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Mixing Performance of a Novel Flat-Bottom Vertical Feed Mixer
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Abstract. The objective of the present study was to test mixing performance of a flat-bottom vertical mixer.
The mixer has a capacity of 250 liter with 430 mm height and 900 mm diameter. A diet was formulated to
contain 69.5% corn, 27.5% soybean meal, 0.9% limestone, 0.8% dicalcium phosphate, 0.5% vitamin-mineral
premix, 0.45% salt and 0.4% chromic oxide. The mixing performance of the mixer was tested with 80 kg batch
in triplicate for 30, 180, 300 and 420 sec. At the end of each mixing, 100 g of samples were collected from
the initial 5, 30, 60 and 95% of feed discharged from the spout end of the mixer. The 4 samples from each
mixing time were analyzed for the concentrations of crude protein. The coefficients of variation of crude
protein among the samples from each mixing of 30, 180, 300 and 420 sec were 14.8, 7.4, 6.7 and 6.0%,
respectively. A broken-line analysis was conducted to estimate the minimum mixing time. The result
indicated that the most suitable mixing time was 202 sec (R? = 0.99; p = 0.077). In conclusion, at least 200

sec of mixing is required for optimum mixing performance of the novel feed mixer.
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INTRODUCTION

The production performance of poultry and livestock is
affected by many factors including nutrition, genetics and
environment. A uniform and precise mixing of diets is
very critical for providing energy and nutrients to meet the
requirements for animals (Traylor et al., 1994). Poor
mixing of feedstuffs may cause over supply or under
supply of nutrients to animals, resulting in economic
loss, poor performance, or both. Detrimental effects of
insufficient mixing time on average daily gain and gain
to feed ratio have been reported (Groesheck ef af,
2007). Uniform mixing of diets is also very important in
animal nutrition studies as insufficient diet mixing
process can critically affect the results of nutrition
experiments (Cromwell ef al., 2003).

Horizontal and vertical feed mixers are widely used for
mixing the animal feeds at feed mills. These types of
feed mixers have been tested for the degree of uniformity
in diet mixing (Cromwell ef al, 2003; McCoy, 2005).
Cone-bottom type vertical mixers have been tested for
mixing performance (Cromwell et al, 2003; Groesbeck
et al., 2007). However, a flat-bottom vertical mixer has
not been tested for mixing performance. Therefore, the
objective of this study was to determine the optimum
mixing time of the flat-bottom vertical mixer for uniform
diet mixing.

MATERIALS AND METHODS

A flat-bottom mixer: The mixer used in the current study
was a vertical flat-bottom mixer (DKM-350SBF;
Daegwang Construction Mechanic Inc., Seoul, Republic
of Korea) with 40 revolutions per minute, 250 liter
capacity, 460 mm height and 900 mm diameter (Fig. 1).

Experimental diet: A diet mainly based on corn and
soybean meal was formulated (Table 1). Vitamins and
minerals were included and 0.4% chromic oxide was
included to confirm the uniformity of mixing diet with the
unaided eve.

Mixing performance test and chemical analysis: The
mixing time periods tested were 30, 180, 300 and 420
sec in triplicate. At the end of each mixing time, samples
were collected from the initial 5, 30, 60 and 95% of feed
discharged from the spout end of the mixer. Samples
were analyzed for crude protein (CP; method 990.03;
AOAC, 2005) as the criterion of the degree of the
uniformity in the mixed diet.

Statistical analysis: To determine the uniformity of
mixing, standard deviation and coefficient of variation
(CV) of CP concentrations were calculated. The optimal
mixing time was estimated by regression analysis
between the mixing time and CV of CP concentrations
using NLIN procedure of SAS. The optimal mixing time
was determined by one slope broken-line analysis
(Robbins ef al., 2006) and the significance of the model
was accepted at an alpha level of 0.10.

RESULTS

The CV of CP among the samples from each mixing for
30, 180, 300 and 420 sec were 14.8, 7.4, 8.7 and 6.0%,
respectively (Table 2). Although the CP concentration
among the diets in each mixing time is similar, the CV of
CP concentration representing the variability among the
sampling spots decreased with mixing time. Based
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Fig. 1: Pictures of a flat-bottom vertical mixer with a capacity of 250 liter, 460 mm height and 900 mm diameter
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Fig. 2. Minimum mixing time based on the crude protein

concentrations. Three batches were used in the
mixing performance test and 4 samples from
each batch were collected at initial 5, 30, 60 and
95% of feed discharge. Coefficient of variation
represents the variability among the 4 samples at
different sampling positions

on the broken-line analysis, the minimum mixing time
was estimated at 202 sec (R* = 0.89, p = 0.077, Fig. 1).

DISCUSSION

The objective of mixing efficiency test was to determine
the optimum mixing time for homogeneous mixing of
feed ingredients. Homogenous mixing of diets has been
shown to improve production performance (Traylor ef al.,
1994; Groesheck et af, 2007). Therefore, the
confirmation of mixing efficiency of a mixer is very
important before using the mixer for animal feed
production. To our knowledge, mixing performance of a
vertical type flat-bottom mixer is first tested in the present
study.
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Table 1: Ingredient of composition of the diet (as-is basis)
Ingredient (%)

Ground corn 69.5
Soybean meal, 48% crude protein 275
Ground limestone 09
Dicalcium phosphate 08
Vitamin-mineral premix’ 05
Salt 0.4
Chromic oxide 04

"Provided the following quantities per kg of complete diet: vitamin
A, 25,000 IU; vitamin Dz, 4,000 IU; vitamin E, 50 IU; vitamin K,
5.0 mg; thiamin, 4.9 mg; riboflavin, 10.0 mg; pyridoxine, 4.9 mg;
vitamin Bi2, 0.06 mg; pantothenic acid, 37.5 mg; folic acid, 1.10
mg; niacin, 62 mg; biotin, 0.06 mg; Cu, 25 mg as copper sulfate;
Fe, 268 mg as iron sulfate; I, 5.0 mg as potassium iodate; Mn,
125 mg as manganese sulfate; Se, 0.38 mg as sodium selenite;
Zn, 313 mg as zinc oxide and butylate dihydroxytoluene, 50 mg

Table 2: Analyzed values for crude protein concentrations (%)
and the wvariability in feed samples by wvarying mixing

time
-————— Mixing time, se¢ --—---—-——
Itemn'’ 30 180 300 420
Mean 18.5 18.2 18.9 18.3
Standard deviation 28 1.4 1.3 1.1
Coefficient of variation (%) 14.8 7.4 6.7 6.0

"Three batches were used in the mixing performance test and 4
samples from each batch were collected at initial 5, 30, 60 and
95% of feed discharge. Standard deviation represents the
variability among the 4 samples at different sampling positions

The uniformity of mixing diet is affected many factors
including particle size, ingredient density, sequence of
ingredient addition, amount of ingredients mixed, mixer
design, mixing time and cleanliness of the mixer
(McCoy, 2005). Because the mixing time is one of the
most influential factors, the present experiment was
designed to investigate the effects of mixing time on
uniformity of mixed diet.
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The CP concentration of samples was used to
determine the degree of the uniformity in diet mixing. As
CP concentrations of corn and SBM generally range from
7 to 8% and from 43 to 48%, respectively, showing
relatively large deviation between corn and soyhean
meal, the CP concentration of the sample can be used
as the criterion for uniformity of diet mixing.

In the present study, although the CP concentrations
among the diets for each mixing time were similar, the
CV of CP concentration of samples for mixing time
period decreased with increasing mixing time which
indicates that the longer mixing time of the flat-bottom
feed mixer improves the uniformity of diet mixing. The CV
was less than 10% with mixing time longer than 180
sec. Generally, less than 10% of CV is acceptable for
determining the uniformity of mixing diets (McCoy ef
al., 1994; Groesbeck ef af., 2007).

The minimum mixing time of 202 sec based on the
broken-line analysis indicates that at least 200 sec of
mixing time is required for homogenous mixing. The
present data at least partially agree with the data in the
literature. Groesbeck et al. (2007) reported quadratic
improvements of feed uniformity and growth
performance of pigs with increasing mixing time of 0, 30,
60, 120, 210, 330, 480 and 630 sec.

The capacity of the mixer tested in this study is 250 liter
which is rather small for commercial usage, but is very
useful for preparation of experimental diets for poultry
and swine nutrition studies (Kil ef a/., 2013; Kong and
Adeola, 2014; Son ef af., 2013).

Conclusion: In conclusion, at least 200 sec of mixing is
required for optimum mixing performance in the novel
feed mixer based on protein concentration analyzed.
Further research is needed to test mixing performance
of a flat-bottom vertical mixer based on the variability in
mineral contents.

REFERENCES
AOAC, 2005. Official Methods of Analysis of ACAC
International, 18th ed. AQOAC International,

Gaithersburg, MD, USA.

627

Cromwell, G.L., J.H. Brendemuhl, L.I. Chiba, T.R. Cline,
T.D. Crenshaw, C.R. Dove, R.A. Easter, R.C. Ewan,
K.C. Ferrell, C.R. Hamilton, G.M. Hill, J.D. Hitchcock,
D.A. Knabe, ET. Kornegay, A.J. Lewis, G.W. Libal,
M.D. Lindemann, D.C. Mahan, C.V. Maxwell, J.C.
McConnell, J.L. Nelssen, JE. Petligrew, L.L.
Southern, T.L. Veum and J.T. Yen, 2003. Variability
in mixing efficiency and laboratory analyses of a
common diet mixed at 25 experiment stations. J.
Anim. Sci., 81: 484-491.

Groesbeck, C.N., R.D. Goodband, M.D. Tokach, S.S.
Dritz, J.L. Nelssen and J.M. DeRouchey, 2007. Diet
mixing time affects nursery pig performance. J.
Anim. Sci., 85: 1793-1798.

Kil, D.Y., B.G. Kim and H.H. Stein, 2013. Feed energy
evaluation for growing pigs. Asian Australas. J.
Anim. Sci., 26: 1205-1217.

Kong, C. and O. Adeola, 2014. Evaluation of amino acid
and energy utilization in feedstuff for swine and
poultry diets. Asian Australas. J. Anim. Sci., 27: 917-
925.

McCoy, R.A., 2005. Mixer Testing. In: Feed Manufacturing
Technology V. Ed. by Schofield. American Feed
Industry Association, Arlington, VA, USA.

McCoy, R.A., KC. Behnke, JD. Hancock and R.R.
McEllIhiney, 1994, Effect of mixing uniformity on
broiler chick performance. Poult. Sci., 73: 443-451.

Robbins, K.R., AM. Saxton and L.L. Southern, 2008.
Estimation of nutrient requirements using broken-
line regression analysis. J. Anim. Sci., 84. 3102-
3111,

Son, AR, SY. Shin and B.G. Kim, 2013. Standardized
total tract digestibility of phosphorus in copra
expellers, palm kernel expellers and cassava root
fed to growing pigs. Asian Australas. J. Anim. Sci.,
26: 1609-1613.

Traylor, S.L., J.D. Hancock, K.C. Behnke, C.R. Stark and
R.H. Hines, 1994. Uniformity of mixed diets affects
growth performance in nursery and finishing pigs. J.
Anim. Sci., 72(Suppl. 2): 59(Abstr.).



	fin2817_Page_1
	fin2817_Page_2
	fin2817_Page_3
	IJPS.pdf
	Page 1


