava Balls
*%ﬁ om A2 4 VE K H’JF‘ FH——% %
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Industrial application
L 1% 3.
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plication of modified tapioca in paper-making industry

Starch used in the paper industry The methods of modification use ratio application
R LA P AR LI i
Y oteric) Filtering aid, internal sizing, retention aid,
‘ y B e O Cic 21% dry strength improvement
Wet-part starch {535 E k) o o oo o
S AT @) BhUE, PuiERZ, BORA, fRE T
Improve printability, smoothness, Z
Surface starch =5 T Enzymatic starch, Oxidized starch i direction stl.‘ength, tear lepgth, breakage
AR, Sl R 64% resistance and stiffness
’ HCEEIRITE, BCEFRE, fem Z- 58
B, SRR, TRRE, R
i3
Oxidized starch, dex.trm; Enzymatic 120, Adhesives, Improve printability and
coating starch 37 LE treatment, esterified starch 0 :
: FULTER, B MBI, Rf water rotentill
TEH K70, o PO R, s PRk
: NI, i . -li ' ' t th
spraying starch W IER Native starch; Cross-linked starch . improve the interlaminar streng

Rk SCBRIEAT

1= = 18] 98




Enhance inter-fiber hydrogen bondingi2 544 s S #NES

Improve the retention of filler because of the positive
charge property of starch #RE ! AR 8 5 B 25 24 69 PR B ferf

Protect ASA sizing and emulsify 1t {RPASATERR, FHXE#HTAL

Improve water filtration effect while passing through the

press section of the paper machinei & KR AL LMY
EEERAY



Paper bags bonding by starch
ARAR KL FH vE ¥y
Raw material: cassava
1. Cross-linked and cold water soluble

TR IE I B2 K EE
2. dissolving tank is needed during the

production process of agglomerant
RIKE A i TR P HE BS R

3. Starch concentration between approx.
17 and 40% S H9RE L 417 ~40% 2 (8]
(For the horizontal, vertical and bottom
bonding of paper bags)

AT RN EEE . N LS




High viscosity = Aili 14

Low throw-off properties {5 &} 4

Excellent viscosity stability 1t 5 11k S F2 € 1
Excellent operational stability 1t 575 FJia 1T 2 € 14

~ - |
;_J_ Tl R --.--.T."-""r"' - - 1L




Sizing: Sizing the warp is the key to reducing its breakage and protecting it from weaving
on the machine. F¥: &% IR OELDWR, RIPELPIENLE ELUE K5

Starch 1s mainly used 1n textile treatment and 1s removed after processing.
R EEM T4, TR R,

Degradable modified starch ether/ester products made from cassava .
Modified products: hydroxypropyl, carboxymethyl, acetyl, carbamate.
T FH B UE R 3 T A 2 11 A s Vi R T/ TS P A N T AR R P

WAL LR i BN S, RESE, MR, ZIEHRAR.




AL EM

JFRL KE

1wt TR {e b I 3 B A KA
fEraRhE R R {E A A FIEH

Starch for feed

raw material : cassava

cassava IS pre-gelatinized and soluble in
cold water for use as a binder in feed
granulation




BRSSO B Gelatine empty capsules
SiEIRREES SR, BpanERras g, Include gelatine empty capsules and enteric gelatine

EERTRFE A= ORI, empty capsules, which are by far the most common
type of empty capsules.
BE=0RRE

oERREmEREORE. saasmg Ysetable empty capsules
HRTORE. FEZsR=0RESE Including hydroxypropyl starch empty capsules,

hydroxypropyl methylcellulose empty capsules,
prululan polysaccharide empty capsules, etc.
s




HREH

green building materials

‘mould proof & 1
super whitt  Can be

HHE
EXTERIOR PUTTY r

0 O Y k

b Bl

@ sprayed or
brushed



ARZEVEH T EWHIRT HE, SARZMIR TR RER

The Chinese market for cassava starch is promising, with strong
demand from cassava-related upstream and downstream industries

Lo REARZFERTIZER M G0 TR 62, @M. RS Ik 7 R I
2. REZMEEm AT NATHERZ ML, ESEARE SRR RN TTRE T, KR EE R 5 K
3v AR AE, ARy E A A (1) AN

1. Tapioca is widely demanded in food, paper-making, feed, pharmacy, building, adhesives

and other industries in China

2. Modified tapioca can be used in many industries in China, and China also has the
processing capacity of it , so tapioca 1s widely used.

3. Africa is rich 1n cassava, as the main supplier of tapioca in China






