
S tarches can nowadays be given stable technical 
and functiona l p roperties sa tisfying the cr iteria set 
by the agrifood industry; using varietal selection 

and the genetic improvement of plants in association with 
the chemical and physical modification of the starches 
themselves. Some of today's consumers want to see more 
"natural'~ "organic", "GMO-free", "healthier" industrial 
products manufactured ''without chemica l processing" on 
the market, and manufacturers of food ingredients and 
addi tives are searching for new "natural" compounds 
that satisfy the technical and economic constraints of 

Raw materials (Table 1) 
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Table 2. 

production. The starches currently available on the 
world market come mainly from maize, wheat, patato 
and cassava. The present study was conducted to 
evaluate the industrial poten ti al of na ti ve starches from a 
wide variety of starchy tropical p lants. 

The physicochemical and functional properties of the 
native starches of 33 clones, representative of 22 tropical 
p lant species being grown in Colombia, were studied. 
Resistance to physical and chemical stresses (lengthy 
cooking at high temperature, refrigeration, acidic media) 
was evaluated and compared to that of industrial starches. 

• 
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•p = Pheno lic compounds; M= Mucilaginous compounds; C = Colored compounds ; 
U= Urticating cornpounds; S= Separation difficuhy 

Starch extractability 

Four classes of raw material were d istinguished according to 
ease of starch extracti on and starch yield (lable 2 ). In Class 1, 
starch was easy to extract and yield was high (around 60%: patato 
and w hite yam) or very high (between 70 and 80% : 
cassava, sweet patato). In Class 2, starch was difficult to extract but 
starch yield was very high (tannia, oca) or starch yield and ease of 
extraction were medium (arracacha). In Class 3, starch was d ifficult 
to extract and y ield was medium to high (e .g. ed ible canna, 
greater ya m), and in Class 4 both ease of extraction and yield were 
low or very low (e.g. yam bean and banana). 

Starch physicochemical 
characteristics 

Amylose content ranged from 2 to 32% and samples were d ivided 
into four classes (lahle 2). The amylose-free class contained only the 
blanca cultivar of arracacha. The medium-low amylose content (1 O 
to 16%) class consisted of the other cultivars of arracacha and the 
aroids. The medium amylose content (around 20%) class contained 
patato, cassava, ullucu, arrowroot and sorne yam cult ivars. The high 
amylose (over 25%) class consisted of edible canna and patato yam. 
Granule size was small (under 10 fJm) for taro, yam bean and giant 
taro. This may explain the relative slowness of the starch to settle or 
the need for centrifugation to separate the granules. Large granu les 
were observed for patato, oca and edible can na. 

Starch functional properties 

Four types of pasting profi le were distingu ished (t.lhle ..!). In Type A, 
the peak for v iscosity during heating was high (over 1,000 Braben
der units) but sharp (breakdown was half to two-th irds of peak • 
viscosity): patato and arracacha (blanca e u ltivar) samples had this : 
profile. Type B, characterized by high peak and final viscosities. • 
(zero setback), was observed only with edible canna starches. In : 
Type D, al l v iscosities were very low (close to or under 200 • 
Brabender units). The Type C profile was intermediate. Starch • 
extracted from soft wheat, maize and sorghum had Type D pasting : 
profi les, with the exception of waxy maize starch, which had a Type • 
e profi le. : 

~ Data on good storage abil ity and resistance to acid ity were : 
highly cross-correlated. They were summarized in terms of two • 
parameters : the initial viscosity of the ge l prepared under acid ic : 
conditions and the degree of syneresis after 8 weeks' storage at 4°C. • 
Resistance to heat was evaluated by paste viscosity after 
sterilization for 120 m in at 121 oc, and paste clarity was measured 
by light trajlsmission. The functional and physical properties of 
the starches were summarized in graphs having the 
fo llow ing 6 ,axes (clockwise from the top vertical): Brabender 
viscosity at 50°C (V50), v iscosity in acidic medium (Va), viscosity 
after steri lization (Vster), paste clarity (Ciarity), degree of syneresis in 
acidic medium (Syneresis) and ease of extraction (Extractabi lity). All 
data were centred and reduced: the origin of each axis was 
placed at the centre. The scales were reversed for axes 5 and 6 
so that usefu l properties were located towards the outside for all 
dimensions. Four groups of starches were distingu ished ( Fi~ure 1 ): 
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Res istance to acidi ty and steril ization, syneresis and 
amylose content were c ross-correlated. Viscosi ty in acid ic 
medium and syneresis increased linearl y with amylose 
content once the latter was above 15% (Figure' la ,md lb} . 
Th is resu lt agreed with the fact that starch po lymer 
gelification and retrogradation, responsible for syneresis, 
are faster and higher for amylose. The high pos itive 
corre lation between resistance to steri lization and the 
degree of syneresis means that it will be difficult to find a 
natural starch combining resistance to sterilizat ion and 
good storage ability. 

Figure 1. 

e 1 a- Starch pastes w i th 
high viscosities (axes 1 to 3, 
Figure 1 a) especially in acidic 
med ium or after sterilization. 
Canna starch was the most 
i nteresti ng in th is domai n, 
fol lowed by sweet patato starch 
and yam starch. However, such 
starches were relatively d ifficult 
to extract (axis 6) and had low 
resistance to syneresis (axis 5), 
which woul d limit thei r use in 
refrigerated products. 
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pastes and gel s (axis 4, 
Figure 1 h). Patato starch and 
cassava starch, both known 
to give clear pastes, belong to 
this class. Three other starch 
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sources, w ith clari ty between 
that of patato starch and cassava starch, could be of interest in this 
field : arracacha blanca, ullucu and añu. In addition, most of these 
starches had good storage ability but poor resistance to acidic 
media (except for cassava starch) or steri lization (except for añu 
starch). O n the other hand, canna starch and ipomoea starch 
were both resistant to these conditions and also gave clear pastes 
(figure 1 a). 

e 1 e- Starches w ith good storage abil ity only (Fi~urt> 1 e) . 
With two (taro and arracacha amaril la), the degree of syneresis was 
similar to that of waxy maize starch, w hich can be 
considered as a reference for this property. These starches also had 
unfavourable quali ties (paste viscosity and clarity, 
extractab ility}. Starches from the preceding class w ith resistance to 
syneresis should therefore be preferred if good storage ability is 
requ ired. 

e 1 d- Starches with poor functional properties (figure 1 dl. This 
class included Cavendish banana starch and cereal starch. The only 
exception was waxy maize starch, wh ich had good storage 
abi li ty and gave clear paste. The majority of widely u sed starches 
(from cereals) came out badly in th is study. 

Several non-conventional root and tuber starches in Groups a and 
b have good potential as food industry additives or ingredients: 
among them ed ible canna, sweet patato and yam starches, due 
to their resistance to sterilization and acidic media, and arracacha 
starch because of its good storage ability. In add ition, these starches 
general ly gave clear pastes. Their only disadvantage is thei r 
difficu lty of extraction, which could be resolved w ith appropriate 
technologies. Taro starch might also interest users requiring good 
storage ability. 
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Brabender viscosi ty increased w ith starch partic le size 
( f igure 1) : in particu lar, starches extracted f rom edible 
can na and patato with a particle size of 25 fJm hada Vmax 
of over 1,500 RVA units. 
There was a high pos itive correlation between paste clarity 
and Brabender viscosi ty. The correlation coefficient was 
0.84 with V90 ( f igur~ 4). O n the other hand, there was no 
correlation between paste clari ty and amylose content: the 
greatest clari ty was observed w ith amylose-free starch 
(arracacha, blanca cultivar), med ium arnylose starch 
(patato) or high amylose starch (edible canna). O ur results 
thus confirmed that the most important factor for paste 
clarity is granular remnants size rather than amylose 
gelation . 

e Resistance to steril ization and syneresis increased when amylose was above 15% (db). Both can 
be linked to amylose gelification and retrogradation. O n the other hand, paste clarity appeared to 
be mainly linked to light refraction on starch granule remnants : it increased with V90, which might 
indicate the size of starch granule remnants. 
Four groups of starches were distingu ished on the basis of their main functional properties. Three 
plants (edible canna, sweet patato and yam) appeared particularly interesting as their starches are 
resistan! to sterilization and to acidic media, and the first two also give clear pastes: with cereal 
starches, these properties can be obtained only after chemical modification. Starch from arracacha 
(blanca cu ltivar), on the other hand, could be used to replace patato starch as it gives clear paste 
w ith good storage ability. 

e The study showed the considerable potential of sorne native starches from non-cereal crops 
cu ltivated in tropical America to satisfy industrial demands for resistance to certain physicochemical 
stresses occurring during the manufacture of "new natural products". Research into the physical and 
chemical properties of native starches can be u sed to identify new market opportunities for certain 
root and tuber crops, thus promoting renewed interest in their cultivation. 
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