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Abstract 
Starches have a wide range of uses and their consumption has increased over the years, resulting in a growth in 
the agro-industries that produce them. Cassava is a very important plant for agri-business and one of the main 
products obtained from its roots is starch. Although cassava can be harvested throughout the year, its quality 
varies greatly through the seasons; this is because it is influenced by soil and climatic factors, as well as the 
genetic characteristics of the species. These influences result in seasonal oscillations in root classification based 
on the starch content available at the time of product delivery. Faced with this problem, the objective of this 
study was the collection and evaluation of documentary data for 3 years of product quality samples. This was 
done in order to observe the situation and propose tools that can minimize problems resulting from the quality of 
raw material received by starch producers throughout the year. It was observed that in the winter period there 
was an increase in root starch content, despite the differences between the months not being statistically 
significantly, they are financially representative of this agro-industry sector. At the end of the study, a proposal 
for a methodology for calculating payment per gram of starch is presented in order to minimize the problem. 
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1. Introduction 
Rosenthal et al. (2012) proposed that cassava is the second most important root, behind only the English potato. 
This is due to it being an important feedstock and its use in the production of starch and fuel, among other 
applications. It is considered the fifth most important crop in terms of calorie provision by food, and is especially 
important to residents of sub-Saharan Africa.  

When considering the use of cassava as a raw material for various industries and the predicted population growth, 
it is expected that the demand for cassava will increase (Sholihin, 2011). Starch is a carbohydrate obtained easily 
by extraction and can be produced from various raw materials, such as native starches from maize, wheat, rice, 
potato, cassava among others. This carbohydrate can be used in various segments of the food and chemical 
industries in both its native and modified forms (Neelam, Vijay, & Lalit, 2012). 

The authors Mtunguja et al. (2016) and Chipeta et al. (2016) found high starch yields in some cassava cultivars 
during the 6 (180 days) to 9 month period (270 days), but both highlight that the best time for harvest to attain 
adequate starch levels depends upon the genotype and environment. 

The cassava cycle is presented by Alves (2002), they explain that plant emergence occurs within 5 to 15 days, 
leaves and roots develop from 15 to 90 days and in 90 to 180 days stems are established and the formation of leaves 
is finalized. From this moment carbohydrate transportation is initiated, this allows the carbohydrates to be stored in 
the roots from 180 to 300 days then between 300 to 360 days the plant goes into dormancy. 

Cassava can be planted throughout the year, however, according to Santisopasri (2001), available water is needed 
for its development, this is because hydric stress at the beginning of the plant’s development stage can cause it to 
go into dormancy, slowing growth. Mtunguja et al. (2016), explain that when cassava plants are subjected to water 
stress their hydrocyanic acid levels increase, and therefore must be subjected to industrial processes to eliminate 
this toxin.  

In Thailand, Vietnam and Colombia, according Tran et al. (2015), the starch producers are currently focusing on 
increasing the process yield, food safety, product quality and economic performance. 
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The starch quality, according to Santisopasri et al. (2001), is related to rainfall sufficiency, which ultimately 
influences soil temperature, nutrient availability, air humidity and even the luminous intensity. Moisture shortages 
caused by the lack of rainfall, mostly in the first few months of a plants development, have been shown to be 
sufficient to reduce productivity and starch quality. 

Sholihin (2011), found that the starch yields of cassava varieties are heavily influenced by environmental factors, 
with the yields being directly related to low subsoil density, high relative humidity 4 months after planting and 
high pH in the upper layer of soil, it is therefore important to identify such conditions to increase the quality and 
industrial yield of the roots. 

Sagrilo et al. (2006) reported that the harvest period influences cassava quality, they explained that the best season 
in which to harvest coincides with the physiological dormancy of the plant, because of the high increase in 
production of tuberous roots and dry matter. A delay in harvest results in the reduction of dry matter content, due to 
the mobilization of carbohydrates to support the new organs. 

In Brazil the cassava dormancy period is during the winter. In view of this, and the other factors described 
previously that can affect the quality of cassava roots and their starch content, this study aims to monitor starch 
levels of cassava delivered to a starch producer by farmers, with the aim of verifying the variations in starch level 
through the course of a year and the seasonality of the deliveries of the product, by using three-years of data taken 
from a starch producer. At the end of the study, a proposal to minimize the encountered problems is presented. 

2. Methods 
The studied starch producer is located in the west of the State of Paraná, Brazil. The company produces starch 
processed from cassava roots received throughout the year from Parana and other producing regions. The starch 
producer, on some occasions, is not supplied with raw materials, during these periods the company is inactive. 
Thus in this study, the maximum operation period in the same year was approximately 10 months. 

Initially, the percentage that each month of production represented of the total production was calculated to give a 
general evaluation. Following this, the quality of the raw material was identified based on the analyses conducted 
by the starch producer. At the time of receiving, the company makes an individual assessment of each batch, this 
assessment is made using a hydrostatic balance, to achieve the final value two samples of 5 Kg are taken. This 
weight of raw material is subjected to evaluation by the equipment, which provides the result in terms of g of starch 
per Kg of product. 

According to CEPEA, DEAS, ESALQ, and USP (2016a, 2016b), desirable starch levels in cassava roots should be 
between 550 and 600 g, or on average be approximately 575 g when sampling is conducted on 5 Kg of roots. When 
the value is below the mean content it is common for the agro-industry to impose discounts, as well as bonuses 
when the content is higher. 

The average data for cassava root quality from the monitoring of received batches was collected directly from the 
starch producer’s database. The data was then transferred to Microsoft® Excel spreadsheets, where, by means of 
calculations, the percentages of monthly average starch content over the three years were obtained. 

The studied starch producer makes use of samples weighing 5 Kg, therefore, it was necessary to transform the 
results so that they related to 3 Kg samples, which are more commonly used in the agro-industry. These 
transformed results were subsequently applied to the formulas described by Grossman and Freitas (1950), and 
cited by Oliveira (2011) (see Equations 1 and 2), to estimate the dry matter (DM) and starch content (TA). 

MS = 15.75 + 0.0564 × Mwater                            (1) 

TF = MS – 4.65                                   (2) 

Where, MS is the percentage of root dry matter, Mwater is the weight in water of 3 Kg of cassava, and TF is the 
percentage of starch content present in the product.  

Therefore, the content for which discounts would not be imposed on the farmers, in accordance to the CEPEA, 
DEAS, ESALQ, and USP (2016a) rules, for weighing and evaluating samples of 5 Kg would be 575 g. This can be 
subsequently, recalculated to represent a 3 Kg sample, the value 575 g would result in 575 × 3/5 = 345 g. Then, by 
applying these values to Equations 1 and 2 the MS and TF would be 35.208 and 30.558, respectively.  

The mean starch content values, obtained for each of the months, comprised a completely random design with 
three replications (years). The data were compared using an analysis of variance (ANOVA) and a post hoc Tukey 
test, at 5% probability (p < 0.05), were conducted using the Assistat 7.6 beta software. Where there was no data 
present for only one of the years, it was analyzed without the missing data point, however, when there was only 
one datum point available the point was discarded. 
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of the roots starch reserves. The author goes on to explain that after the formation of the leaves, the plant will start 
to accumulate starch again and that by the end of the second year, after two cycles, the plants will have greater 
levels of accumulated starch than the plants at the end of the first cycle, a year after planting. 

It was found, through the variance analysis and the Tukey test, that there were no statistically significant 
differences observed at the 5% probability level between the starch contents found in samples collected by starch 
producer studied over the years 2013 to 2015 (Table 1). 

The average percentages of starch by month, found in the present work, were close to those observed by other 
authors. Mtunguja et al. (2016) found that starch content in cassava roots was between 23.05% and 30.74%, 
however, it is worth mentioning that these values were obtained by laboratory tests. Barbosa et al. (2007), found 
values between 22.96% and 31.44%, but they used the hydrostatic balance method, the same as was applied in this 
study. 

 

Table 1. The mean monthly starch contents of cassava, obtained via the hydrostatic balance method, received as a 
raw material by the starch producer. The weighted means were obtained from sampling conducted over 3 years of 
production. 

Month of the year Weighted means of the starch content (3 years) 
± standard deviation 

March 29.69ª ± 0.83 

April 30.07ª ± 0.72 

May 30.42ª ± 0.80 

June 30.73ª ± 0.29 

July 30.64ª ± 0.50 

August 29.92ª ± 0.35 

September 29.61ª ± 0.13 

October 29.33ª ± 0.01 

 

The calculated coefficient of variation values were low, all less than 1% starch, nevertheless they are capable of 
causing variability in the industrial production process. This is because even small changes to the starch content of 
the raw material can reduce the industrial yield; it can be observed that the processing of products with high or low 
levels of starch presents the same costs. 

It was noted that during the middle of the year there was an increase in the starch content of the roots (Figure 2), but 
this also varied according to the year studied and the farmers evaluated, which could have been the reason for the 
absence of a statistical difference between the months compared. 

The product received in 2014 presented lower starch contents in several months when compared to the other years, 
this may be related to the cassava price that was above normal levels, especially in the early part of that year 
(Figure 3). This could have encouraged farmers to advance the harvest of the product at the expense of the quality, 
even though the raw material had a low starch content resulting in the sum paid to the farmers being subjected to 
discounts. 

The authors Lima, A. L. Ferreira, and M. A. Ferreira (2012) explained that the main bottleneck in the cassava 
production chain is the variation in the availability of cassava root and its interference in industrial production and 
farmer profitability. To solve this problem a partnership between starch producers and farmers was created, in 
order to ensure farmer profitability and the regularity of delivery to the starch producer. The authors explain that 
the farmers can harvest the cassava after one or two cycles and that the cassava delivered at the beginning of the 
year is usually harvested after two cycles, while from May to the end of the year the cassava is generally harvested 
after one cycle. 

In the middle of the year, the price of cassava roots generally decreases, while the starch content increases, this is 
due to the law of supply and demand, as many farmers harvest and sell their product at this time of year, therefore, 
the greater quantity of product reduces the price (Figure 3).  

 



jas.ccsenet.

F

Figure 

 

However, 
CEPEA, D
farmers re
harvest, th
obtain high
regardless 

 

org 

Figure 2. The a

3. Average pri

by calculating
DEAS, ESALQ
eceived prices 
hat farmers rec
her than the av
of the time of

average starch 

ice in Brazilian

g it based on 
Q, and USP (2
lower than th

ceived, on aver
verage market 
f year. 

Journal of A

content presen

n Reais (R$) o
ESALQ, 

starch content
2016a) metho
e market aver
rage, close to t
value, which 

Agricultural Sci

248 

nt in the cassav

 

of cassava in w
and USP (201

ts, by means o
dology, it was

rage. It was on
the market val
can be observ

ience

va roots throug

western Paraná,
16b) 

of the discoun
s observed tha
nly in the mon
ue. It is of not

ved in the maxi

 
ghout the obser

, provided by C

nts and bonuse
at during the in
nths of June an
te that some fa
imum price co

Vol. 9, No. 10;

rved years 

 

CEPEA, DEA

es described in
nter-harvest p
nd July, durin
armers were ab
olumns of Figu

2017 

S, 

n the 
eriod 
g the 
ble to 
ure 4, 



jas.ccsenet.

Figure 4. M
times th

 
In Figure 
producer f
values wer
leads to the
a 10 perce
(March to 

The overa
confirmed
close to ze

 

Figure 5. F
the averag

org 

Minimum and 
hroughout the t

5 a histogram
for the three stu
re close to 24%
e conclusion th
entage point va
November). 

all average wa
d by the Doorni
ero, a histogram

Frequency hist
ge of the two da

the op

maximum ave
three observed

m is presented 
udied years (2

% starch, while
hat throughout
ariation in star

s 29.991% wi
ik-Hansen, Lill
m was construc

togram illustra
aily measurem
perations of a s

Journal of A

erage prices rec
d years, compar

that describe
013-2015). It w
e on other days
t the production
rch contents o

ith a standard 
liefors, Shapir
cted with 11 c

ating the starch
ments obtained 
starch produce

Agricultural Sci

249 

ceived by farm
red to the aver

s the starch c
was possible to
s the attained s
n process perfo

of the received

deviation of 1
o-Wilk and Jar
lasses to visua

h percentage le
by hydrostatic

er over the thre

ience

mers for the del
rage monthly v

content over th
o verify that on
starch content 
ormed by this c

d raw materials

1.2254, the da
rque-Bera tests

alize the variab

evels obtained 
c balance weig
ee studied year

livery of their p
values provide

he processing 
n a few days th
was very high
company, there
s during nine m

ata was not no
s, all of which 

bility (Figure 5

by applying E
ghing, transform
rs (2013-2015)

Vol. 9, No. 10;

product at diff
ed by the CEPE

days of the s
he average atta

h, around 34%.
e was an avera
months of the

ormally distrib
presented a p v

5). 

 
Equations 1 and
med to 3 kg, du
) 

2017 

ferent 
EA 

tarch 
ained 
This 

age of 
year 

uted, 
value 

d 2 to 
uring 



jas.ccsenet.

The highes
by CEPEA
because th
rules adop

Many facto
in addition
Sholihin (2
the year, o

On the oth
of starch a
important 
the follow
demonstra
raw materi

Suppose a 
of 30% (th
this data, y
production
levels of 3
in one day

To simplif
for a prod
evaluation
classificati
reasons, to
was the mo

Thus, it is
products w
inferior sta
than 30% 
the ease of
crops in th

 

Figure 6. C

 

org 

st frequency w
A for receiving
hey did not ach
pted by many a

ors can alter th
n to those impo
2011) explain 

on account of th

her hand, it is t
are very low. 
to make clear t

wing paragraph
ate what would
ials. 

hypothetical s
he most frequen
you can calcula
n of 80.16 ton 
3.4 ton day-1. G

y of production

fy these calcul
duct with highe
n refers to a de
ion limits. In 
o simplify the u
ost frequent va

s worth mentio
with superior q
arch content, le
starch were gr
f obtaining hig
hose months. 

Comparison ch
in cas

was found for th
g without disco
hieve the mini
agribusinesses.

he levels of star
osed by the plan
that it is not p
hese limitation

too complicate
Suppose that 
that losses do o

h was based on
d be the differe

starch produce
nt value in the 
ate income for
day-1 and 113

Given that the 
n between a da

ations, a speci
er quality was
esirable range
this work the 
understanding 
alue in the hist

oning that on a
quality (over 3
ess than 30%, w
reatly reduced 
gh quality raw m

hart of starch co
ssava roots of s

Journal of A

he 30% starch 
ounts. Howeve
imum targets p
 

rch reserve in c
nts own cycle.

possible for the
ns. 

ed for a starch p
within the pro

occur and are a
n the average 
ences found by

r has an averag
frequency hist

r raw materials
3.56 ton day-1 r

market starch 
ay with high qu

ific integer val
s established. N
e and that 30.5

average was r
of the discussi
togram (Figure

average, over 
0% starch) we
were few, as c
in the middle 
material betwe

ontent percent
sampled produ

Agricultural Sci

250 

content; this v
er, all values be
proposed by th

cassava roots, 
 Santisopasri (

e cassava prod

producer to wo
oduction proce
around 3% of s
price from M

y the starch ind

ge production 
togram), with 
s, with between
respectively, r
price per ton i

uality and low 

lue for starch p
Noting that th
558% was the
rounded to 30
ion and the rea
e 5).  

the period stu
ere higher and 
can be seen in F

of the year. T
een June and A

ages, which sh
ucers, througho

ience

alue is very clo
elow this had d
he CEPEA, DE

such as genetic
(2001), Adams
ducers to stabil

ork during mo
ess no loss oc
starch in the ra

March to Septem
dustry when w

capacity of 10
an input of 334
n 24% and 34%
resulting in a d
is close to R$ 2
quality raw m

percentage tha
he CEPEA, DE

 average, not 
0%, such roun
ason for selecti

udied, the perc
the percentag

Figure 6. It can
his confirms th

August, which 

how contents in
out the years 2

ose to the aver
discounts appl
EAS, ESALQ,

c, soil and clim
s (2002), Sagri
lize the starch 

onths where the
ccurs of any k
aw material. Th
mber of 2016 

working with di

0 ton day-1, wi
4 ton day-1 of c
% starch, assu
difference betw
2,000.00, the m

material would b

at could be acc
EAS, ESALQ,
all companies

nding was perf
ing this percen

entage of farm
ge that delivere
n also be seen t
he seasonality
leads farmers t

nferior and sup
013 until 2015

Vol. 9, No. 10;

rage value prop
ied to the paym
, and USP (20

mate related fac
lo et al. (2006)
content throug

e mean percen
kind, however,
he example giv

and is intend
ifferent qualiti

ith an average 
cassava roots. 

uming a daily s
ween the two s
monetary differ
be R$ 66,800.0

epted as borde
 and USP (20
s adopt these 
formed for did
ntage was becau

mers who deliv
ed products wi
that products l

y of the produc
to concentrate 

perior to 30% s
5 

2017 

posed 
ment, 
016a) 

ctors; 
), and 
ghout 

tages 
 it is 

ven in 
ed to 
ies of 

yield 
With 
tarch 
tarch 
rence 
00. 

erline 
016a) 
same 

dactic 
use it 

vered 
th an 
ower 
t and 
their 

tarch 



jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 10; 2017 

251 

In view of the presented difficulties of the starch producers and farmers, imposed by planting limitations arising 
from climatic, soil and genetic factors, and the findings of this study, a methodology for quality evaluation that is 
slightly different from the one currently adopted is suggested. The current methodology only takes into account the 
Mwater mean values for 5 Kg of roots, 575 g, as indicated by CEPEA, DEAS, ESALQ, and USP (2016a), for 
calculating discounts and bonuses. 

After the completion of this study, it is believed that the adoption of the inferior and superior limits should also be 
taken into account. This study suggests that if an upper limit was applied in the middle of the year (June, July and 
August), when it would be possible for farmers to achieve higher starch contents, this would result in the worst 
quality crops, representing on average 10% of the raw materials received by the starch producer, not being 
harvested at this time. This would reduce the peak of delivery and the queue of trucks that arrive at the starch 
producer during those months and increase the delivery at other times when the requirements would be less. 

In summary, the average of 575 g of Mwater (30.5% of starch) would no longer be adopted for the whole year, 
instead 550 g of Mwater (29.71% of starch) would be used for the months of March, April, August, September, 
October, November and December, while 600 g of Mwater (31.4% of starch) would be used for the months of May, 
June and July, or another limit judged to be adequate. This action would have a dual purpose, reduce the 
exaggerated flow of deliveries during harvest and expand the interest of the farmer for deliveries made outside of 
this time, since in addition to the requirement for deliveries to be generally less often the price is also higher. 

The methodology proposed to the starch producers would be relatively simple to adopt. It would be more 
demanding during the harvest months, requiring a higher quality from the farmer, so they would not be subjected 
to discounts. In the months where there is greater difficulty in obtaining quality raw materials, the industry patterns 
are more benevolent, incentivizing farmers who have the product available to supply it, so that the starch producer 
does not need to remain idle. All values used in this paper were based on those proposed by CEPEA, DEAS, 
ESALQ, and USP (2016a), but each organization can adopt a bespoke methodology in accordance with their 
specific conditions, especially considering that throughout the study many differences between starch contents 
could be observed for the same months of different years. 

4. Conclusion 
It was concluded that the change in cassava starch contents occurred due to many factors, which are difficult for 
the farmer to control and that delivery concentrated in the middle months of the year generates disruption to the 
agro-industry. 

The cassava starch contents obtained from the roots showed large differences, despite the monthly averages not 
presenting statistically significant differences, in that daily starch values ranged from 24% to 34%. The 
calculations made for days worked with roots containing these different values, resulted in a high monetary 
difference, which causes a major management problem for the starch producer. 

In this context and with the evaluation of the prices received by the farmers throughout the three studied years, we 
believe that these changes in payment methodology would provide a good deal. Calculating based on the product 
classification by the mass in water, which is correlated to starch contents by models, could be more demanding in 
times that are more favorable and the targets could be less demanding at times when the industry is traditionally 
idle due to lack of raw materials. This would be used instead of performing discount and bonus calculations based 
solely on one value for the whole year. 

With this small modification we believe that the framers would better distribute the harvest throughout the year, 
since there would be a motivation for them to make cassava root deliveries out-of-season and there would be a 
reduction in harvesting excess during the season when the product increases in quality. 
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