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Abstract

:

Complete diets for laying hens are usually offered in meal form. This form initially promotes the laying hens’ natural feed intake behavior and allows them to satisfy their pecking behavior. At the same time, it can also cause difficulties, because it consists of different particles and is not a homogeneous unit. A homogeneous mixture is essential to ensure that each laying hen in the flock can meet its nutritional needs. If feed exhibits a wide particle size distribution, this can promote feed segregation during transport and selective feed intake behavior of laying hens. These two processes sometimes lead to significant differences between the composition of the feed produced and the composition of the feed that is finally ingested by the laying hens. Multi-stage sampling can be used to investigate progressing differences in feed composition. In this study, samples of different complete diets for laying hens (n = 76) were collected from ten organic farms in Germany to examine their particle size distributions (dry sieve analysis). Samples were taken at four different locations (V1 = loading, V2 = silo, V3 = at the beginning of the feed chain, V4 = at the end of the feed chain) in each farm. There was a tendency for V1 and V2 to be characterized by high proportions of particles between 1400 and 3150 µm (V1 = 61.2%, V2 = 43.5%). V3 and V4 consisted mainly of particles of size 500–800 µm and 200–400 µm, respectively. The lowest proportions across all variants were in the range above 3150 µm (V1 = 2.20%, V2 = 1.30%, V3 = 1.00%, V4 = 0.400%) and between 400 and 500 µm (V1 = 2.50%, V2 = 4.50%, V3 = 5.70%, V4 = 6.60%). The mean value comparison of the proportions of sieve mesh sizes from 200 to 1000 µm resulted in: V1 < V2 < V3 < V4; and of sieve mesh sizes between 1400 and 2000 µm in: V1 > V2 > V3 > V4. This observation can be explained by segregation of the feed during transport and a selective feeding behavior of the laying hens. However, trends were discontinuous and varied between the farms. Deviations from the guideline values were found in particular for particle sizes in the range of 1000 to 1400 µm.
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1. Introduction


Compound feed for laying hens in organic farms exists in diverse physical forms. The administration of pelleted feed contradicts the fact that the risk of luxury consumption [1,2,3] and lack of employment [1,4,5,6] can increase. A lack of employment is seen, among other things, as a trigger for behavioral disorders such as feather eating, feather pecking or cannibalism [2,3,5,6,7,8]. The processing of pellets into granulated feed or crumbly feed can counteract this, but often results in hard and sharp-edged particles that can be problematic for the animals [8]. In addition, processing with pressure and heat causes, on the one hand, higher costs for the energy consumption [9,10,11,12,13,14] and, on the other hand, nutrient losses [12,13], especially for heat-labile ones. For these reasons, feeding mash diets is generally recommended [2,3,8,14]. However, this form of feed could promote feed segregation and a selective feeding behavior due to its wide range of particle sizes [15]. Feed segregation means that the composition of the feed changes on its way from production to feeding pan and leads to an inhomogeneous distribution of particles and nutrients [15,16]. Critical spots of feed segregation are loading and transport [12,17], storage [16,17,18,19], and feed delivery through either auger or drag-chain delivery systems [15,20]. Feed selection is the animal-related preferred intake of certain feed particles, which can have several causes. Layers mainly react to tactile and visual stimuli [12,21,22]; however, their sense of smell and taste may often be undervalued [23,24,25,26]. The birds are able to select feed particles nutrient-specific, which is called ‘nutritional wisdom’. Nevertheless, this ability seems to be limited by other influencing factors [27]. In terms of particle size, laying hens show a preference from coarse to fine [22,26,28,29,30,31]. The finest particles are taken up at last or even avoided and can therefore have a negative effect on feed intake if they are abundant [30,32]. Generally, large particles (>1180 μm) are mostly corn ingredients and contain primarily carbohydrates, NFE, and calories. Dietary nutrients such as vitamins, minerals, and amino acids from protein sources are usually contained in the small particles (<1180 μm) [15]. On the one hand, this can be explained by the structure of the feed, as hens are less able to pick up finer particles [2,8], but on the other hand also by other influences. For example, mineral additives and vitamins generally exhibit poor palatability in addition of their fine particulate structure [32]. For this reason, they are particularly exposed to demixing processes.



Since most of the available literature concerning this topic refers to conventional farms, the question remains to what extent, firstly, feed segregation and, secondly, feed selection takes place in commercial organic farms. Because there are more restrictions (e.g., non-GMO) and fewer permitted feed components in organic farming, inhomogeneities in feed intake can easily lead to an inadequate supply of nutrients and behavioral disorders [2,8]. The aim of the present work was to investigate the particle size distributions of organic diets for laying hens by means of a multistage sampling and analysis.




2. Materials and Methods


2.1. Experimental Design


The feed samples that served as the basis for these investigations came from ten commercial organic farms in Germany. These farms were selected with the aim of providing a realistic picture of local organic farming. Therefore, samples from research institutes were deliberately not included. To preserve the anonymity of the farms, their names were abbreviated with the initial letter of the farm’s location. In case of duplication, chronological numbering was applied. The sizes of the ten selected farms varied from 6000 to almost 14,000 laying hens. On average, around 11,000 animals were kept per farm. Thus, the farm size was very close to the current nationwide average of 2016 with 11,652 hens per organic farm [33]. The youngest flock was 22 weeks old at the time of sampling, and the oldest flock was 75 weeks old (average age: 47 weeks). Laying performance averaged 83.2%, while feed and water consumption averaged 128 g/d and 207 g/d, respectively. Depending on the operational possibilities, there were one to two runs, each with one to two repetitions. A total of 76 samples were evaluated. For each run, a new loading sample (V1) was taken. Analyzes were performed in the laboratory of the Faculty of Agricultural and Environmental Sciences at the University of Rostock.



To produce the diets, all the ingredients except the premix (minerals) were initially added to the mixer. After the initial mixing, grinding took place with a crushing roller mill. Finally, the premix was added, and the entire feed was mixed once more. A total of six different formulations of feed were fed (Table 1). In all diets, the proportion of starch-rich feed (maize, wheat, triticale, barley) was around half (50.2%, 45.0%, 52.1%, 51.9%, 45.0%, 49.1%), with corn being the most widely used component at 20 to 28 percent. Of the protein-rich ingredients (soybean and cake, sunflower cake, corn gluten, field beans, peas, lupins, alfalfa green meal, fish meal, sweet whey powder), the soybean and sunflower products accounted for the largest share, thus together they were at 20.2 to 30.1%. Furthermore, the use of conventional corn gluten (4.30%, 4.30%, 4.20%, 3.00%, 4.30%, 4.30%) was characteristic of current laying hen feed; just below the permissible 5% limit. Further protein supply was realized differently depending on the mixture by other legumes (field beans, peas, lupins), sweet whey powder or fish meal. Calcium carbonate (8.20%, 8.40%, 8.90%, 8.60%, 8.40%, 8.60%) served as the main Ca supplier, while a large part of the phosphorus requirement in all experimental diets was provided by monocalcium phosphate (0.500–0.800%).



In 9 of 10 farms, one diet was maintained for all runs and replicates in each farm. Only in Farm Z were two different diets (No. 5, 6) used in two runs. Overall, Diet 2 was fed most frequently (4 times). Diets 3 and 6 were fed twice each, whereas Diets 1, 4 and 5 were provided only once (Table 2).




2.2. Feed Sampling and Analysis


Feed samples were taken from four different points (Figure 1):




	
Loading (V1):








The loading samples were taken from the storage bins at the feed manufacturer immediately before loading trucks.



	2.

	
Silo (V2):







In all farms, feed was stored in silos after delivery. The V2 sample was collected from the hopper opening of the silo during feeding.



	3.

	
Feed chain (beginning/end; V3/V4):







Sampling at the feed chains in the barn took place immediately after the first feeding of the day. V3 was the place where the animals had access to the feed for the first time. V4 was the end of the feed chain before it was filled again. In all farms, these two sampling points were in the same section due to circulation.



Dry sieve analyses were carried out according to the VDLUFA association methods. For this purpose, samples of approximately 200 g were poured onto the top sieve of the EML 200 Premium Remote sieve tower (HAVER & BOECKER, Oelde, Germany). The sieve tower consisted of sieves with mesh sizes of 200, 400, 500, 800, 1000, 1400, 2000 and 3150 µm (Table 3). These were arranged in a graduated manner so that the feed passed through progressively finer mesh sizes. The column was placed on a mechanical shaker. The samples were shaken for 10 min at an amplitude of 2.00 mm. Finally, the amounts of feed remaining on the sieves were weighed and their proportions of the total mass were calculated.




2.3. Statistical Analyses


Microsoft Excel® (Version 2019, Microsoft Corporation, Redmond, WA, USA) was used for collection and processing of data and furthermore for descriptive statistical analyses.





3. Results and Discussion


3.1. General Comments


First, it should be noted that this study was a field-scale study. It must be assumed that different conditions prevailed on the ten farms despite uniform organic farming practices. Furthermore, different feed mixtures with different compositions were used. In some cases, the number of runs and repetitions also differed between the farms. This was due to the operational conditions and possibilities, which were deliberately not to be interfered with. The results therefore only permit limited statements to be made across farms. However, this disadvantage in the evaluation was subordinated to the aim of this work, which was to investigate organic laying hen feed under practical conditions.



In two farms, only three samples were taken instead of four, so variant 3 was omitted. The reason for this was that in both houses the first section, where the V3 sample would otherwise have been taken, was directly adjacent to the silos. Accordingly, a differentiation between V2 and V3 would have had little significance due to the local proximity of the two sampling points. One farm in this study was without a loading sample (V1) because it was later found to be unusable, and resampling was not possible due to the time lag between it and the other samples.




3.2. Particle Size Distributions of the Diets—Observations and Trends


Particle size distributions were determined based on dry sieve analysis data. Guideline values [8,34] were used to classify the results. The following diagram shows the averaged values including standard errors of the mean over all ten farms (Figure 2).



Variants 1 and 2 were defined by particularly high proportions (V1 = 30.6%, V2 = 21.8%) on sieves 2 and 3 (2000 and 1400 µm), whereby this trend was more apparent with V1 than with V2. In contrast to the other variants, in V1 these two sieve fractions were the largest in all cases. Variants 3 and 4 were characterized mainly by high relative proportions (V3 = 29.7%, V4 = 35.1%) on sieves 6 and 8 (500 and 200 µm). Although their shares tended to be lower on sieve 3 in relation to V1 and V2, the values there still averaged 19.7% (V3) and 16.3% (V4). The lowest percentages across all variants were on sieves 1 (V1 = 2.20%, V2 = 1.30%, V3 = 1.00%, V4 = 0.400%) and 7 (V1 = 2.50%, V2 = 4.50%, V3 = 5.70%, V4 = 6.60%). Additionally, it is remarkable that the particle size distribution of the feed not only changed over the variants, but that these changes even tended to show progressions. The comparison of the mean values of the variants on the individual sieve levels showed that there were recurring sequences among the variants:



	
V1 < V2 < V3 < V4 (sieve mash size: 200–1000 µm)



	
V1 > V2 > V3 > V4 (sieve mash size: 1400–2000 µm)






From loading (V1) to the end of the feed chain (V4), there was a tendency for a relative decrease in coarse particles (>1400 µm) to be offset by a relative increase in fine particles (<1400 µm). Similar effects are known from literature in relation to feed segregation [12,16,17,18,19] and feed selection [15,22,26,28,29,30,31]. In contrast to the results here, other authors found only feed selection without feed segregation [15]. The fine particles are components of both the original straight feed and the premix. Due to its poorer palatability, this fine portion is ingested to a lesser extent. This means that the hens are sometimes inadequately supplied with minerals. This situation is further aggravated by the selective feed intake behavior. The coarser particles, which the hens prefer to pick up, are primarily components that are larger and thus satisfy the pecking instinct on the one hand, and on the other hand stand out from the rest of the feed in terms of color. These are primarily cereals (e.g., corn fragments), which have energy contents that exceed requirements and deficient mineral contents (e.g., calcium) as well [14,15]. As a result, imbalances or even deficits can occur despite mixed feeds that cover energy and requirements. It must be expected that, especially in diets for organic laying hens, problems may come to a head because overall nutrient density is lower than in conventional farms [2,8].



Although the progression of the particle size distribution was very uniform on average across all four variants, it must be taken into account that the trends between variants varied greatly from farm to farm. The largest range between farms was found at all four sampling points on sieve 2 (V1 = 11.3, V2 = 23.3, V3 = 21.6, V4 = 13.1). At V1, Farm G achieved the highest value (42.8%) and Farm K the lowest (31.5%), while at V4 it was Farm Z (7.10%) and Farm D (1.70%). The lowest ranges between farms were found on sieve 1 (V1 = 3.70, V2 = 1.90, V3 = 1.90, V4 = 0.900). Accordingly, feed segregation and feed selection may have had influences in different combinations and to different degrees on individual farms. Feed selection between V1 and V2 can be excluded because the animals did not have access to feed there. If feed segregation is really to be identified as the main cause for the observed trends in particle size distribution, the question arises, where exactly the segregated feed particles remained and how long they remained there. For example, small-scale feed segregation within the feed chains has been reported [15]. It is also conceivable that the effects would be reversed after a large part of the feed had been used up. There also may have been other influencing factors. It could be, for example, that a structural change was caused during feed transport. Thus, the feeding technique can lead to further grinding processes and thus to shifts in the particle size distribution. Moreover, it is also conceivable that fine particles remained permanently in the bottom of the feed chain, which were not ingested by the layers, but which came up during the sampling.



Overall, the examination of the particle size distributions of the layer farms showed that V1 was particularly rich in particles in the range between 1400 and 3150 µm. V4 was mainly found on sieves 6 and 8, while V2 and V3 were found to be in between, indicating a trend from coarse to fine and vice versa. It was assumed that both feed segregation and feed selection had taken place, which may be associated with negative consequences.




3.3. Particle Size Distribution of the Diets—Comparison to the Guideline Values


Deviations from the guideline values in the particle size distribution of laying hen feed, especially with increased fine contents at the detriment of the coarse contents, can be associated with a variety of negative effects. These are impairment of feed intake [2,8], beak deformities [35], underdevelopment of the gizzard, overload of the small intestine, and greater exposure due to feed dust [8,36]. The absorption of larger particles leads to a slightly reduced digestibility of starch in the small intestine. Thus, larger amounts of starch enter the large intestine, where there is an increase in lactic acid content. The resulting decrease in pH leads to a reduction in salmonella incidence [37]. On the other hand, if the hens are offered a lack of alternatives, then there is a risk of glandular gastric dilatation [38,39]. In Figure 1, the guideline values are shown in addition to the averaged particle size distribution. The largest undercutting of the guideline value was found for all farms and across all four variants in the particle size range from 1000 to 1400 µm (sieve 4). Since the average deviations from production to the feed chain were almost constant at 25.4% (V1), 23.0% (V2), 21.8% (V3), and 20.9% (V4), it must be assumed that these particle fractions were not sufficiently homogeneously mixed into the complete feed. Notable exceedances of the guideline values occurred at V1 and V2 (sieves 2 and 3) and at V3 and V4 (sieves 6 and 8). The guideline values were at 8.00% for sieve 2 (V1 = 35.4%, V2 = 21.5%, V3 = 14.0%, V4 = 7.80%), at 15.0% for sieve 3 (V1 = 25.8%, V2 = 22.0%, V3 = 19.7%, V4 = 16.3%), at 12.0% for sieve 6 (V1 = 6.90%, V2 = 11.8%, V3 = 14.8%, V4 = 17.0%) and at 5.00% for sieve 8 (V1 = 6.50%, V2 = 11.4%, V3 = 14.9%, V4 = 18.1%). It is interesting to note that the difference to the guideline values on sieves 2 and 3 decreased in the course of V1, V2, V3 and V4. The difference in percentage points was 27.4 and 10.8 (V1), 13.5 and 7.00 (V2), 6.00 and 4.70 (V3) and 0.200 and 1.30 (V4). This observation indicates that, consciously or unconsciously, feeds were produced that had higher coarse particle contents than the stated guideline values specified. This could possibly provide a buffer to counteract the negative effects of feed segregation and feed selection. With regard to the progression from V3 to V4, it should additionally be considered that the ingestion of these particles by the animals may have been relatively high. An opposite trend was noticed on sieves 6 and 8. Here, the averaged differences in percentage points tended to be smaller for V1 (3.10, 1.50) and V2 (1.80, 6.40) than for V3 (4.80, 9.90) and V4 (7.00, 13.1). Consequently, the guideline values were still complied with at the time of loading (V1) but were subsequently (V2, V3, V4) increasingly exceeded. In particular, the relative increase from V3 to V4 suggests that the animals consumed fines to a lesser extend despite the increased amount of fines in the diet. An analysis of the fine particles could provide information on the extent to which this could cause deficiency symptoms. Although V4 deviated on average the lowest number of percentage points from the guideline values (V1 = 9.50, V2 = 7.50, V3 = 6.70, V4 = 6.30), it contained too high a proportion of fines (sieve 6 = 17.0%, sieve 8 = 18.1%, pan = 10.8%). The question remains open as to whether deviations from the guideline values can generally be evaluated equally on all sieves, or whether deviations above or below the guideline values may be more significant on selected sieves. Moreover, it must be assumed that such changes in particle size distribution also imply changes in nutrient supply. Therefore, in the worst case, an unbalanced structural supply could be accompanied by an unbalanced nutrient supply.



It can be summarized that there were deviations from the guide values at all four sampling points. There was a tendency for V1 and V2 to be above the guideline values for the fine particles (sieve 8, Pan) and for V3 and V4 to be above the guide values for the coarse particles (sieves 2 and 3). None of the variants reached the target guideline value of 35.0% on sieve 4. It can be assumed that feeds with too high coarse particles are produced during the manufacturing process, but that the animals nevertheless receive feeds with high fine particles at the end of the feed chain. It must be worried that both the structure supply and the nutrient supply of the hens were not optimal, and the risk of the mentioned negative consequences was high.





4. Conclusions


In this study, dry sieve analysis was used to investigate the particle size distribution of commercial organic layer diets. On the one hand, it was examined whether the guideline values were met and, on the other hand, whether trends in the particle size distribution could be found.



The results showed that the guideline values were only partially met at all four sampling locations. Furthermore, progressive changes in the particle size distribution could be assumed. There was a tendency for coarse particles to be in excess during production and fine particles at the end of the feed chain. This observation was consistent with results from previous studies, which indicated that coarse particles were preferentially ingested and fine particles, such as mineral nutrients, were avoided. It is known that this can lead to consequences such as behavioral disorders and digestive problems. Finally, it must be assumed that the feed composition is characterized by strong heterogeneity and that the laying hens are not supplied according to their needs. This is contrary to the actual goal of organic farming. Since the problem cannot be solved by other feed forms, such as pellet feed, granulated feed, or crumbly feed [1,4,5,6,8], the solution approach must be sought in more uniform grinding and thereby maximum homogeneity.
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Figure 1. Layout of the 3 sampling points in the hen houses. V2 = silo, V3 = beginning of the feed chain, V4 = end of the feed chain. 
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Figure 2. Averaged particle size distribution and guideline values [8,34]. Mean values ± standard error of the mean (SEM) across all farms (V1 = 13 samples, V2 = 23 samples, V3 = 21 samples, V4 = 19 samples), regardless of diet, run, and replicate. 
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Table 1. Nutrient composition of experimental diets.
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Ingredient (%)

	
Diet




	
1

	
2

	
3

	
4

	
5

	
6






	
Corn

	
20.0

	
28.0

	
20.0

	
25.9

	
28.0

	
20.0




	
Wheat

	
10.2

	
7.00

	
17.1

	
16.0

	
7.00

	
14.0




	
Triticale

	
20.0

	
5.00

	
15.0

	
5.00

	
5.00

	
11.7




	
Barley

	

	
5.00

	

	
5.00

	
5.00

	
3.40




	
Corn gluten

	
4.30

	
4.30

	
4.20

	
3.00

	
4.30

	
4.30




	
Broad beans

	
2.40

	

	

	

	

	
0.600




	
Peas

	
3.00

	
4.30

	
2.00

	
5.00

	
4.30

	




	
Soybeans, toasted

	

	
12.0

	

	
3.00

	
12.0

	




	
Soybean cake, toasted

	
10.8

	
2.70

	
13.2

	
8.50

	
2.70

	
13.1




	
Sunflower cake

	
14.1

	
15.0

	
7.00

	
13.1

	
15.0

	
17.0




	
Lupines

	
2.20

	
2.00

	

	

	

	




	
Alfalfa-meal

	

	
2.60

	
6.10

	
4.00

	
2.60

	
2.60




	
Soybean oil

	

	

	

	

	

	
0.900




	
Soybean oil/Sunflower oil

	
1.10

	

	
1.10

	

	

	




	
Fish meal

	

	

	
2.70

	

	

	




	
Beer yeast

	

	
0.040

	

	
0.030

	
0.040

	




	
Sweet whey powder

	

	

	

	

	

	
1.00




	
Sugar cane molasses

	

	
2.00

	
1.00

	
1.00

	
2.00

	
0.800




	
Calcium carbonate

	
8.20

	
8.40

	
8.90

	
8.60

	
8.40

	
8.60




	
Mono calcium phosphate

	
0.500

	
0.700

	
0.600

	
0.800

	
0.700

	
0.800




	
Oyster shells

	
2.00

	

	

	

	

	




	
Calculated nutrient content, %




	
Crude protein

	
16.8

	
17.0

	
17.0

	
17.0

	
17.0

	
17.5




	
Crude fat

	
6.00

	
6.00

	
6.00

	
6.00

	
6.00

	
5.50




	
Crude fibre

	
6.20

	
6.70

	
6.30

	
6.70

	
6.70

	
7.00




	
Ash

	
13.5

	
13.0

	
12.8

	
13.0

	
13.0

	
12.8




	
Methionine

	
0.310

	
0.320

	
0.330

	
0.320

	
0.320

	
0.330




	
Lysine

	
0.740

	
0.750

	
0.750

	
0.750

	
0.750

	
0.770




	
Calcium

	
4.00

	
3.50

	
3.50

	
3.50

	
3.50

	
3.50




	
Phosphorus

	
0.550

	
0.600

	
0.550

	
0.600

	
0.600

	
0.650




	
Sodium

	
0.150

	
0.170

	
0.180

	
0.170

	
0.170

	
0.180




	
ME (MJ/kg)

	
10.8

	
10.9

	
10.9

	
10.9

	
10.9

	
10.5
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Table 2. Diets used on the farms.
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	Name of Farm
	D
	G
	K
	N
	T
	V
	W1
	W2
	W3
	Z





	No. of Experimental Diet
	3
	2
	4
	6
	2
	3
	2
	2
	1
	5, 6
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Table 3. Design of the sieve tower used and corresponding guideline values.
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	Layer
	Sieve Mash Width (µm)
	Guideline Values (%) [8,34]





	Sieve 1
	3150
	2.00



	Sieve 2
	2000
	8.00



	Sieve 3
	1400
	15.0



	Sieve 4
	1000
	35.0



	Sieve 5
	800
	12.0



	Sieve 6
	500
	10.0



	Sieve 7
	400
	9.00



	Sieve 8
	200
	5.00



	Pan
	<200
	4.00
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
shares [%]

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0

| —

e V2

R V3 . V4

800
sieve mash width [pm]

- o=« e Guideline values

1000 1400

2000






nav.xhtml


  agriculture-12-00272


  
    		
      agriculture-12-00272
    


  




  





media/file0.png





media/file2.png
Section 1 Section 2 Section 3 Section (...)

|
V

X3

Hopper

X

S
/\
|






media/file3.jpg





media/file1.jpg
Section 1 Section 2 Section 3 Section (...)

*v3

2
Hopper)






