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§  Postharvest 
Engineering and 
Agricultural 
Products Quality 

RESEARCH	LINE	
§  Postharvest Engineering 
§  Processing 
§  Drying 
§  Storage 
§  Agricultural Products Quality 
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RESEARCH	RESULTS	
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		DRYING CORN GRAINS X ETHANOL YIELD 
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C. Temperatura 120 0C
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F. Temperatura 120 0C

DRYING AND WETTING CORN GRAIN IN STORAGE X DIFFERENT VARIETIES 
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		DRYING AND STORING SOYBEAN AND SUNFLOWERS GRAINS X 
OIL AND QUALITY YIELD 
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Ponto 1: A = 0,43 m², Var = 0,78 m s-1, Tar = temp. ar  amb. (~23 °C) 
Ponto 2: A = 0,75 m², Var = 0,44 m s-1, Tar = temp. ar  amb. (~23 °C) 
Ponto 2: temperatura resistência elétrica (Tresel) = 96, 106 e 116 (°C) 
Ponto 3: A = 0,18 m², Var = 1,90 m s-1, Tar = 30, 40 e 50 (°C) 
Ponto 4: A = 1,78 m², Var = 0,19 m s-1, Tar = 30, 40 e 50 (°C) 
Ponto 5: A = 0,79 m², Var = 0,42 m s-1, Tar = 30, 40 e 50 (°C) 

(a) 

(b) 

(c) 

(d) 

(e) 

Ponto superior de 
amostragem 

Ponto médio de amostragem 

Ponto inferior de amostragem 

Ventilador 

Câmara de expansão de ar 

Plenum 

Câmara de secagem 

Células de secagem 

Resistências  
elétricas 

Câmara de  
redução de ar 

Termopar para controle da 
temperatura do ar de secagem 

2 

1 

3 

4 

Development	of	drying	system	
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Energy	performance	of	grain	dryer	
Energy	and	mass	balance	in	the	drying	process	(start)	

Pt:	 total	 weight,	 Ui:	 iniOal	 moisture,	 Pal:	 water	 weight	 in	 the	 iniOal	 condiOon,	 Pms:	
weight	 of	 total	 dry	 maPer,	 Uf:	 Final	 water	 content,	 Pa2:	 water	 weight	 for	 the	 final	
condiOon	 of	 the	 drying	 process,	 Qágua:	 total	 amount	 of	 water	 to	 be	 evaporated,	 Δrm:	
variaOon	of	 the	mixing	 raOo,	RM2:	 raOo	of	exhaust	mixture	RM1:	air	mixture	 raOo	 in	 the	
iniOal	 condiOon,	 dry	Mar:	 air	 mass	 total	 dry,	 Ti:	 iniOal	 temperature	 drying	 air,	 Tf:	 final	
temperature	 of	 the	 drying	 air,	 URi:	 iniOal	 relaOve	 humidity	 drying,	 URF:	 RH	 end	 of	 the	
drying	air.	

24	

Grains Air 
Pt  

(kg) 
Ui 

(%) 
Pal  

(kg water) 
Pms  
(kg) 

Uf 
(%) 

Pa2  
(kg water) 

Qwater  
(kg water) 

Ti  
(0C) 

Tf 
(0C) 

URi 

(%) 
URf 

(%) 
RM2  

(kg kg-1) 
RM1 (kg 

kg-1) 
∆  

RM 
Mdry air  

(kg dry air) 
150.72 22 33.1584 117.56 12 14.107 19.051 106.93 98.44 50 70 1.22 1.093 0.126 151.2 
150.72 12 18.0864 132.63 12 15.916 2.1704 106.93 98.44 50 70 1.22 1.093 0.126 17.225 

 
Energy	and	mass	balance	in	the	drying	process	(final)	

Air Dryer 

Ta  
(0C) 

URa  
(%) 

E2  
(kJ kg-1 
dry air) 

E1  
(kJ kg-1 
dry air) ∆E 

Et  
(kJ dry air) 

 
Ces  

(kJ kg-1) 
t  

(min) 

Qdry air  
(kg dry air 

min-1) 

Ve3  
(m3 kg-1 
dry air) 

Qv  
(m3 h-1) 

Cee 
(kJ kg-1) 

Ma  
(kg 

water) 
n  

(%) 
30 80 3,050.972 85,3536 2,965.619 448,397.1 2,975.03 23.556 6.4184852 0.845 325 23.53 17.12727 72.7685 
30 80 3,050.972 85,3536 2,965.619 51,083.2 338.92 2.683 6.4184852 0.845 325 23.53 0.000000 0.0000 

 



Grains	quality	in	the	drying	
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Germination of the grains (%) after drying	

Oil Yield (%) after drying 

Chambers 30 °C 40 °C 50 °C Initial 
1 9.1806 7.6145 11.9091 15.5191 

8.9136 7.7904 12.4291 15.3609 
2 10.2325 10.8582 12.6211 15.5191 

9.5503 10.9763 12.0572 15.3609 
3 9.0180 14.0316 14.1795 15.5191 

9.4142 14.7073 14.7600 15.3609 
4 9.7186 13.2295 14.1413 15.5191 

8.8342 12.6083 14.9981 15.3609 
	

Chambers 30 °C 40 °C 50 °C Inicial 
1 86%	 80%	 70%	 94% 

80% 82%	 72%	 92% 
2 80% 80%	 78% 94% 

82% 88% 72% 92% 
3 86% 86%	 72% 92% 

86% 86%	 72% 92% 
4 86%	 80% 78% 94% 

86%	 86% 76%	 92% 
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REAPROVEITATION OF RICE CASKS 

(c) Percentuais de ocorrência de 
cada destino dado à cinza 

resíduo - 
entulhos e 

aterros
75%
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53%

(a) Percentuais de ocorrência de 
cada sistemas de queima  

(b) Percentuais de ocorrência de 
cada sistema de escoamento das 
cinzas 

Figura 5 -  Características dos 
sistemas de queima da casca de 
arroz 

queima
97,3%

cocheira 
e ração
0,7%aviário

1,8% solo
0,1%

(c) Destino da casca descartada 
dos engenhos 

(b) Destino da casca produzida nos 
engenhos – queimada no próprio 
engenho ou descartada 

safra
30%

restante 
ano
70%

casca 
descartada

73%

casca 
queimada

27%

Figura 4 – Dados sobre a casca de 
ar roz levantados junto aos 
engenhos 

(a) Percentual de casca 
queimada na safra e no restante 
do ano nos engenhos consultados 
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Early	detec;on	of	spoilage	in	stored	grain	
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Dry	maWer	losses	and	quality	of	corn	grains	stored	under	different	temperature	and	
rela;ve	humidity	condi;ons	
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		Evalua;on	of	mycotoxins	in	corn	grains	
stored	under	different	condi;ons	of	

rela;ve	air	temperatures	and	humidity	
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Stored soybean cooling 

y = -1,2233x + 35,733
R² = 0,9996*

y = -0,6033x + 25,697
R² = 0,9669*
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Costs	of	recep;on	 Costs	of	cleaning	

Costs	of	drying	 Costs	of	storage	
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Corn dryer-aeration 

Corn dryer-aeration 

Corn drying 
Corn pre-cleaning 

Corn receiving 

Corn storage 

          Soybean meal storage 

             Soybean meal storage 

                    Soybean meal receiving 

Vegetables and animal 
meals storage 

Feed expedition 

      Feed production 

Microingredients 
storage 

Future area 

QUALITY	CONTROL	AND	LOSS	REDUCTION	IN	RAW	
PRODUCTION	PROCESSES	IN	FEED	MILL	
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CRITICAL	POINTS	IN	THE	FEED	MILL	



Distribution of fungi and 
bacteria in the production 
flow of products, by-
products and feed. 
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 Original  
Corn (0) 

 Cylinder 
  22´ 

 Large   Cylinder 
  15´ 

 Medium  

 Manual Sieve (2540) 

Fines/Dust 

Large Low 
Density (2) 

Large High 
Density (1) 

 Gravity 
Table 

Gravity 
Table 

Medium High 
Density (3) 

Medium Low 
Density (4) 

Gravity 
Table 

Small 

Small Low 
Density (6) 

Small High 
Density (5) 

Coarse (7) 

Aspiration 

Fines (8) 

Aspiration (9) 

Total distribution of 
aflatoxins and 
fumonisins in 

fractions of maize 
separated by size and 

density in storage 
unit	
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Separation	

Physical Analysis	 Microbiology Analysis	 Mycotoxin Analysis	
Fraction  

(kg)	
Fraction  

(%)	
Density	
(g.cm-3)	

Water	
Content 

(%)	

Fusarium spp. 
(10-1)	

(CFU).g-1	

Aspergillus 
spp. (10-1) 
(CFU).g-1	

Total 
aflatoxin	

(ppb)	

Total 
fumonisin	

(ppm)	
Original Corn	 35.250	 100.00	 1.2479 C	 11.78 A	 31.33   A	 65.67  B	 71.3    C	 4.2 D	
Large High Density	 17.249	 48.93	 1.4295 D	 11.71 A	 27.33   A	 25.33  A	 18.0    A	 0.5  A	
Large Low Density	 6.489	 18.40	 1.5027 D	 11.78 A	 31.67   A	 59.00   B	 29.8   B	 0.7  A	
Medium High Density	 5.680	 16.11	 1.4193 D	 11.91 A	 46.67   B	 86.33   C	  96.3   D	 1.3  B	
Medium Low Density	 3.432	 9.73	 1.2740 C	 11.36 A	 59.00   B	 120.00 D	 78.8   C	 2.6  C	
Small High Density	 1.529	 4.33	 1.2057 C	 11.74 A	 57.33   B	 236.33 F	 85.0   C	 2.9  C	
Small Low Density	 0.489	 1.38	 0.8805 B	 11.52 A	 139.67 C	 171.33 E	  98.5   D	 9.5  E	
Coarse	 0.206	 0.58	 0.8112 B	 11.07 A	 131.45 C	 177.35 E	 160.3  E	 9.4. E	
Fines	 0.111	 0.31	 0.7449 B	 10.52 A	 135.00 C	 163.33 E	 159.3  E	 9.1  E	
Aspiration	 0.068	 0.19	 0.1158 A	 10.46 A	 128.67 C	 171.00 E	 166.0  E	 12.6 F	

Distribution of different levels of contamination in corn fractions	

Density 	
(g.cm-3)	

Fractions 
(%)	

Fusarium spp. 	
(%)	

Aspergillus spp.	
 (%)	

Aflatoxin 	
(%)	

Fumonisin 	
(%)	

1.4193 - 1.4295	 83.44 D	 13.97 A	 14.10 A	 16.15 A	   5.14 A	
0.8805 - 1.4193	 14.06 C	 15.37 A	 29.45 B	 18.36 A	 11.32 B	
0.7449 - 0.8805	   2.27 B	  53.66 B	 42.31 C	 46.87 B	 57.61 D	
0.1158 - 0.7449	    0.19 A	 17.00 A	 14.14 A	 18.70 A	 25.93 C	

Comparisons of contamination levels in corn fractions by density	

40	

Total distribution of aflatoxins and fumonisins in fractions of maize separated by size 
and density in storage unit	



 

  

              

 
 
 
 

 

 

 
 
 
 
 
 
 
                                  
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Sampling 

Total Contaminated  
Corn  

      Medium High Density 

           Large High Density Sampling 

  Mixing of Contaminated Corn  
and Clean Corn (1,2) 

  

Sampling 

By-Products 
(1,2) 

Mixing  
Corn and By-Products 

(1,2) Sampling 2 

Pellet Mill 
82 ºC (1,2) 

Condition Time 
(1,2) 

30 seconds 

Grinding  
32.39 kg 

Contaminated  
Corn (1) 
4.08 kg  

 

Contaminated  
Corn (2) 
28.30 kg 

Total Clean  
Corn  

Clean Corn (1) 
91.09 kg 

 

Clean Corn (2) 
66.87 kg 

 
 

Grinding  
157.96 kg 

Sampling 2 Sampling 1 

Sampling 1 

Soybean meal  
(1,2) 

Fish meal  
(1,2) 

Monocal 
(1,2) 

Limestone 
(1,2) 

Salt 
(1,2) 

Methionine 
(1,2) 

Lysine 
(1,2) 

NB3000 
(1,2) 

Soy oil (1,2) 

Sampling 1 

Sampling 2 

Sampling 1 

Sampling 2 

Sampling 2 

Sampling 1 

45 seconds 

60 seconds 
30 seconds 45 seconds 60 seconds 

Sampling 1 Sampling 2 Sampling2 Sampling1 Sampling1 Sampling 2 

           Large Low Density 

      Medium Low Density 

      Small High Density 

      Small Low Density 

      Coarse 

                Aspiration 

Sampling 

Sampling 

Sampling 

Sampling 

Sampling 

Sampling 

Sampling 

Sampling 

                Fines 

Sampling 

Reductions of aflatoxins 
and fumonisins in pelleted 
and mashed rations using 

different feed times at 
pelleting temperature and 

in relation to different 
levels of initial 

contamination of maize 
used in the feed 

formulation for poultry	
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Processing	

Water Content 	
(%)	

Fusarium spp. 	
10-1 (CFU).g-1	

Aspergillus spp. 	
10-1 (CFU).g-1	

Total Aflatoxin 	
(ppb)	

Total Fumonisin  
(ppm)	

Low	 High	 Low	 High	 Low	 High	 Low	 High	 Low	 High	
Mixing Corn	 12.9 Bb	 11.7 Ba	 38.7 Ca	 65.3 Cb	  22.3 Ba	 76.0 Bb	 10.5 Aa	 112.6 Cb	 0.4 Aa	   1.7 Ab	
Mix. Feed Ingr.	 10.8 Aa	 10.6 Aa	 27.7 Ba	 55.0 Bb	  24.7 Ba	 75.0 Bb	   9.2 Aa	   86.3 Bb	 0.7 Aa	   2.2 Ab	
Condit.Time	 15.1 Ca	 14.5 Ca	   0.0 Aa	  0.0 Aa	    0.0 Aa	  0.0 Aa	 18.3 Ba	 151.7 Db	 5.3 Ca	 14.5 Bb	
Pellet Feed	 12.9 Ba	 12.7 Ba	   0.0 Aa	  0.0 Aa	   0.0 Aa	  0.0 Aa	   8.5 Aa	   49.5 Ab	 2.6 Ba	   2.5 Aa	

 
Processing	

Water Content 	
(%)	

Fusarium spp. 	
10-1 (CFU).g-1	

Aspergillus spp. 	
10-1 (CFU).g-1	

Total Aflatoxin  
(ppb)	

Total Fumonisin  
(ppm)	

Low	 High	 Low	 High	 Low	 High	 Low	 High	 Low	 High	
Mixing Corn	 12.9 Bb	 11.7 Ba	 38.7 Ca	 65.3 Cb	 22.3 Ba	 76.0 Bb	 10.5 Ca	     112.6 Db	 0.4 Aa	   1.7 Bb	
Mix. Feed Ingr.	 10.8 Aa	 10.6 Aa	 27.7 Ba	 55.0 Bb	 24.7 Ba	 75.0 Bb	   9.2 Ca	   86.3 Cb	 0.7 Aa	   2.2 Bb	
Condit.Time	 15.6 Ca	 16.1 Da	   0.0 Aa	  0.0 Aa	   0.0 Aa	  0.0 Aa	   4.5 Ba	    5.5 Ba	 0.0 Aa	   0.4 Aa	
Pellet Feed	 12.9 Ba	 12.7 Ca	   0.0 Aa	  0.0 Aa	  0.0 Aa	  0.0 Aa	    2.3 Aa	    2.5 Aa	 0.0 Aa	   0.3 Aa	
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Reductions of aflatoxins and fumonisins in the pelleted and lean meal	



 
Processing	

Water Content 	
(%)	

Fusarium spp. 
10-1 (CFU).g-1	

Aspergillus spp. 
10-1 (CFU).g-1	

Total Aflatoxin  
(ppb)	

Total Fumonisin  
(ppm)	

Low	 High	 Low	 High	 Low	 High	 Low	 High	 Low	 High	
Condit.Time (30 Sec.)	 15.5 Aa	 14.6 Aa	 0.0 Aa	 0.0 Aa	 0.0 Aa	 0.0 Aa	 20.5 Ba	 140.0 Bb	 6.1 Ba	 14.8 Bb	
Condit. Time (45 Sec.)	 15.1 Aa	 14.5 Aa	 0.0 Aa	 0.0 Aa	 0.0 Aa	 0.0 Aa	 18.3 Ba	 151.7 Bb	 5.3 Ba	 14.5 Bb	
Condit. Time (60 Sec.)	 15.6 Aa	 16.1 Aa	 0.0 Aa	 0.0 Aa	 0.0 Aa	 0.0 Aa	   4.5 Aa	     5.5 Aa	 0.0 Aa	   0.4 Aa	

Comparisons of mycotoxin levels for different ration exposure times (30 seconds, 45 seconds, and 60 
seconds) at the temperature of 82 ° C before pelleting	

 
Processing	

Water Content 	
(%)	

Fusarium spp. 
10-1 (CFU).g-1	

Aspergillus spp. 
10-1 (CFU).g-1	

Total Aflatoxin 	
(ppb)	

Total Fumonisin 
(ppm)	

Low	 High	 Low	 High	 Low	 High	 Low	 High	 Low	 High	
Pellet Feed (30 Sec.)	 14.3 Bb	 12.4 Aa	 0.0 Aa	 0.0 Aa	 0.0 Aa	 0.0 Aa	 8.3 Ba	 58.8 Bb	 2.8 Ba	 6.5 Bb	
Pellet Feed (45 Sec.)	 12.9 Aa	 12.7 Aa	 0.0 Aa	 0.0 Aa	 0.0 Aa	 0.0 Aa	 8.5 Ba	 49.5 Bb	 2.6 Ba	 2.5 Ba	
Pellet Feed (60 Sec.)	 12.9 Aa	 12.7 Aa	 0.0 Aa	 0.0 Aa	 0.0 Aa	 0.0 Aa	 2.3 Aa	    2.5 Aa	 0.0 Aa	 0.3 Aa	
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Comparisons of mycotoxin levels for the different ration exposure times (30 seconds, 45 seconds, and 60 
seconds) at the temperature of 82 ° C after pelleting	
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		DRYING AND STORAGE COFFEE 

 

 

Entrada 
do  

plenum 

Entrada 
do ar de 
secagem 

 

Termopares 
(tipo J)  
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T.S.¹ 

                     Natural                    Despolpado 
                     Tempo                    Tempo 

 Zero 90 dias 180 dias Zero 90 dias 180 dias 
Ter.²  74,3     B a    73,3 B a  74,1 B a 80,8 A a 80,3 A a 80,8 B a 
40ºC 72,2 A B a 73,5 B a 73,4 B a 81,3 A a 80,2 A a 77,4 A a  
60ºC  68,1 A    a 70,8 A a   70,8 A a 79,6 A a 81,0 A a 78,0 A a     

 

      
T.S.¹ 

                     Natural                    Despolpado 
                     Tempo                    Tempo 

 Zero 90 dias 180 dias Zero 90 dias 180 dias 
Ter.² 0,85 C b    0,75 C b 0,64 C a 0,47 C b  0,37 C a 0,38 B a 
40ºC 0,64 B b 0,62 B b   0,58 B a 0,35 B b 0,32 B b 0,25 A a  
60ºC 0,57 A b      0,47 A a      0,45 A a  0,27 A b     0,19 A a   0,22 A a     

 

Beverage quality 

Sugar content  
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Teaching, Research and Extension Activities 
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Teaching, Research and Extension Activities 
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Teaching, Research and Extension Activities 
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