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A new technique is developed for cassava (Manihot esculenta Crantz) root dry- 
matter estimation. It is based on the use of a common microwave oven and a 
top-load balance. The methodology is simple, quick and accurate. The results 
are comparable to the ones obtained by the AOAC methodology. 

INTRODUCTION 

Since 1972 it has been known (Teles & Scholz, 1972) 
that there is a correlation between cassava (Manihot 
esculenta Crantz) root dry-matter and starch content. 
This correlation is understandable since more than 90% 
of the cassava root dry-matter is composed of starch 
and starch components, such as amylose, amylopectin 
and soluble carbohydrates. 

Identical correlation was also observed in tubers, 
especially potatoes (Howard, 1974; Smith, 1975; 
Borgstrom, 1976; Vakis, 1978). 

For both cassava and potatoes, when the processing 
plants are bought from the farmer, the price of the 
roots and tubers are established depending upon their 
dry matter content, i.e. higher prices for higher content 
(Bettelheim & Sterling, 1985). 

In the potato industry, the problem with dry-matter 
determination is minimized since there is a good corre- 
lation between dry matter and specific gravity of the 
tubers (Zaag, 1976; Kramer, 1977; Vakis, 1978). In 
cassava, however, the correlation is very poor because 
of the root format and empty spaces inside the roots, 
but there is an acceptable correlation between dry 
matter content and real density of the roots. (Teles & 
Scholz, 1972). But, the determination of real density of 
cassava roots is an operation not easily performed 
using industrial facilities, and it, obviously, would 
cause a severe delay in paying the farmers. It is 
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therefore necessary to speed up the dry-matter content 
determination in the cassava industries. 

Microwaves have been used for total solids determi- 
nation since 1972 (Borzani & Prada, 1971). However, 
some difficulties were encountered when cassava roots 
were tested. 

The determination of cassava tuber dry-matter, if 
carried out according to AOAC (1975), Battisti (1979) 
or Silva (1981) is an operation which is both laborious 
and time-consuming. In order to avoid those difficulties 
and improve the accuracy of the dry-matter determina- 
tion on fresh cassava roots, the present study was 
undertaken. 

MATERIALS AND METHODS 

The three biggest roots of the same cassava plant (variety 
'P~o do Chile', 20 months old, commercially cultivated 
in the state of Minas Gerais, Brazil) were harvested 
and immediately brought to the laboratory of the 
Department of Chemistry at the Universidade Federal 
de Vigosa-MG. 

The roots were washed under tap water, dried with a 
cotton towel, and sliced into 10-mm high rings. The 
roots' proximal and distal endings were discarded. The 
rings were cut into small cubes, approximately 1 cm 3 
each, and homogenized by hand mixing. 

Approximately 20.0-g samples were transferred to 
clean, dry and tared glass Petri dishes. The operation 
was done as quickly as possible and the dishes immedi- 
ately covered to prevent moisture loss during handling. 
A Mettler top-load balance (Fortaleza, Brazil) with 
0.01 g precision was used. 
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Table 1. Percent moisture content of  cassava roots as determined by a microwave oven set at medium power, at different 
time intervals 

es  3 6 9 12 15 18 21 24 27 30 33 

1 10.93 25-22 36.87 47.27 53-21 57.25 58.41 59.14 59.51 59.72 59-72 
2 12.80 27.37 37-57 45.69 50.63 55.21 57.97 59.21 60.20 60.57 60.83 
3 12-07 23.71 35.87 45.09 51-30 54.35 56-63 58.39 58.96 59-37 59.84 
4 11.44 23.13 33.53 41.12 47.09 53-18 55.77 57.49 58.32 59.10 59.26 
5 7-46 21.81 33.01 40.46 48.30 53-26 56.06 57.82 58-69 59-42 59.76 

Average 10.94 22-25 35.37 43.93 50.11 54.65 57.11 58.41 59.14 59.64 59-88 
SD 1.849 4.910 1.805 2.666 2.177 1.500 1.175 1 . 1 7 5 "  0.688* 0.658 0.515" 

*Averages not statistically different from the AOAC results, by the t-test (P < 0.05). 

Table 2. Percent moisture content of  cassava roots as determined by a microwave oven set at high power, at different 
time intervals 

S 3 6 9 12 15 18 21 24 

1 12.48 31.32 45.80 52.61 56.82 59.07 59-87 60.28 
2 14.73 28-07 40.69 50.29 56.65 59.52 61-16 61.16 
3 14.38 30-27 42.87 50.82 56.25 59.75 60.54 60.90 
4 13.97 33.42 44.28 51.66 56.39 59.40 60.61 61.01 
5 16-21 33.21 46-03 53.29 60.04 60.54 61.29 61-64 

Average 14.35 31.26 43.93 51.73 57.23 59-66 60.69 60.99 
SD 1.346 5.590 2.216 1.236 1.586" 0.551" 0.566* 0.490* 

*Averages not statistically different from the AOAC results, by the t-test (P < 0.05). 

Sets of  11 samples were taken to a Panasonic 
(S. Paulo, Brazil) microwave oven (2450 MHz,  500 W, 
rotative plate) set at 'medium'  position, and samples 
were taken every 3 min (33 min total). During drying, 
the Petri dish covers were put under the bot tom of  each 
dish to preserve the analytical order and precision. The 
operation was repeated five times (replications) in a 
total of  55 samples. The samples were covered and 
weighed immediately after being taken from the oven, 
and kept covered. 

Another set of  five batteries of  only 8 samples each 
(40 samples total) were taken, and the microwave oven 
was set now to the 'high' position, and operated as 
described above at 3-min intervals (24 min total). 

Another set of  give samples was analysed according 
to the method recommended by AOAC (1975) and 

Table 3. Percent moisture content of cassava roots as 
determined according to the method recommended by the 

A O A C  (1975) 

Sample No. Percent moisture 

1 57.50 
2 57.65 
3 58.14 
4 58.19 
5 58.64 

Average 58.024 
SD 0.408 

modified by Silva (1981)--hot oven, 48 h at 75°C 
followed by 1 h at 100°C. 

RESULTS AND D I S C U S S I O N  

The results expressed in percent moisture are shown in 
Table 1 (medium power), Table 2 (high power) and 
Table 3 (AOAC, 1975). 

Before analyzing the results statistically, a few obser- 
vations should be made, such as: even in the high 
position, samples dried for only 9 rain were still moist, 
being very difficult to grind; at 12 min one cube was 
still soft, and after 18 min the samples seemed slightly 
burnt, which, of  course, would render difficult further 
analyses such as digestible and/or soluble carbohydrate 
determinations, etc. 

The t-test at 5% probabili ty was chosen for compari-  
son of  the results. There was no difference between the 
results obtained when the samples were dried at 
medium power, after 21 min, or after 15 min when 
dried at high power. 

When comparing these results with the ones obtained 
by the AOAC recommended method, there was also no 
difference. Considering this, the new methodology is 
much easier and more rapid than the one recom- 
mended by the AOAC (1975). 

The use of  a reliable top-load balance greatly acceler- 
ates the analysis, firstly because it is much easier to 
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operate than the classical analytical balance, and second, 
because there is no need for temperature stabilization 
time in a silica gel desiccator, since the Petri dishes do 
not get so hot in the microwave oven as in a conven- 
tional heat-convection oven. 

The results agree with those in the literature 
(Charley, 1970; Gray,  1972; Teles & Scholz, 1972; 
Eipeson & Paulus, 1973). 

Based on the above discussion, the methodology pro- 
posed in this work could advantageously be used in the 
cassava industry or in the laboratory as a 'first action' 
method. 

REFERENCES 

AOAC (1975). Official methods of analysis of the Association 
of Official Analytical Chemists (12 edn). Association of 
Official Analytical Chemists, Washington DC, USA. 

Battisti, C. R. (1979). Determinac/~o de toxicidade 
cianog6nica e carboidratos em cultivares de mandioca (M. 
Esculenta Crantz) e sacarificac~o do amido por extrus/~o. 
M.S. Thesis, Imprensa Universit~tria, Vi¢osa-MG, Brazil. 

Bettelheim, F. A. & Sterling, C. (1985). Factors associated 
with potato texture. 1. Specific gravity and starch content. 
Food Res., 20, 71-80. 

Borgstrom, G. (1976). Principles of Food Science, Vol. 1. (2nd 
edn). Food and Nutrition Press, Connecticut, USA. 

Borzani, W. & Prado, A. de O. (1972). Use of microwave 
oven for determining the moist content of banana, cassava 
flour, pressed yeast and clay. Rev. Brass Tecnologia, 3, 
25-8. 

Charley, H. (1970). Food Science. The Ronald Press, New 
York, USA. 

Eipeson, W. E. & Paulus, K. (1973). Investigations on 
some constituents of potatoes and their influence on the 
behaviour during canning. Potato Res., 16, 270-84. 

Gray, D. (1972). Some effects of variety, harvest date and 
plant spacing on tuber breakdown on canning, tuber dry 
matter content and cell surface area in the potato. Potato 
Res., 15, 317-34. 

Howard, H. W. (1974). Factors influencing the quality of 
ware potatoes. 1. The genotype. Potato Res., 17, 490- 
511. 

Kramer, A. (1977). Food and the Consumer (3rd edn). The 
AVI Publishing Company, Westport, Connecticut, USA. 

Silva, D. J. (1981). Andlise de alimentos (M6todos quimicos e 
biol6gicos). Imprensa Universit~iria, Vigosa-MG, Brazil. 

Smith, O. (1975). Potato chips. In Potato Processing, (3rd 
edn), ed, W. F. Talburt & O. Smith. The AVI Publishing 
Company, Westport, Connecticut, USA, pp. 305402. 

Teles, F. F. F. & Scholz, H. K. B. W. (1972). Pesquisas 
tecnol6gicas sobre mandioca. Fortaleza-CE, Brazil, Ed. 
ETENE/BNB. 

Vakis, N. J. (1978). Specific gravity, dry matter content and 
starch content of 50 potato cultivars grown under Cyprus 
conditions. Potato Res., 21, 171-81. 

van der Zaag, D. E. (1976). Potato production and utilization 
in the world. Potato Res., 19, 37-72. 


