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Alikhani, Z., Raghavan, G.S.V. andBlock,E. 1991. Effect of partic
ulate medium drying on nutritive quality of corn. Can.Agric.Eng.
33:079-084. Nutritive quality of corn that was dried by mixing with
heatedparticulate media was studied.The com used in phaseI of this
study was dried either with a synthetic zeolite (molecular sieve 13X)
or sand. The heat-treated com was subjected to in vivo analysis using
rats. The com used in phase II was dried by mixing with a natural
zeolite (chabazite) or sand. The dried corn in this part of the study was
subjected to chemical analysis using laboratory techniques. Results of
feeding experiments using rats did not indicate that the nutritive
quality of corn dried for 120 - 240 s with the particulate media having
an initial temperature of 150 - 250°C was adversely affected. Simi
larly, Acid Detergent Fiber analysis did not show a significant
reduction in the availability of protein for corn that was dried for 1000
s with the particulate media having initial temperatures in the range of
120-240°C.
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La qualite nutritive des grains de mais, seches au contact de
particules chauffees, a ete etudiee. Dans la premiere experience, la
mais a ete seche en le melangeant soit a des particules de zeolite
synthetique (treillis moleculaire 13X), soit a du sable chauffe. Les
echantillons de mais ainsi traites ont servi de ration a des rats lors

d'essai in vivo. Dans la seconde experience, la mais a ete seche en le
melangeantsoit a des particules de zeolite naturelle (chabazite) soit a
du sable. Des analyses chimiques ont servi a comparer la qualite des
echantillons de mais seche ainsi obtenus. Les experiences in vivo ont
revele que la qualite nutritive du mais n'etait pas affectee de facon
defavorable, lors d'un sechage de 120 a 240 s par des particules dont
latemperature initiale etaient de 150a 250°C. Lesanalyses surlafibre
detergenteacide ont revele qu'il n'y avait pas de reductions significa-
tivesde la disponibilite des proteines lors d'un sechage de 1000 s avec
des particules dontla temperature initiale etaient de 120a 240°C.

INTRODUCTION

It is well-known that the drying of corn is an integral part of
modern corn production operations. It is also well-known that
during drying, heat will result in some changes in the proper
ties of the dried corn. The end use of the corn will determine

whether these changes are beneficial or not.
Corn is essentially considered to be a feed grain (Watson

1982). In the United States, where about half of the world corn
is grown, about 90 percent of the non-exported corn is used for
animal feed (Hodge 1982). It is believed that in many other
countries, too, the main use of corn is for animal feed (Watson
1982). Therefore, new methods of drying corn should be ex
amined in view of using the dried corn as material for animal
feed.

Researchers have pointed out the advantages, in terms of

CANADIAN AGRICULTURAL ENGINEERING

improved heat transfer coefficient and accelerated drying, of
using a granular material as the medium for heat transfer.
Furthermore, the use of a particulate medium and recirculating
it enhance the thermal efficiency of the system by utilizing the
sensible heat of exhausted medium. This can not be easily
achieved in the conventional air drying system because the air
would be saturated. A detailed description of the advantages
of using particulate media is given in the literature (e.g.
Raghavan and Alikhani 1986).

While a variety of materials have been used as the particu
late medium for grain drying judging from the published
research papers, sand appears to be the most commonly used
material. Raghavan and Alikhani (1986) reported on the poten
tial of synthetic zeolites for drying corn. By comparing the
amount of moisture removed when using zeolites with that of
sand, they concluded that zeolites are better than sand as a
medium for drying corn. More recently, Alikhani (1990) stud
ied the kinetics of moisture sorption in a mixture of corn and a
natural zeolite (chabazite). Com from the former drying exper
iments was subjected to in vivo analysis and that from the
latter, to chemical analysis. Thus, the objective of the present
study was to evaluate the quality of the heat treated corn as a
feed material.

This paper includes the result of the two separate studies,
referred to as Phase I and Phase II, which deal with the effect
of thermal treatment with granular media on the nutritive
quality of the dried corn.

REVIEW OF LITERATURE

The effect of accelerated heating and drying on corn and the
effect of residual zeolites on dried corn are two distinct aspects
of the process. The background on these subjects is presented
in the following two sections.

Zeolites and animal feed

The unique properties of zeolites have resulted in a variety of
applications of this material. Zeolites have been included in
the diets of several species of animals and their responses
studied.

Several researchers have reported improved body weight
gain and efficiency of feed utilization by experimental animals
due to supplemental diets of natural zeolites (e.g. Mumpton
and Fishman 1977; Ma et al. 1984; Vruzgula and Bartko
1984). Nestrov (1984) extensively studied the effect of zeo
lites in the diets of beef cattle, sheep, pigs, and poultry, and
reported an improved weight gain. Evaluation of meat from
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theseanimals did not show any detrimental effecton quality.
Sweeny etal.(1984) stated thatanimprovement innitrogen,

organic matter, and acid detergent fiber digestibility was
achieved when 5percent clinoptilolite zeolite wasadded tothe
diets of growing steers and heifers.

The effect of the zeolite ration on the quality of milk was
studied by Garcia-Lopez et al. (1988). They reported positive
resultsdue to a dietary supplementof a natural zeolite.

Clinoptilolite is by far the mostabundant type of the sedi
mentary zeolites (Hawkins 1984). The availability of
clinoptilolite could be the main reasonfor its widespread use
in animal nutrition studies.

Synthetic zeolites,because of their industrial applications,
have also been the subject of animal nutrition studies as re
gards to the animals' safety. It was reported that an intakeof 5
g/kg body weight for rats did not produce any ill effects; and
rats have been shown to survive doses of 32 g/kg (Breck and
Anderson 1981).

White and Ohrlogge (1974) reported on the effect of intro
ducing natural and synthetic zeolite into the rumen of the
animals under study. They stated that the "take-up of ammonia
by the cation exchange zeolite during the fermentation period
permits the addition of supplemental nitrogen to the animal
feed while protecting the animal against the production of
toxic levels of ammonia."

Raetskaya (1987) attributed the beneficial effects of zeolite
diets on growth of animals to "their ability to bind metallic
cations rendering them more available to animals." He also
pointed out that zeolites can absorb toxic products of digestion
and thus decrease the accumulation of toxic substances in
tissues.

Quality of heat treated corn

Quality is generally considered as the degree ofexcellence, but
in a broad sense as used in quality control, it represents the
specifications to be met within the tolerance limits (Kramer
and Twigg 1970). When speaking of the quality of the dried
corn, one should bear in mind the intended use of the product.
Grain corn is used mainly for animal feed (Bakker-Arkema et
al. 1978). The following review of the literature will focus on
theeffect of heat treatment of corn's quality asa feed material.

Cabell et al. (1958) reported that prolonged heating of corn
at temperatures above 57°C decreased the nutritive value of
corn proteins for rats. Heating at temperatures as high as
116°C for shorter periods of time (2.5 hours) did not have
detrimental effects. Miihlbauer and Christ, cited by Bakker-
Arkema et al. (1978), studied the effect of kernel temperature
and the duration of exposure to that temperature on the nutri
tivevalueof corn.Rapiddryingat 180°C(7 min)resultedin a
better quality of grain than did drying at 140°Cfor 21 min or

160°C for 14 min.
Hathaway et al. (1952) studiedthe effectof seventempera

ture levels (room temperature to 115.6°C) on drying high
moisture corn. They reported significant differences in the
response of animals in terms of weight gain depending on
temperature. Emerick et al. (1961) reported on drying high
moisture corn using airtemperatures upto232°C. While corn
dried at 177 and 232°C showed considerable damage, the
performance of experimental animals wasnotaffected by the
drying temperature as much as indicated by Hathaway et al.
(1952).

Sullivan et al. (1975) extensively studied the effect of feed
ingheat-treated cornon the weight gainand gain-to-feed ratio
efficiency of 72 yearling Holstein steers. The trials included
feeding non-treated and corn treated at 83, 104, and 127°C
(grain temperature). They reported that average daily gains
were not significantly different but feed efficiency increased
linearly with increased temperature.

It is known that nutritional requirements of various live
stock are different as, also the animals' response to processed
grain. Church (1984) stated that ample evidence exists to show
that heating ofcereal grains results in more efficient utilization
of the feed by ruminants. Hatfield and Wilson (1973) stated
that if thermal processing causes heat damage to corn protein,
the availability of aminoacids for non-ruminants will be more
affected than that for the ruminants.

Hatfield and Wilson (1973) remarked that drying tempera
ture, at some level, will have a measurable effect on the
nutritive value of corn. They added that the adverse effect of
extreme drying temperatures can be minimized by reducing
the exposure time.

MATERIALS AND METHODS

Phase I (molecular sieve and sand media)

The particulate media were sand and synthetic zeolite (molec
ular sieve 13X). The molecular sieve was a product of Union
Carbide. Structural formula of the molecular sieve is
Na86[(A102)86 (SiO2)i06]-276H2O. Characteristic properties
of the particulate media are given in Table I.

Naturally moist corn (yellow dent) was dried from an aver
age initial moisture content of 33.3 percent (wb). In this part
of the study the initial media temperatures were 150,200 and
250°C. The media were heated in an electric oven. The heated
medium was mixed with the moist corn in a batch type rotary
dryer. When the residence time was over, the grain was easily
separated from the heating medium by means of a wire screen.
Detailsof the drying procedure and the dryer employed in Phase
I are given in Raghavan and Alikhani (1986). Operating condi
tions of the drying experiments are summarized in Table II. After
grinding in a Wiley Mill using a 1 mm screen and adding other

Table I. Characteristic properties of the particulate media

Medium Particle size

(mm)

Thermal conductivity
(Wun^K-1)

Specific heat

(J-g-1 -K"1)
Bulk density

(kg/m3)

Molecular sieve 13X 1.7 - 2.4

Chabazite 0.8 -1.7

Sand 0.3 - 0.5

1.40

1.50

0.26

0.988

0.724

0.796

640

850

1657
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Table II. Drying conditions used in Phase I and Phase II

Phase

n

Treatment Medium MGMR* Drying time

(s)

Medium

Temp. (°C)
MRP**

1 13X 6:1 240 150 6.39

2 13X 6:1 180 200 7.96

3 13X 6:1 120 250 13.25

4 sand 6:1 240 150 4.09

5 sand 6:1 180 200 6.37

6 sand 6:1 120 250 7.65

7 chabazite 3:1 1000 140 6.66

8 chabazite 3:1 1000 160 8.14

9 chabazite 3:1 1000 180 9.70

10 chabazite 3:1 1000 200 12.27

11 chabazite 3:1 1000 220 14.61

12 sand 3:1 1000 140 4.10

13 sand 3:1 1000 160 4.38

14 sand 3:1 1000 180 4.87

15 sand 3:1 1000 200 5.12

16 sand 3:1 1000 220 6.72

* Medium-to-grain mass ratio
** Moisture removed in percentage points

ingredients (Table III), the dried corn was made into pellets .
These pellets were used for in vivo digestibility analysis, fed
to young male rats of the Sprague-Dawley breed.

Thirty rats (five per diet) were housed in individual cages
equipped to collect all faeces and urine. Their body weight,
and the amounts of feed consumed and faeces excreted were
recorded daily. This information was used to calculate the
digestibility of dry matter and crude protein.

Phase II (natural zeolite and sand media)

The two different particulate media used in this part of the
study were a natural zeolite (chabazite) and sand. Chabazite
mined from Christmas, Arizona, was obtained from Minerals
Research, New York. Characteristic properties of the chaba
zite are given in Table I and its structural formula is
Ca2[(A102)4(Si02)8]-13H20.

The processes of heating the medium in an electric oven,

Table III. Composition of the diets fed to rats

mixing the particulate medium and corn in the dryer, and
separating them were the same as in Phase I; but different
initial media temperatures, residence times, medium-to-grain
mass ratios were used (Table II). Also, an adiabatic batch dryer
was employed in phase II. Details of this dryer are given in
(Alikhani 1990).

In this part, chemical analyses were employed to evaluate
the quality of the dried corn. The protein content of the dried
corn was assessed by measurement of Kjeldahl nitrogen
(AOAC 1980). The method suggested by Goering and Van
Soest (1970) was used to determine the percentage of Acid
Detergent Fiber (ADF) nitrogen in the heat treated and un
treated corn. The ADF nitrogen indicates the percentage of
protein which was unavailable for digestion via a browning
reaction that renders the protein indigestible by intestinal en
zymes (i.e. heat-damaged).

RESULTS AND DISCUSSION

Results of the in vivo digestibility in terms of digestibility of
dry matter and digestibility of crude protein are presented in
Tables IV and V. When the results were statistically analyzed,
the nutritive quality of the various heat-treated corn grains did
not significantly differ. The comparison was made among the
treatments subjected to different initial medium temperatures
(150, 200, 250°C), and residence times (120, 180, 240 s) for
two types of media (synthetic zeolite or sand). The acceptabil
ity as shown by feed intake of the dried corn was not affected
by different treatments either (Table IV).

Samples of heat-treated and untreated corn were analyzed
for protein content. Grain surface temperature during the dry
ing process ranged, on the average, between 60 and 95°C.

Ingredient

Dried com

Casein

Com Oil

Alphacel
Mineral premix

Vitamin premix
Choline chloride

Dl-methionine

% of the total diet

65.36

11.14

10.00

7.00

4.00

2.20

0.20

0.10

CANADIAN AGRICULTURAL ENGINEERING 81



Table IV. Digestibility of dry matter by rats fed diet
based on treated corn

Diet Avg. intake Avg. digestibility Avg. digestible intake

<g) (%> (g>

1* 156.0

2 149.4

3 157.5

4 152.8

5 169.1

6 162.6

81.7

82.5

83.3

82.7

82.5

82.0

127.5

123.3

131.1

126.3

139.4

133.2

For the description of drying conditions of these diets refer to
Table H.

Table V. Digestibility of crude protein by rats fed a diet
based on the treated corn

Diet Avg. intake Avg. digestibility Avg. digestible intake

(g) <%) (g)

1 24.6 86.6 21.3

2 23.0 87.6 20.2

3 24.6 87.2 21.4

4 23.6 87.7 20.7

5 26.2 88.1 23.1

6 25.4 88.1 22.4

Forthe description of drying condition of these diets refer to
Table H.

Figure 1 shows the average protein content of corn samples,
whereas Fig. 2 shows results of ADF nitrogen in protein of
heat-treated corn and untreated corn. It can be seen that there
is a cleartrend,withheat treating, of decreased availability of
crude protein in the dried corn. Even though this trend is
towards more heat-damagedprotein with processingof corn,
the total amountof heat-damage was minimal in all samples
due to the low amount of fiber that is initially present in corn,
namely 3.3 - 4.0 percent (Table VI). It should be emphasized

140 160 180 200 220

Temperature (C)

Fig. 1. Protein content of heat-treated and untreated corn.

82

140 160

Fig. 2

180

Temperature (C)

Unavailable protein (acid detergent fiber
nitrogen) as a percentage of total protein
(nitrogen) in corn.

200 220

that unheated (control) corn has an inherent quantity of un
available protein (Fig. 2). The increase in unavailable protein
caused by treatments was not found to be significant.

It was of interest to study the amount of synthetic zeolite
residue, and thus the possible amount of aluminum, on the
treated corn. Results of the spectrophotometer indicated that the
highestlevelof aluminum detectedwas 300 ppm. Valdivia et al.
(1978) reported thatdietary aluminum in thefeedupto 1200ppm
did not havedetrimental effectson experimental animals. There
fore, the amount of zeolite present in the treated corn was not
substantial considering theamounts beingusedasdietary supple
ment in feeding experiments by other researchers.

The quality and nutrient availability of the processed corn
are important, but since the thermal treatment had little influ
ence on thesecharacteristics,other factors such as palatability
and storage stability take on greater importance. Kuprianoff
(1959) stated that in some instances low temperature drying
(e.g.of paprika)results in a more hygroscopicmaterial than if
dehydrated at a highertemperature. Therefore, thesusceptibil
ity of driedcorn withparticulate mediato moulds andstorage
Table VI. Results of acid detergent fibre analysis of corn

processed for 1000 s and control

Medium Medium temp.

(°C)
Dry matter

(%)
ADF

(%)

140 89.48 2.65

160 89.74 3.15

Chabazite 180 89.81 3.81

200 90.39 4.03

220 89.87 3.81

140 86.32 3.22

160 89.51 3.33

Sand 180 89.36 3.85

200 89.09 4.17

220 89.30 3.26

Control
-

88.11 3.04
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Table II. Drying conditions used in Phase I and Phase II

Phase

n

Treatment Medium MGMR* Drying time

(s)

Medium

Temp. (°C)
MRP**

1 13X 6:1 240 150 6.39

2 13X 6:1 180 200 7.96

3 13X 6:1 120 250 13.25

4 sand 6:1 240 150 4.09

5 sand 6:1 180 200 6.37

6 sand 6:1 120 250 7.65

7 chabazite 3:1 1000 140 6.66

8 chabazite 3:1 1000 160 8.14

9 chabazite 3:1 1000 180 9.70

10 chabazite 3:1 1000 200 12.27

11 chabazite 3:1 1000 220 14.61

12 sand 3:1 1000 140 4.10

13 sand 3:1 1000 160 4.38

14 sand 3:1 1000 180 4.87

15 sand 3:1 1000 200 5.12

16 sand 3:1 1000 220 6.72

* Medium-to-grain mass ratio
** Moisture removed in percentage points

ingredients (Table III), the dried corn was made into pellets .
These pellets were used for in vivo digestibility analysis, fed
to young male rats of the Sprague-Dawley breed.

Thirty rats (five per diet) were housed in individual cages
equipped to collect all faeces and urine. Their body weight,
and the amounts of feed consumed and faeces excreted were
recorded daily. This information was used to calculate the
digestibility of dry matter and crude protein.

Phase II (natural zeolite and sand media)

The two different particulate media used in this part of the
study were a natural zeolite (chabazite) and sand. Chabazite
mined from Christmas, Arizona, was obtained from Minerals
Research, New York. Characteristic properties of the chaba
zite are given in Table I and its structural formula is
Ca2[(A102)4(Si02)8]-13H20.

The processes of heating the medium in an electric oven,

Table HI. Composition of the diets fed to rats

mixing the particulate medium and corn in the dryer, and
separating them were the same as in Phase I; but different
initial media temperatures, residence times, medium-to-grain
mass ratios were used (Table II). Also, an adiabatic batch dryer
was employed in phase II. Details of this dryer are given in
(Alikhani 1990).

In this part, chemical analyses were employed to evaluate
the quality of the dried corn. The protein content of the dried
corn was assessed by measurement of Kjeldahl nitrogen
(AOAC 1980). The method suggested by Goering and Van
Soest (1970) was used to determine the percentage of Acid
Detergent Fiber (ADF) nitrogen in the heat treated and un
treated corn. The ADF nitrogen indicates the percentage of
protein which was unavailable for digestion via a browning
reaction that renders the protein indigestible by intestinal en
zymes (i.e. heat-damaged).

RESULTS AND DISCUSSION

Results of the in vivo digestibility in terms of digestibility of
dry matter and digestibility of crude protein are presented in
Tables IV and V. When the results were statistically analyzed,
the nutritive quality of the various heat-treated corn grains did
not significantly differ. The comparison was made among the
treatments subjected to different initial medium temperatures
(150, 200, 250°C), and residence times (120, 180, 240 s) for
two types of media (synthetic zeolite or sand). The acceptabil
ity as shown by feed intake of the dried corn was not affected
by different treatments either (Table IV).

Samples of heat-treated and untreated corn were analyzed
for protein content. Grain surface temperature during the dry
ing process ranged, on the average, between 60 and 95°C.

Ingredient

Dried com

Casein

Com Oil

Alphacel
Mineral premix

Vitamin premix

Choline chloride

Dl-methionine

% of the total diet

65.36

11.14

10.00

7.00

4.00

2.20

0.20

0.10
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Table IV. Digestibility of dry matter by rats fed diet
based on treated corn

Diet Avg. intake Avg. digestibility Avg. digestible intake

(g) (%) (g)

1* 156.0

2 149.4

3 157.5

4 152.8

5 169.1

6 162.6

81.7

82.5

83.3

82.7

82.5

82.0

127.5

123.3

131.1

126.3

139.4

133.2

For the description of drying conditions of these diets refer to
Table H.

Table V. Digestibility of crude protein by rats fed a diet
based on the treated corn

Diet Avg. intake Avg. digestibility Avg. digestible intake

(g) (%) (g)

1* 24.6 86.6 21.3

2 23.0 87.6 20.2

3 24.6 87.2 21.4

4 23.6 87.7 20.7

5 26.2 88.1 23.1

6 25.4 88.1 22.4

For the description of drying condition of these diets refer to
Table E.

Figure 1 shows the average protein content of com samples,
whereas Fig. 2 shows results of ADF nitrogen in protein of
heat-treated com and untreated com. It can be seen that there
is a clear trend, with heat treating,of decreasedavailability of
crude protein in the dried com. Even though this trend is
towards more heat-damaged protein with processing of com,
the total amount of heat-damage was minimal in all samples
due to the low amount of fiber that is initially present in com,
namely 3.3 - 4.0 percent (Table VI). It should be emphasized

140 160 180

Temperature (C)

200 220

Fig. 1. Protein content of heat-treated and untreated corn.
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140 160 180

Temperature (C)

Fig. 2. Unavailable protein (acid detergent fiber •
nitrogen) as a percentage of total protein
(nitrogen) in corn.

200 220

that unheated (control) corn has an inherent quantity of un
available protein (Fig. 2). The increase in unavailable protein
caused by treatments was not found to be significant.

It was of interest to study the amount of synthetic zeolite
residue, and thus the possible amount of aluminum, on the
treated com. Results of the spectrophotometer indicated that the
highest level of aluminum detected was 300 ppm. Valdiviaet al.
(1978)reportedthatdietaryaluminumin the feed up to 1200ppm
did not have detrimentaleffects on experimental animals.There
fore, the amount of zeolite present in the treated com was not
substantial considering theamountsbeingusedas dietarysupple
ment in feeding experiments by other researchers.

The quality and nutrient availability of the processed com
are important, but since the thermal treatment had little influ
ence on these characteristics, other factors such as palatability
and storage stability take on greater importance. Kuprianoff
(1959) stated that in some instances low temperature drying
(e.g. of paprika) results in a more hygroscopic material than if
dehydrated at a higher temperature. Therefore, the susceptibil
ity of dried com with particulate media to mouldsand storage
Table VI. Results of acid detergent fibre analysis of corn

processed for 1000 s and control

Medium Medium temp.

(°C)
Dry matter

(*)

ADF

(%)

140 89.48 2.65

160 89.74 3.15

Chabazite 180 89.81 3.81

200 90.39 4.03

220 89.87 3.81

140 86.32 3.22

160 89.51 3.33

Sand 180 89.36 3.85

200 89.09 4.17

220 89.30 3.26

Control
- 88.11 3.04
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stability of the com subjected to accelerated heating and dry
ing should be examined.

SUMMARY AND CONCLUSIONS

Naturally moist com that was dried by mixing with a heated bed
of granular zeolite or sand was used for rat feed. Results of this
study did not indicate that drying of com for 120-240 s with the
granular materials having an initial temperature of 150-250°C
would adversely damage the nutritive quality of the grain.

The acid detergent fiber analysis indicated some damage to
the com treated for 1000 seconds in mixture with an initial

temperature in therangeof 140-220°C. However, similar tothe
animal feed study, the damage may not be considered serious.

The operating conditions of the drying experiments using
particulate media had litde effect on the nutritive quality of the
dried com. For complete evaluation of the quality of the product,
other factors such as palatability and physical attributes of the
heat-treated com during handling and storage should be studied.
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