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Hans Marten Paulsen Werner Zollitsch

Dear colleagues, authors, reviewers and readers!

In view of a growing world population and of economic growth in various parts of the world, the demand for animal-derived
food products continues to increase, although unevenly distributed. A hunger for feed and food resources undoubtedly
has the potential to exceed planetary and social boundaries. In contrast, the development of circular bio-based economies,
improved animal welfare, and gains in biodiversity and ecosystem services are still in their infancy in many parts of Europe
and need to be developed worldwide. We need to transform livestock production and food production towards systems with
a skillful use of natural resources and fair participation by local communities and people.

With the foreseen growth of the human population, the future of livestock production can only be secured if we succeed in
reducing the competition between feed for livestock and food for humans. With a view to the planetary boundaries, livestock
numbers need to be reduced worldwide. The remaining livestock production will only have a positive impact on the global
food supply if animals are either raised on grassland or if they utilize non-edible by-products from food processing and other
industries. With a growing gap between the quantitative availability of high-quality feed-stuffs and the rising needs of live-
stock producers, potential solutions will have to include the utilization of innovations in feed supply chains — even in organic
farming. These will consist, among other things, of developing new or unconventional feed resources and improving the pro-
duction and processing technology. Changes in the composition or physicochemical structure of feed components to improve
their nutritional value and the development of new feeding strategies are also key priorities. Potential negative effects on eco-
systems and the environment, and humans and animals must be considered.

The currentissue of Landbauforschung - Journal of Sustainable and Organic Agricultural Systems provides a forum to discuss
a wide range of aspects related to the challenges and opportunities mentioned above. The small number of articles we could
accept address some future challenges in livestock feeding: the use of green forage legumes even for monogastric animals,
possibilities to optimize feeding behaviour in animal stables with high potential livestock welfare and the use of insects as a
protein component.

We hope that the articles will capture your interest and will allow a comprehensive discussion on innovations in animal feeding.

Hans Marten Paulsen and Werner Zollitsch
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farm animals

Abstract

The aim of the research reported here was to assess the
potential of alfalfa as a local protein resource when fed to
different species and at different life stages. A total of 236
samples was taken from a commercial drying plant to assess
the variation in nutrients of alfalfa and to evaluate the influ-
ence of hot air drying on the feed value. Samples of fresh
material were compared to end products (hay, pellets). No
significant nutritional differences were detected between
the end products and the fresh material. In a further part of
the research, the nutrient profiles of the output of the frac-
tionation of dried alfalfa (fine, medium, long) were examined.
Crude protein (CP), lysine, methionine and UDP 5 (rumen
undegradable protein, the respective UDP content in CP
assuming a passage from the forestomach of 5% per hour)
were concentrated in the fine fraction which had a lower con-
centration of fibre. A high protein content in the fine fraction
points to its use as a source of protein for pigs and poultry.

Furthermore, supporting ecosystem services were consid-
ered and additional factors influencing the content of val-
uable nutrients were identified (cuttings, vegetation stage,
saponins, variety). The results of this study serve as the basis
for the development of a quality-differentiation concept for
alfalfa to make use of the variation in nutrients for all farm
animals and to demonstrate resulting synergy effects. It is
concluded that alfalfa is a valuable feed resource. Due to the
high quality in several samples of alfalfa, it can be assumed

- Alfalfa is a GMO-free protein source of high quality which additionally can
provide supporting ecosystem services.

« The quality of alfalfa as a feed is more variable than that of grains. It thus
requires a different approach to develop and exploit its utility.

« Quality categorisation facilitates the use of alfalfa in a targeted manner for all

KEYWORDS alfalfa, protein resource, leaf mass, quality categories,
differentiation, ecosystem service

that it is not only suitable for ruminants but also as a feed
component for monogastric animals. However, this applies
only if the large variation found in both whole plants and in
plant fractions is thoroughly considered and used as a start-
ing point for a target-oriented application designed to best
fit the corresponding requirements of farm animals.

1 Introduction

1.1 Role of alfalfa as protein source with an
added value

In view of an ongoing discussion about the negative impacts of
imported protein-rich feed (Stolton and Dudley 2014), region-
ally produced protein resources are generally favoured when
looking for environmentally friendly and GMO-free sources.
This applies in particular to organic agriculture where legal
frameworks require the use of home-grown feedstuffs and pro-
hibit the use of synthetic amino acids. Due to the restrictions
on the choice of feeds, providing young animals with amino
acids according to their requirements is particularly difficult in
organic farming (Zollitsch 2007). Currently, soybean is the most
commonly used protein feed as it has a balanced amino acid
profile and is readily available (Wang et al. 2011). Only 56 % of
the crude protein (CP) used in European organic farming is of
European origin (Friih et al. 2015). In contrast to soybean, alfal-
fa is less fastidious regarding warmth and water and is suited
to production in various locations around the world including
many European regions (Li and Brummer 2012).

! University of Kassel, Department of Animal Nutrition and Animal Health, Nordbahnhofstra3e 1a, 37213 Witzenhausen, Germany

CONTACT Leonie.Blume@uni-kassel.de
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Alfalfa is a local, high-quality and, when grown in the

European Union, a GMO-free forage plant (WORC 2008). It
also provides additional supporting ecosystem services (Reid
etal. 2005) such as increased soil fertility, avoidance or reduc-
tion of the use of nitrogen fertilizers as well as pest and dis-
ease control (Wiggering et al. 2012). In temperate climates,
alfalfa has the potential to produce high yields of crude pro-
tein (CP) and dry matter (DM) per hectare (Wilkins and Jones
2000). As a local protein resource, alfalfa can be used for vari-
ous farm animals and thus serve in the production of milk,
meat and eggs for human consumption.
Alfalfa provides comprehensive ecosystem services beyond
the boundaries of the farm such as enhanced biodiversity,
habitat for bees and field birds, improved soil structure, infil-
tration and flood protection (Fernandez et al. 2019, Heuzé et
al. 2016), which should be taken into account when assessing
this forage crop (Reid et al. 2005, Syswerda and Robertson
2014, Wiggering et al. 2012).

The dehydration of alfalfa using hot air drying is an estab-
lished procedure to preserve nutrients, sanitize the forage,
ensure storage stability, and reduce volume. In addition, the
loss caused by crop shattering in the field (especially of the
fine leaf parts) is reduced. The protein is also denatured to a
certain degree and this increases the UDP levels compared
with ensiled alfalfa. In 2018, the alfalfa drying industry in
Europe included 181 plants and 40,000 farmers cultivating
400,000 hectares of alfalfa, producing 3,200,000t of dehy-
drated alfalfa and green forage (Duursema 2018).

The use of alfalfa as a source of protein is well established
for ruminants and horses (Radovi¢ et al. 2009). Due to the
high crude fibre content and the associated reduced digest-
ibility, the use for pigs and poultry is so far mainly limited to
a roughage component for pigs or as environmental enrich-
ment for poultry in the form of bales.

This study looked at five aspects. Each can stand on its
own, but the potential of alfalfa is exploited to the highest
degree if an integrated approach is taken. The study had the
following objectives:

1. to provide an overview of the existing knowledge about
the nutritional value of alfalfa and the factors influencing its
quality,

2.to determine the variation in the nutritional value of alfalfa
based on arange of samples (n=235) of the harvest year 2019
in Bavaria, Germany,

3. to evaluate the effects on feed quality parameters when
processing alfalfa to hay and pellets with a hot air-drying
facility,

4. to assess the effect of separating fractions in a prototype
sieving system on nutritive value with a focus on the require-
ments of monogastric animals,

5. to propose a system to improve and increase the value of
alfalfa for all typical farm animals based on these results.
Before the study concept and the results are presented and
discussed, a short overview of the existing knowledge about
the nutritional value of alfalfa and the factors influencing
quality is given.
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1.2 Nutritional value of alfalfa and the factors
influencing its quality

Research consistently shows that alfalfa has a higher protein
yield than other legumes (Arlabosse and Blanc 2011, Chiesa
and Gnansounou 2011). Comparatively high concentrations
of lysine and methionine qualify alfalfa as a protein source
for pig and poultry (Van Krimpen et al. 2013, Wiistholz et al.
2017). Lysine contents of 2.0 g to 5.7g 100g™ CP and methio-
nine contents of 1.6 to 2.0g100g™CP were measured in
various preserved alfalfa products (Kyntdja et al. 2015). The
quality of alfalfa is influenced by cultivation, harvest, and
processing methods. This results in batches which have
appropriate proportions of essential amino acids (lysine: 17.4
g/ kg DM, methionine: 2.76 g kg™ DM), and a high in vitro pre-
cecal digestibility (lysine: 88-98 % and methionine: 85-94 %)
(Hoischen-Taubner et al. 2017). Compared with the stems,
the leaves contain higher portions of amino acids which are
required by monogastric animals (Dale et al. 2009, Sommer
and Sundrum 2014, Stedkilde et al. 2019).

Moreover, various vitamins (A, C, D, E, K, B1-2-6-12 and
niacin) and minerals (Ca) are valuable nutrients in alfalfa (Ens-
minger 1992). In addition, alfalfa has high levels of beta-caro-
tene and xanthophyll which gives the egg yolk and carcasses
of poultry a yellow colour (Carrasco et al. 2013, Ponte et al.
2004, Sen et al. 1998). Beta-carotene also supports the long-
term fertility of dairy herds (Ascarelli et al. 1985). The caro-
tene content can be reduced by the ongoing enzyme activ-
ities during field drying and subsequent storage. However,
enzymes are inactivated by hot air drying and the associated
rapid preservation. Beta-carotene and other vitamins in hot
air-dried alfalfa are stable in storage (Blaylock et al. 1950,
Booth 1958).

Like most legumes, alfalfa contains anti-nutritional sub-
stances. For example, saponins can cause anti-nutritional
effects in monogastric animals (Ouyang et al. 2016, Sen et
al. 1998, Szakiel et al. 2011) which to date have not been
described in detail as far as a differentiated mode of action
according to different animal species and stages of develop-
ment is concerned. Saponins have many different physiologi-
cal effects because of their bipolar molecular structure. Due
to this property, saponins can react with different substances
and enter into compounds (hydropholic, hydrophyllia, cho-
lesterol and other hydroxy steroids) (Hanson 1988). So far, 33
different saponins have been identified in alfalfa but only
a few of them have been analysed and described in detail
(Berrang et al. 1974). Although having some negative effects,
saponins may positively affect the immune system of ani-
mals and meat quality (reduction of the cholesterol content
in meat) as well as the well-being of pigs and poultry through
good intestinal health (Chaudhary et al. 2018).

Alfalfais used in many ways to feed dairy and beef cattle.
Due to its nutritional composition, alfalfa is a good source of
protein and fibre and can be ideally integrated into rations
that are based on maize. With hot air-dried alfalfa, UDP con-
centration can be increased (Boer et al. 1987). The rumen
UDP concentration increases to 40% on average (LfL 2018).
For dairy cows, the supply of UDP is essential for needs-
based feeding (Santos et al. 1998). Depending on the ration
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composition and nutrients, up to 50% of DM required by
dairy cows and beef cattle can be provided by alfalfa.

The use of alfalfa for pigs and poultry is less common.
However, proportions of 4% to 11 % were recommended for
piglets, fattening pigs and sows (LfL 2011). Diets with up to
15% alfalfa were used for laying hens (Laudadio et al. 2014).
Diets with 3% alfalfa have been fed to in turkeys (Kraunze
and Grela 2010) without any negative effects.

The proportion of valuable nutrients in alfalfa can be
influenced by plant cultivation. In addition to other influ-
encing factors, the cut and the vegetation stage are of great
importance (Hanson 1988, Markovi¢ et al. 2008, Markovi¢
et al. 2009). As the crop growth progresses, the crude pro-
tein content of the plant decreases while the proportion of
fibre fractions increases. The crude protein concentration of
leaves changes with advancing vegetation stages from 308
to 261 g kg™ DM. The crude protein concentration of the stem
declines from 160 to 137 gkg™ DM (Markovic et al. 2008). Over-
all, the concentration of protein and amino acids in the leaves
is significantly higher than in the stems or the whole plant
(Hoischen-Taubner et al. 2017, Sommer and Sundrum 2014).
The mineral concentration is also be influenced by the stage
of vegetation (Markovi¢ et al. 2009). The more frequent the
harvests, the higher the concentration of crude protein and
amino acids associated with smaller fibre fractions (Boller et
al. 2010, Brink and Marten 1989). Depending on the duration
of growth, crude protein concentrations of 24-25% /DM and
fibre contents of 26-20% /DM can be achieved in the third
and fourth cut (Brink and Marten 1989, Hanson 1988). The in
vitro prececal digestibility of alfalfa is high at an early vege-
tation stage and is maintained high by frequent harvesting
(Hoischen-Taubner et al. 2017).

Various saponins with different chemical structures have
been found in the leaves, flowers and roots (Malinow 1984).
The total proportion of saponins is between 0.1 and 3%.
However, concentration varies considerably between the
vegetation periods. While lower levels were determined in
spring and early vegetation stages, the levels were highest in
late summer and in the vegetation stage during or after flow-
ering. These are high enough to have anti-nutritional proper-
ties (Pecetti et al. 2006, Tava et al. 1999). The saponin content
is generally low when daytime temperatures are high and
night-time temperatures are low (Hanson et al. 1973, Szak-
iel et al. 2011). The variety also influences saponin concen-
tration. Measurements of varieties show that varieties high
in saponin may have a concentration that is double that of
varieties low in saponins (Pedersen 1978).

In studies of the hemolytic saponin content in differ-
ent types of alfalfa from across Europe and North America,
remarkable differences in the saponin concentrations
between varieties from different regions of origin were
found. Turkish varieties had the lowest average concentra-
tion of 0.31 %, while wild Turkish alfalfa had 0.71%. In con-
trast, Canadian and European varieties contained significant-
ly higher proportions of saponins with 1.13% and 1.31%,
respectively (Small et al. 1990). According to Gotawska and
tukasik (2009), certain lines of alfalfa with little or no saponin
are available.

- 71(1):1-13

2 Materials and Methods

2.1 Sampling

Samples were taken at a commercial drying plant in North-
ern Bavaria, Germany during the 2019 harvest season. Aim-
ing to obtain a wide range of samples (n=236) from different
locations, the samples were not pre-selected and were either
from the drying facility's own fields or farmer-provided. The
samples were classified according to the cut and the vege-
tation stage. The vegetation stage was determined one
day before harvest. Only vegetation stages 3 (in the bud), 4
(beginning of flowering) and 5 (in flowering) were consid-
ered suitable for commercial processing and therefore sam-
pled in this study. Samples were taken from freshly harvest-
ed alfalfa (fresh) and after processing (hay or pellets) to test
the influence of processing (hot air drying and pelleting) on
the feed value. The technical circumstances prevented the
sampling of both, hay and pellets, from the same fresh alfalfa
batch, so the sampling does not enable a direct comparison
of the effect of processing on the same alfalfa batch.

2.2 Hot air drying

Hot air drying took place in a drum drying facility in the com-
mercial drying plant. The plant operates exclusively with
regionally produced wood chips. The central component of
this type of system is the slowly rotating (1-15 rpm) drying
drum through which material passes once during the dry-
ing process. The duration of drying depends on the speed of
rotation of the drum or its internal components and can be
varied depending on the moisture content and chop length.
The drum'’s internal construction ensures good mixing and
creates a larger contact surface for the material to be dried
(Kneule 1975). Although the drying temperature can be up
to 500°C, the temperature in the crop, depending on the raw
material, remains below 90°C. The material is chopped to a
uniform length and then introduced into the drumin a grad-
ual manner using a spindle. A cyclone is attached to the end
of the drum to control the flow of hot air and to separate the
drying material from it. After drying, the alfalfa is baled or
pressed into pellets (9 or 16 mm).

2.3 Fractionation of the alfalfa in a prototype
sieving system

To assess the effect of fractionation, samples (n=6) were har-
vested in the third cut (vegetation stage in the bud). Alfalfa
was hot air dried and baled for short term storage. A proto-
type sieving system was used to fractionate the alfalfa. The
fractionation took place on movable sieve plates of differ-
ent hole sizes. The whole cut and dried crop was separated
into three fractions: particle size <1 cm (fine fraction), 1-4cm
(medium fraction), and <4 cm (long fraction, Figure 1). The
fine fraction was then pressed into 9 mm pellets and the two
larger fractions into bales. Hot air-dried hay and the three
sieved fractions were obtained for each of the six fresh sam-
ples which were analysed.
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FIGURE 1
Schematic representation of alfalfa fractionation

2.4 Analysis

Fresh alfalfa samples were dried in a drying cabinet at 60°C
before analysis. All samples were analysed for crude nutrient
content, fibre fractions, and the two essential amino acids
lysine and methionine according to the standard procedures
(Naumann and Bassler 2012).

UDP 5 content (the respective UDP content in CP assum-
ing a passage from the forestomach of 5% per hour) was
tested in 6 alfalfa fresh samples and 15 hay and pellets sam-
ples using the wet chemical method according to Licitra
et al. (1996) and Shannak et al. (2000). To assess the in vitro
prececal digestibility, the digestive processes of a pig were
imitated in a multi-enzyme method. The in vitro digestibility
was examined in both the small intestine (prececal digesti-
bility=pcd) (Boisen and Ferndndez 1995) and the colon (total
tract digestibility=ttd, Boisen and Fernandez 1997).

2.5 Categorising alfalfa quality

Quiality categories were defined according to the animals'
varying nutritional requirements in development stages and
different species to use different qualities of alfalfa in feeding.
Based on the detected variation in alfalfa samples, the range
of nutrient values were subclassified in five categories along
the gradients of high to low protein and low to high fibre.
Nutrient values of each category were designed to meet the
varying requirements. The allocation was made by means
of test calculations with the software Hybrimin Feed 5 tak-
ing into account the relevant recommendations for nutrient
supply (National Research Council 1994, 2000, 2012). Through
the alfalfa quality categories, the naturally occurring varia-
tion of quality traits in the alfalfa stocks have to be balanced
with the different nutrient requirements of the farm animals.
Categories were designed to meet the varying requirements
of different directions of use while enabling the use of a wide
range of qualities and thus increase the utility of alfalfa.

2.6 Statistical evaluation

The statistical analysis was carried out with IBM SPSS 20.0
using a univariate (cut number) and two-factorial (influenc-
ing factors cut number and vegetation stage) anova. The sig-
nificance level was set at 0.05 for all evaluations. The test for
normal distribution was checked graphically with box plots
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and analytically with the Shapiro-Wilk test. The homogenei-
ty of variance was checked with the Levene test. The effect
of fractionation was analysed with two-sided paired samples
t-test, p<0.05. The effect size of the two-sided paired samples
t-test was calculated using Cohen's d. It is defined as the dif-
ference between two means divided by a standard deviation
for the data (Cohen 1988).

3 Results and Discussion

3.1 Nutritional value of a range of fresh alfalfa
samples

There were significant differences in the nutrient concen-
tration of the fresh alfalfa from successive cuts (Table 7). The
content of crude protein, lysine, methionine, UDP 5 and the
in vitro pcd CP were highest in the samples of the third cut
alfalfa. The CP levels (193-250 g per kg DM) observed are sim-
ilar to those reported from earlier studies, where Brink and
Marten (1989) and Kyntdja et al. (2015) found 220-243 g per
kg DM. The range is larger. The same applies for lysine and
methionine (7.5-8.4 g lysine and 2.0-2.5 g methionine per kg
DM). This compares with Kyntdjd et al. (2015) who detected
10 and 4 g per kg DM, respectively. Also, UDP in alfalfa fresh
samples was quite low (220-273 g per kg DM), compared to
449 g of UDP from alfalfa silage determined in a study by Cal-
berry et al. (2003). The cut number (1st, 2nd or 3rd) had little
effect on ash, fat, fibre fractions, sugar and starch concentra-
tions. Differences between cuts with respect to nutrition-
al parameters are small and so the classification of material
according to the cut sequence does not provide a reliable
indicator of nutritional quality. The results from in vitro pcd
and the in vitro ttd analysis differed due to the different enzy-
matic methods. The in vitro pcd OM was rather low because
the enzymes for partial fibre splitting were only active in the
total tract analysis, representing the in vivo processes after
the small intestine.

3.2 Effects of hot air drying and pelleting on
feed quality of alfalfa hay and pellets

The concentration of most nutrients in the fresh and the cor-
responding hot-air dried alfalfa were similar (Table 2). The
results indicate that hot air drying had no severe negative
effects on the nutrients. With hot air drying, it is possible to
preserve those nutrients which are especially valuable for pig
and poultry. However, significant treatment differences in fat,
CF, NDFom and sugar were observed. The effect size accord-
ing to Cohen's d was low for all significant parameters. There
were no significant changes in the levels either in the in vitro
pcd digestibility or in the total tract digestibility. The essen-
tial amino acids lysine and methionine remained at the same
level. The concentrations of UDP 5 increased due to the pro-
cess in the hot air-dried hay.

The fresh samples were compared with the pellets to
evaluate the effect of hot air drying and pelleting on the
nutrients. Pelleting had only a minor effect on nutrient con-
centration (Table 3). The levels of the essential amino acid
lysine (7.6 g per kg DM) and methionine (2.1 g per kg DM)
remained at the level of the fresh samples and were similar
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TABLE 1
Mean nutrient concentrations (100 % dry matter) of fresh alfalfa from successive harvest cuts

I 1. Cut (n=44) 2. Cut (n=45) 3. Cut (n=39) O

Ash 12.112 +1.39 10.112 +1.79 11.07° +1.96 0.002
Ccp 20452 +3.42 e +3.60 25.00° +3.52 <0.001
Fat 2.202 +0.37 227" +0.54 2.58" +0.46 <0.001
CF 30912 +294 29.092 +4.86 31.14° +5.53 0.001
NDFom 48.07 +3.86 46.93 +5.52 46.70 +7.26 0.069
ADFom 39.092 +1.34 37.50° +1.41 38.072 +1.46 0.036
ADL 7.66 +1.70 7.83 +1.80 7.82 +1.56 0.986
Sugar 4.48 +1.04 4.23 +1.01 3.56 +0.84 0.960
Starch 2.59 +0.79 2.85 +0.87 223 +0.98 0.055
In vitro pcd CP 78.7 +6.99 81.1 +5.86 81.9 +5.58 0.641
In vitro pcd OM 35.6 +3.80 371 +5.97 36.8 +8.49 0.068
In vitro ttd CP 82.4 +7.25 86.9 +6.98 86.2 +5.07 0.590
In vitro ttd OM 50.1 +6.71 55.5 +7.04 56.5 +7.36 0.061
Lysine 0.752 +0.10 0.82° +0.11 0.84° +0.13 0.004
Methionine 0.202 +0.04 0.24" +0.05 0.25" +0.07 <0.001
UDP 5 (gkg™ CP)** 220 +141 258 +101 273 +57 0.353

SD= standard deviation, CP= crude protein, CF= crude fibre, NDFom= neutral detergent fibre on an organic matter basis, ADFom= acid detergent fibre,
ADL= acid detergent lignin, OM= organic matter, pcd= (in vitro) prececal digestibility, ttd= (in vitro) total tract digestibility, UDP 5= crude protein not
digestible in the rumen at an assumed ruminal passage rate of 5% per hour

*univariate anova (post-hoc-test: Bonferroni), level of significance p<0.05. Significant differences between the groups are indicated with different letters.
** UDP 5 only two samples (fresh) at each cut number (n=6) were analysed for UDP 5

TABLE 2
Mean nutrient concentrations (100 % dry matter) of fresh alfalfa and alfalfa hay

Ash 56 10.4 +1.56 10.5 +1.55 -0.243 0.809
Ccp 56 19.7 +4.39 20.7 +2.71 -1.324 0.192
Fat 56 214 +0.42 2.31 +0.51 -2.495 0.016 0.33
CF 56 31.3 +5.23 29.3 +4.05 3.001 0.004 0.40
NDFom 56 49.3 +6.95 46.2 +4.62 3.001 0.004 0.40
ADFom 56 39.5 +5.82 377 +5.44 1.780 0.082
ADL 56 8.46 +1.74 7.86 +1.45 1.945 0.058
Sugar 56 4.01 +2.34 5.54 +1.59 -3.460 0.001 0.46
Starch 56 278 +1.14 2.57 +0.78 0.659 0.513
in vitro pcd CP 40 80.2 +4.65 81.3 +2.62 -1.648 0.114
in vitro pcd OM 40 359 +4.46 37.0 +3.77 -0.420 0.678
in vitro ttd CP 19 84.2 +4.38 84.3 +6.69 -0.931 0.421
in vitro ttd OM 19 52.7 +7.40 55.2 +4.43 -0.608 0.586
Lysine 48 0.76 +0.12 0.77 +0.09 0.179 0.859
Methionine 48 0.21 +0.05 0.21 +0.04 0.825 0.414
UDP 5 (g kg™ CP) 5 278 +59.0 425 +54.1 -8.051 0.004 4.03

SD= standard derivation, CP= crude protein, CF= crude fibre, NDFom= neutral detergent fibre on an organic matter basis, ADFom= acid detergent fibre,
ADL= acid detergent lignin, OM= organic matter, pcd= (in vitro) prececal digestibility, ttd= (in vitro) total tract digestibility, UDP 5= crude protein not
digestible in the rumen at an assumed ruminal passage rate of 5% per hour

*Two-sided paired sample t-test p<0.05
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TABLE 3

Mean nutrient concentrations (100 % dry matter) of fresh alfalfa and alfalfa pellets

Ash 48 11.82 +1.77 11.93 +1.77 -4.265 <0.001 0.62
cp 48 22.44 +4.99 20.57 +4.26 -0.915 0.364
Fat 48 2.28 +0.39 294 +0.53 -8.658 <0.001 1.25
CF 48 29.77 +4.81 26.25 +4.73 4.446 <0.001 0.64
NDFom 48 47.16 +5.60 48.41 +8.47 -0.844 0.403
ADFom 48 37.84 +5.17 34.77 +6.92 3.122 0.003 0.45
ADL 48 7.89 +1.65 7.55 +1.66 1.350 0.183
Sugar 48 4.35 +2.22 5.34 +2.06 -2.375 0.021 0.34
Starch 48 293 +1.13 27233 +1.51 2.583 0.012 0.37
In vitro pcd CP 40 80.9 +491 75.8 +775 2.446 0.021 0.39
In vitro pcd OM 40 36.3 +4.32 384 +8.45 -2.589 0.015 0.41
In vitro ttd CP 19 85.9 +1.95 79.3 +9.08 1.905 0.197
In vitro ttd OM 19 55.1 +3.61 53.0 +10.4 1.062 0.400
Lysine 48 0.76 +0.10 0.77 +0.11 1.202 0.234
Methionine 48 0.22 +0.03 0.23 +0.05 -0.654 0.516
UDP 5 (gkg™ CP) 5 237 +20.0 409 +35.6 -10.412 0.000 4.66

SD=standard deviation, CP= crude protein, CF= crude fibre, NDFom= neutral detergent fibre on an organic matter basis, ADFom= acid detergent fibre,
ADL= acid detergent lignin, OM= organic matter, pcd= (in vitro) prececal digestibility, ttd= (in vitro) total tract digestibility, UDP 5= crude protein not

digestible in the rumen at an assumed ruminal passage rate of 5% per hour
*Two-sided paired sample t-test, p=<0.05

to those of previous studies with 3-7 g lysine per kg DM and
1.7-2.4 g methionine per kg DM, respectively (Beyer et al.
1977, Kyntdja et al. 2015). However, the process of pelleting
affected fibre, fat, starch, and sugar fractions as well as in
vitro pcd. While in vitro pcd CP was reduced, UDP 5 increased
significantly.

The results indicate that the drying process and the heat-
ing during the pelleting did not cause a loss of the amino
acids. Hot air drying is therefore suitable for producing high
quality pellets for animals with high demands on essential
amino acids. In general, a wide variation was determined for
all parameters. In hay and pellets UDP 5 levels from 22 up to
50% were found. With this range both, hay and pellets suit-
ed ideally for dairy cattle feeding. Although the number of
samples was quite small, the great effect on UDP 5 seemed
plausible.

The data on CP, CF, in vitro pcd CP, lysine, methionine
and UDP 5 as affected by harvest number and vegetation
stage are reported in Figures 2-7. These treatments had
a large effect on CP. CP levels were highest in vegetation
stage 3 and lowest in vegetation stage 5 across all harvests
(p=0.002) thus confirming previous studies (Markovic et al.
2008, Radovi¢ et al. 2009). There was less variation between
harvests. The highest CP levels were observed in the third
cutand vegetation stage 3 confirming the results of previous
studies (Brink and Marten 1989, Markovic¢ et al. 2008). Due to
the harvesting conditions, there was no vegetation stage 5 in
the third cut. The CF content was negatively correlated with

CP values. Vegetation stage 3 contained the lowest levels
and vegetation stage 5 the highest levels of CF. While CF con-
centration declined with successive harvests, (p=0.004), the
variation within harvests due to vegetative stage was large.
The concentrations of lysine and methionine increased with
successive harvests and were highest in the early vegetation
stages. Cut number and vegetation stage had a significant
effect on concentrations of the essential amino acid lysine.
The highest levels were achieved in cut three at the earlier
vegetation stage 3 and the lowest in the second cut at the
late vegetation stage 5. The situation was similar for methio-
nine. For the parameters CP, CF, in vitro pcd, lysine, methio-
nine and UDP 5, significant differences were detected in the
linear model due to cut number and vegetation stage. The
UDP 5 content varied greatly between all cuts. Nevertheless,
all cuts had a similar maximum value of around 5009 per kg
CP. As the sample size was small, these findings should be
viewed as a tendency.

The cut number had a significant effect on CF, in vitro
pcd, lysine and methionine. The vegetation stage had a sig-
nificant influence on all five parameters. The interaction of
cut number and vegetation stage significantly influenced
lysine and methionine only. These findings show that cut
number and vegetation stage can influence the feed value
of alfalfa. The vegetation stage had the greatest effect on
nutrient levels relevant for monogastric animals.
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3.3 Nutritional value of sieved fractions

In addition to the effect of hot air drying, the nutritional val-
ue of fractions was assessed. In Table 4, the nutrients of the
fresh material are compared with the nutrients of the pel-
lets, produced from the fine sieve fraction (<1 cm). The pro-
cess aimed at separating fibre rich stem fractions from leaf
mass. Due to the brittle structure of dried alfalfa leaves it was
expected to accumulate in the fine fraction. The concentra-
tion of almost all valuable nutrients especially CP (304 vs.
246 g per kg DM) was significantly higher (p=0.004). They
were in the same range (308-261 g per kg DM) as observed
in previous studies by Markovi¢ et al. (2008). In contrast, the
CF content was lower (p=0.043) in agreement with previous
studies (Hoischen-Taubner et al. 2017, Markovi¢ et al. 2008,
Sommer and Sundrum 2014), which assessed separated alfal-
fa leaf material. The same applied for the fibre fraction ADF
(p=0.023). The in vitro pcd of CP remained at a consistently
high level. Lysine and methionine were more concentrated
in the fine fraction which contains in large parts of leaf mass.
The concentration of lysine was 3.17 g per 100g CP in whole
plant material compared to 3.29 g per 100 g CP in the fine
fraction. The concentration of methionine was 0.93 g per 100
g CPin the whole plant material compared with 1.12 g per 100
g CPin the fine fraction. This is in line with Amir and Hacham
(2008) who concluded that methionine accumulates in
leaves during vegetative growth to be translocated to seeds.
Accordingly, fractionation separates out material which has
afavourable amino acid profile. This was also the case for the
UDP 5 concentration which increased significantly because

TABLE 4

of the drying process. The in-vitro pcd of OM increased signif-
icantly (p=<0.001) as did the in-vitro digestibility of the entire
digestive tract. The Cohen effect size (d) was pronounced for
the parameters CP, CF, fat, ADF, in vitro pcd CP, total tract CP
and OM as well as lysine, methionine and UDP 5. Due to the
small sample size, results of UDP 5 should be interpreted with
caution.

Figures 8-12 present the data on the concentrations of
nutrients in fresh alfalfa (A), hot air-dried hay (B), and the
three subsequent fine (C), medium (D), and long (E) sieve
fractions. CP (Figure 8) was concentrated in the pellets from
the fine fraction (C). Nevertheless, the medium (D) and long
(E) fractions still contained useful concentrations of CP (10—
17%). For CF (Figure 9), the content in the fine fraction was
significantly lower, on average down to 17 % compared with
the other materials. Fractions D and E had CF contents of
more than 30%. Lysine and methionine (Figures 10 and 11)
were higher in the fine fraction than in the whole plant rep-
resented by samples A and B. The highest levels of 0.92 % for
lysine and 0.32 % for methionine exceeded by far the highest
levels of lysine (0.71%) and methionine (0.24%) in group B
and were higher than in previous studies (Hoischen-Taubner
etal. 2017). The in vitro prececal digestibility of CP (Figure 12)
was at a high level in the fresh and in the hay sample. On
average, the digestibility in pellets from the fine fraction (C)
was at the same level as in the hot air dried hay (B). Although
the vitro prececal digestibility of CP was reduced in the stem
fractions, it reached a high level, averaging 82 %. The level of
in vitro digestibility of CP was consistent with that found in a

Mean nutrient concentrations (100 % dry matter of fresh alfalfa and of pellets made from alfalfa fine fraction material

Alfalfa fresh Alfalfa fine fraction pellets
(fraction< 1cm)

Ash 6 11.08 +1.65 12.82 +0.89 -1.755 0.154

CcpP 6 24.61 +292 30.41 +2.35 -6.026 0.004 2.70
Fat 6 233 +0.50 3.47 +0.51 -3.300 0.030 1.48
CF 6 27.42 +5.20 19.93 +1.73 2.930 0.043 1.31
NDFom 6 44.90 +6.12 3718 +2.96 2.042 0111

ADFom 6 36.11 +6.43 27.28 +2.56 3.588 0.023 1.60
ADL 6 7.48 +2.33 6.45 +1.53 1.656 0.173

Sugar 6 5.19 +2.31 3.47 +0.73 1.489 0.211

Starch 6 2.74 +0.82 3.10 +0.79 -0.847 0.444

in vitro pcd CP 6 83.23 +3.49 81.49 +2.42 1.251 0.279

in vitro pcd OM 6 45.62 +4.07 62.56 +278 -14.811 0.000 6.62
in vitro ttd CP 6 86.22 +3.54 88.95 +2.17 -3.837 0.019 1.72
in vitro td OM 6 5513 +3.00 63.50 +4.06 3495 0.033 1.43
Lysine 6 0.78 +0.08 1.00 +0.06 -5.172 0.007 2.31
Methionine 6 0.23 +0.03 0.34 +0.03 -7.951 0.001 3.56
UDP 5 (g kg™ CP) 3 254 +12.7 447 +23.6 -24.062 0.002 13.89

SD=standard deviation, CP= crude protein, CF= crude fibre, NDFom= neutral detergent fibre on an organic matter basis, ADFom= acid detergent fibre,
ADL= acid detergent lignin, OM= organic matter, pcd= (in vitro) prececal digestibility, ttd= (in vitro) total tract digestibility; UDP 5= crude protein not
digestible in the rumen at an assumed ruminal passage rate of 5% per hour, * two-sided paired sample t-test, p=<0.05
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Feed quality parameters of fresh, dried and three sieve frac-
tions (of alfalfa (A=fresh, B=dried, C=fine fraction pellets,
D=medium fraction, E=long fraction, n=6)

previous study (Hoischen-Taubner et al. 2017). Stem fractions
(D-E) could be used for pigs and poultry as roughage and
environmental enrichment with still relevant proportions of
CP, lysine, methionine and a good pcd CP.
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3.4 Concept to improve and increase the use of
alfalfa for all typical farm animals based on the
results of this study

So far, alfalfa-based materials are not differentiated accord-
ing to nutrient values. It is common practice to specify uni-
form standard levels to obtain a marketable standardised
feed component. Such values serve as a minimum (Green
feed drying house Timmerman 2020, Hartog 2020). They
do not represent the actual spectrum of qualities of a har-
vest year or crop. This results in variation in nutrient value
between batches which hampers targeted use of alfalfa.
Thus, alfalfa remains under-utilised because different farm
animals cannot be fed effectively with material that does not
consistently meet specifications.

In order to rectify this situation, we propose a system of
nutritional categories which differentiates and defines the
wide range of qualities in alfalfa and then defines them in
relation to different nutritional requirements. This turns
the heterogeneous qualities of alfalfa from a disadvantage
to an advantage and therefore serves as starting point for
increasing the utility of alfalfa. This approach can be seen as
an essential prerequisite for preparing adequate feed rations.
But in practical farming it is still important to highlight qual-
ity differences, especially when quality ranges of a new feed
crop are expected to be high.
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Within this system, the heterogeneous qualities are
first analysed and then divided into categories in order to
make them manageable. The quality categories can then be
assigned to the animal species with directions for use. This
allows the available qualities to be used in a targeted man-
ner. In this study, categories were defined according to the
range of nutrients identified in alfalfa. This formed the basis
for matching diverging nutritive values of the growing plant
with the nutritional requirements of different animals. In
order to use alfalfa as roughage feed component or in pro-
tein supplements, minimum levels of the valuable nutrients
CP, CF, lysine and methionine were formulated and assigned
to the needs of farm animals. To serve a high-quality catego-
ry that meets the nutritional requirements of young mono-
gastricanimals, the heterogeneity of dried alfalfa is increased
using fractionation which concentrates valuable nutrients in
the fine fraction. While neither cultivation management nor
harvesting was especially tailored to increase protein yields,
the nutrient values reported in this study reflect the current
status quo of alfalfa quality in northern Bavaria. The poten-
tial for producing very high-quality alfalfa-based fraction can
lead to the formulation of a high-quality premium feed prod-
uct class.

The basic model provides five graded quality categories
in which the alfalfa can be classified according to the nutri-
ents and the suitability for different species and life stages
(Figure 13). Values in the concept are given for standardized
88% DM for easier comparison with other feedstuffs. Alfal-
fa of the first category contains the highest levels of CP and
essential amino acids, while alfalfa of the fifth category is

Nutrients in
Category 88 % DM
CP>25%
Lys >1.0%
! Met>0.32%
CF<13%

CP>22%
lys>0.8%
Met >0.27 %

CF<16%

CP>16%

Y lys>05%
Met>020%
v
FIGURE 13
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characterized by a low CP content and high levels of CF. To
produce alfalfa for category one, an early stage of vegeta-
tion must be used and the leaf and stem must be separated.

The concept of quality categories is intended not only to
ease the handling of the large variation in the nutritional val-
ue of alfalfa. It also facilitates the communication between
farmers, the feed industry and drying plant operators. It
simplifies the targeted use of alfalfa in feeding regimes.
Until now, alfalfa has been generally marketed as a rough-
age component based on standard assumptions of its nutri-
tional value. Because of the large variation in the nutrient
content between and within different cuts and vegetation
stages, alfalfa should not be used just as a general feed com-
ponent. It can be analysed and than categorized to prevent
imbalances in nutrient and energy supply when fed to differ-
ent animal species. With the declaration of nutrient compo-
sition and pooling of similar batches, alfalfa can be used as a
valuable feed source to support needs-based feeding strate-
gies, including for sensitive groups of farm animals. As a basic
requirement, and at the same time the greatest obstacle to
date, batch analysis must be carried out during the harvest
campaign.

Quality categorisation of alfalfa could support produc-
tion of protein-rich batches targeted at specific uses. In addi-
tion to cut and vegetation stage, there are other influenc-
ing factors that were not examined in the present study but
should nevertheless worthy of note. Knowledge of these
influencing factors, such as choice of variety (Berrang et al.
1974, Small et al. 1990, Tava et al. 1999) and the dynamically
changing content of saponins (Gotawska and tukasik 2009,

Suitable for the follwing animal species and feeding groups

Q? ﬁml-rﬂ
Q* ﬁ\ﬂnﬂ

oy
oy
~i
~

Basic model of five graded quality categories for classification of alfalfa
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Pecetti et al. 2006, Tava et al. 1999), are crucial for the estab-
lishment of a targeted use of the quality-differentiated alfalfa
for farm animals. The aim is to open up this local protein
resource for all farm animals and simultaneously generate
synergetic effects through operational and societal ecosys-
tem services which arise from an increased cultivation of alfal-
fa (Burkhard et al. 2012, Reid et al. 2005, Wiggering et al. 2012).

4 Conclusions

Alfalfa can be cultivated as a regional and GMO-free protein
source which provides various supporting ecosystem services.
Analyses of comprehensive samples showed great heteroge-
neity in terms of the nutrients across all cuts and vegetation
stages. The amino acid profile is concentrated and changes
the proportions advantageously in the leaf mass. The hot air
drying, asimplemented in this study, had no observed nega-
tive impacts on the nutrient content. By producing different
sieve fractions from whole alfalfa plants, the valuable nutri-
ents can be concentrated in the fine fraction, which compris-
es mostly leaf material. At the same time, the separation of
leaf and stem greatly reduces the fibre fractions CF and ADF
in alfalfa fine fraction. This means that alfalfa can also be used
as a protein component in feed for pigs and poultry and not
just as a roughage component. As alfalfa is a growing plant,
as opposed to a grain seed, it is far less a uniform feed com-
ponent than is the case with seeds. Therefore, it requires a
different approach in order to develop its utility. It is conclud-
ed that a targeted use of the heterogeneous qualities for dif-
ferent animal species is not possible without a preceding
feed analysis. Bringing in line the range of nutrients found
with the nutrient requirements of all typical farm animals in
their different life stages resulted in the concept of quality
categories to facilitate the use of alfalfa in a targeted man-
ner. To exploit the comprehensive potential of alfalfa (feed
value, ecosystem services, social benefits), all aspects exam-
ined should be considered together in a systemic approach.
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Abstract

Early contact to plant-based feed (creep feed) should stimu-
late the adaption of the gastrointestinal system and promote
gut development, with the desired effect of less physiologi-
cal stress at weaning, lower incidence of diarrhoea and high-
er growth rates due to better feed efficiency.

From May 2013 to July 2015 we studied the feed intake
behaviour of piglets during a 6-week suckling period (93 far-
rowings, 917 weaned piglets). The piglets were born in one
of two different free farrowing systems for one sow, after
two weeks half of the farrowing batches were transferred
to a group suckling system from their initial housing system
(2x2 factorial design: initial housing organic or conventional
and subsequent grouping or not). We observed the time the
piglets began to consume relevant amounts of creep feed,
the quantities they consumed, their growth rates and the fre-
quency and length of their visits at two locations for feeding
(piglet area, trough of sow). Additionally, we tested whether
intervisibility between the two feeding areas influenced feed
intake of the piglets.

Piglets that remained in the single suckling systems con-
sumed 18.6+4 g piglet’ (organic) and 26.1+4 g piglet™ (con-
ventional) on days 7-9 after the beginning of the creep feed-
ing period. In the same time period, piglets transferred to the
group suckling system from organic pens consumed 7.1+4 g
piglet’ and piglets from conventional pens 16.2+4 g piglet’.
Piglets that remained in the organic single suckling pen were
heaviest at weaning (11.9+0.2 kg) but consumed only 43.6+19
g piglet” on days 22-24 after beginning of the creep feeding

Creep feed intake was highest in group suckling pens when compared to two

single suckling pens, but piglets did not gain more weight.

« Overall, the prevalence of pigs visiting the trough of the sow was just as high
as of pigs visiting the creep feeding place.

« Around 25 % of the studied piglets were never observed at the feeding area.

KEYWORDS creep-feed, free-farrowing, feed intake, social facilitation

period. Piglets in the group suckling system consumed 125.0
g piglet’ (conventional) and 236.4 g piglet” (organic), but
weighed only 10.6 kg (conventional) and 11.0 kg (organic).

Subsequent grouping and the interaction of initial hous-
ing, grouping and day had a statistically significant effect
on feed intake (grouping: p=0.03; interaction: p<0.001)
and body weight of piglets (grouping: p=0.01; interaction:
p<0.001). Influence of birthpen was significant only for body
weight (p<0.001).

Within the four hours observed (11:00-13:00; 16:00-18:00),
the piglets visited the feeding places on average 4 times a
day, with one peak at the beginning of the feeding phase
and another one close to weaning. Piglets in the group
suckling system spent most of the time at the creep feed-
ing place (organic: 9.9+1 min, conventional: 9.6+1 min) and
less than one minute at the sow’s trough. Piglets in the
organic system spent the least amount of time at the feed-
ing place (2.5+1 min, statistically significant) and most of it
at the sow’s trough (4.6+1 min). Piglets in conventional pens
were observed for 7.2+1 min at the creep feeding place and
8.2+1 min at the sow’s trough.

Piglets consumed more at feeding places when provided
intervisibility with the sow’s trough, but the difference was
not statistically significant. Overall, the prevalence of pigs vis-
iting the creep feeding area was as high as of pigs visiting the
trough of the sow.

The results suggest that to promote feed intake at the
creep feeding place, group suckling is preferable to single
litter suckling systems.

! Agricultural Research and Education Centre Raumberg-Gumpenstein, Institute of Organic Farming and Farm Animal Biodiversity,

Thalheim/Wels, Austria

CONTACT paul.schwediauer@raumberg-gumpenstein.at



Schwediauer et al. (2021) - LANDBAUFORSCH - J Sustainable Organic Agric Syst - 71(1):14-22 15

1 Introduction

Natural weaning of pigs gradually progresses over several
weeks. Brooks and Tsourgiannis (2003) distinguish four devel-
opmental phases: hiding, following, learning and independ-
ence. Until day 16, piglets mainly stay inside their nest (hiding
phase) and begin to leave in week two, resting close by the for-
aging sow and sampling the food she eats (following phase).
Piglets at productive teats still exclusively suckle the sow, while
littermates suckling a less productive teat will often start to
consume solid feed earlier. In week four they begin to apply
this acquired knowledge and actively explore which foods are
palatable (learning phase). As suckling frequency diminishes
around week eight, the piglets enter the phase of independ-
ence and weaning.

In commercial farming however, it became common
practice to abruptly separate the piglets from the sow sever-
al weeks earlier than under natural conditions. This can cause
stress, often leading to malnutrition, weakened immune sta-
tus and post weaning diarrhea (Moeser et al., 2017; Pluske et
al., 2018). Farmers and veterinarians regularly must administer
antibiotics to prevent animal suffering and monetary losses.
As Kruse et al. (2019) report, 65% and 54 % of antibiotic treat-
ment doses for weaners and finishers in Danish organic pig
herds (80 and 68 % in conventional herds) are accountable to
gastrointestinal indication. This is a serious health and welfare
issue and negatively impacts growth and feed efficiency in the
growing stage.

There is a range of feed additives and components utilised
in an effort to alleviate the negative symptoms of early wean-
ing (e.g. pro- and prebiotics, organic acids, short-and medium
chain fatty acids; for reviews see: Dong and Pluske (2007) and
Rhouma et al. (2017). While these compounds may be able to
provide help as auxiliary measures, solid feed intake of many
piglets is usually low during the suckling phase and the first
days after weaning, thereby constraining their efficacy.

Suckling piglets cover only 1.2% to 17.4% of their total
energy demand with solid feed (Pluske et al., 1995). On day 7
after weaning at day 26 (average body weight of 8.4 kg) energy
uptake was found below maintenance in 45 % of the piglets dis-
sected by Vente-Spreeuwenberg et al. (2003). This had a nega-
tive effect on villus height and brush border enzyme activity
in the small intestine and thereby increased faecal score (0-3;
where 3=thin, liquid faeces) and the risk for diarrhoea. Usually,
creep feed is offered with the intention of facilitating the tran-
sit from milk to solid food (Meyer, 2013). Piglets that consume
creep feed before weaning might have increased feed intake
post weaning (Muns and Magowan, 2018), but the consumed
amount of creep feed varies heavily between and within litters
(Azain et al., 1996; Corrigan, 2002; Pajor et al.,1991).

Sow and litter of wild boars synchronously increase their
activity after farrowing, and as they begin to forage together
the piglets encounter a broad variety of food sources (Gund-
lach, 1968). With an innate aversion for bitter (Nelson and San-
regret, 1997; Roura et al., 2008) and a preference for sweet taste,
young pigs differentiate between wholesome digestible and
potentially harmful foodstuff. Still it would be advantageous
for them to observe closely where and what the experienced

piglets or the sow are foraging. Among other influences (e.g.
palatability, sensory diversity, milk yield of sow), learning and
social facilitation therefore could act as mechanisms to over-
come food neophobia and increase solid feed intake of piglets.

Oostindjer et al. (2011) utilized social learning in pigs by
demonstrating that piglets showed interest for the feed of
the sow even when they could not reach it. When they gained
access to it, they began to eat sooner and consumed greater
amounts than piglets that had never observed the sow eating.
Morgan et al. (2001) found that the feed intake of piglets inex-
perienced with solid feed increased when they were housed
together with an experienced piglet.

Clayton (1978) defined social facilitation of behaviour as “an
increase in the frequency or intensity of responses or the initi-
ation of particular responses already in an animal's repertoire,
when shown in the presence of others engaged in the same
behavior at the same time”. Pigs are highly social and feeding
behaviour is synchronised. By demonstrating that already sati-
ated pigs will resume feeding due to the introduction of anoth-
er feeding pig, Hsia and Wood-Gush (1984) could confirm that
social facilitation affects the feeding behaviour of pigs.

In this study, we assessed how feed intake behaviour of
piglets differed in three free farrowing systems that vary in
placement of the creep feed and the number of litters pres-
ent in one pen by usage of the feeding area and consump-
tion of creep feed. We expected to observe clear differences
in feed intake behaviour of piglets between the three systems.
To investigate the effect of social learning on feed intake of
piglets, we also tested the effect of intervisibility between the
feeding place of the sow and the creep feeding place within
one of the three systems.

2 Materials and Methods

We collected data (group level: feed intake; animal: live
weight, feeding place usage) of 93 litters (917 weaned pig-
lets) and 44 sows (1-4 litters per sow) between May 2013 and
July 2015. The experiment took place at the research farm
of the Institute of Organic Farming and Farm Animal Biodi-
versity (Agricultural Research and Education Centre Raum-
berg-Gumpenstein) in Thalheim/Wels. The farm keeps an
average of 45 sows in a 3-week production rhythm with a
group size of six sows per farrowing batch. Piglet losses are
recorded, and cause of death is routinely evaluated by autopsy.

2.1 Experimental design

To analyse feeding place usage in the three different housing
systems we used video recording (one day per week). Four
of the pens were of type ,Welser” (W), four pens were type
+WelCon” (WC) and one of them was a group suckling pen
(GS, capable of housing up to five sows).

To ensure consistent group sizes, we decided on a batch
size of four sows. There was one farrowing batch per treat-
ment and four consecutive batches were one replication. In
total there were six replications, three with 16 litters (replica-
tion 2, 3, 4) and three replications with only 15 litters (repli-
cation 1,5, 6).
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One week before parturition, the sows were moved to
one of two different single farrowing systems: one of those
was designed to comply with organic standards (Welser
pen), the other one built as a conventional loose housing
pen (WelCon pen). Two weeks after parturition 46 of the 93
litters (10 batches of four and two batches of three litters)
were moved from this initial housing system (birthpen) to the
group suckling system. The remaining 47 litters (11 batches
of four and one batch of three litters) stayed in their respec-
tive single farrowing pens. Because the group size on the
research farm is 6, the possibilities for randomization of sows
were limited. Therefore, not every sow was housed in every
system and if possible, we tried to not assign one sow too
often to the same treatment.

2.2 Pen layout

The farrowing pen of type Welser is 12.5 m” big (4.3 m? lying,
6.0 m> free-run, 1.1 m” for eating, 1.1 m” as creep area). The
lying area is in an outdoor environment and constructed as

40

16

wooden huts with removable lids and a subdivided piglet
area. A plank was mounted between creep feeding place and
lying area/nest to keep the creep feed clean from straw. The
creep feeding place of this pen is physically separated from
the trough of the sow and located at the opposite side of the
pen (Figure 1).

Layout and arrangement of the functional areas of far-
rowing pens type WelCon (6.5 m?) is like the Welser pens, but
these were constructed indoors and did not provide an out-
door-run, therefore they did not comply with organic stand-
ards. The creep feeding place (0.33 m?) is not accessible for
the sow but located right next to her trough. To provide
interivisibility, the pens had an opening between the trough
and the feeding place. The opening was equipped with stain-
less steel bars (30 x 40 cm) that could be easily closed with a
PVC panel. Through these bars, the piglets were able to see,
hear and smell the sow when eating. This window was open
in either one, two or none of the four WelCon pens in each
of the five replications (Table 1). Temperature was measured
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TABLE 1

In each of the four WelCon pens a window provided inter-
visibility between trough of sow and creep feeding. The
window was either closed or open.

1

Open Open Closed Closed
2 Closed Open Open Closed
3 Closed Open Open Open
4 Closed Closed Closed Closed
5 Open Closed Closed Open
6 Closed Closed Open Open

only in WelCon pens and therefore only included in the analy-
sis of effect of intervisibility.

The group suckling pen for up to five sows offerd 25.5 m?
for lying and activity, an outdoor run of 16.1 m? and an area
only for piglets (13.8 m?). The piglet area had three separate
creep nests and one shared area for feeding (2.8 m?).

2.3 Feeding

The sows in group pens were fed in troughs in the out-
door run. These troughs were transponder activated and
only opened when the respective sow stood in front of it.
The piglets therefore had only limited access to the trough
of the sow. When the sows were moved to the group suck-
ling pens, they took some time to learn how to use the tran-
sponder. Within half a day, every one of them was able to
feed at her allotted trough. The animals were fed twice a day
at 6:00 in the morning and between 12:00 and 13:00. All pens
were provided with straw and no other kind of roughage was
offered to the animals.

Sows were fed ad-libitium with dry feed. To calculate the
amount of feed consumed by each sow, the daily amount of
feed was recorded, and the amount of leftover feed meas-
ured once a week in the individual troughs.

Piglets were fed creep feed when they were 17+1.8 days
old. Creep feed was offered on the floor of the creep feeding
area in all three farrowing systems. The feed was weighed
daily to calculate feed intake for single or mixed litters (group
suckling). With the start of creep feeding, each litter was fed
200 g of feed independent of litter size. If less than 60 g were
left over the next day, the litter was fed 100 g more. Because
feed intake was low after the beginning of the creep feeding
phase we grouped the data in eight periods of three days
per period. Composition of the sow and creep feed is shown
in Table 2.

2.4 Behavioural observations

A camera (Geovision GV-BX-1300-KV) was mounted above
each creep feeding place and every sow-trough. From the
start of creepfeeding until weaning, the feeding places were
recorded every Monday and Tuesday from 05:30 to 18:30. The
videos were observed continuously from 11:00 to 13:00 and
between 16:00 to 18:00. To assign location (creep feeding
place, sow trough) and timestamps for each animal, we used

Interact (V.14, Mangold). To identify individual piglets, they
were marked with numbers on their back. Unusable videos
from Mondays were replaced by using one of the following
(tues-)day. Prior to the analysis, each of the three observ-
ers had to code a video of one hour length according to the
TABLE 2

Composition and calculated nutrient and energy

contents of the diets for the sow and the creep feed

Ingredients/Composition Lactation feed Creep feed
(meal) (pelleted)

Maize, % 20.0 -
Barley, % 20.0 24.0
Wheat, % - 25.7
Soy cake, % 1.7 14.1
Triticale, % 10.0 =
Sunflower cake, % 10.0 -
Wheat bran, % 10.0 -
Faba bean, % 8.0 -
Dried alfalfa meal , % 5.0 -
Rye, % 1.5 =
Oat cake, % - 12.0
Pea, % = 9.5
Skimmed milk powder, % - 7.5
Pumpkin seed cake, % - 4.7
Mineral mix, % 3.8 2.5
Dry Matter, g kg™ 889 882
ME, MJ/kg * kg DM 12,5 13.5
Crude protein, g kg' DM 155 194
Crude fat, g kg’ DM 50 34
Crude fibre, g kg DM 64 37
N-free extractives, g kg DM 564 566
Crude ash, gkg”' DM 55 51

TABLE 3
Ethogram for behaviour assessment

Piglet enters creeparea  Head of the piglet inside the feeding area,

shoulder at height of the pen-border
Piglet leaves creeparea  Head of pigletin activity area, shoulder at
height of the pen-border. If a piglet leaves in
reverse, the whole body has to be outside of
the creep area.

Sow at trough Sow is inside the stall, head looks down and
is inside the trough. Short disruptions of less
than 2 seconds were not counted. If the head
was in horizontal position for at least 3 sec-
onds, the observation was terminated.

Piglet at sow trough Same criteria as with the creep area; piglets
were recorded if they crossed a line 50 cm
away from the edge of the trough
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ethogram (Table 3) until reaching agreement above 80 % in
the KAPPA-Test (Altman 1991, Viera and Garrett 2005).

2.5 Statistical analysis

Data were analysed using SAS Enterprise Guide 9.4. All data
were normally distributed and computed as mixed linear
models. Multiple comparison of means were conducted
using the Tukey-Kramer test (p<0.05). Body weight was
measured on individual piglets at multiple time points. To
consider the random effect of the individual piglet, body
weight and daily weight gain were analysed using the proce-
dure MIXED. Feed intake was measured at group level at mul-
tiple time points, therefore ‘day’ was analysed as the repeat-
ed measure with ‘number of litter’ specified as subject. Four
suitable covariance structures were tested (Toeplitz, autore-
gressive (1), unstructured, 20 variance components), of which
First order autoregressive structure [type = ar(1)] was chosen
because of the BIC being closest to zero.

Videos of piglets and sows were coded using Interact,
events of less than five seconds were removed from the
dataset. Not aggregated frequencies of observations were
analysed exploratory and represented as diagrams. Because
these data were not normally distributed, tests of signifi-
cance were computed in SAS using aggregated data of indi-
vidual animals (visits animal™ day™). Events of animals that
were not identifiable were removed from the data set. The
following final models were used for the analyses:

Bodyweight of individual piglets:

Yitmnopgr= M+ IH, +SG, + R, +IH, x SG, xd, + R, + LS, +S, +P,
+ eklmnopqr

with

Yiamnopar - BOdy weight (kg piglet”)

u:Intercept

IH, : Fixed effect of initial housing system (k=2)

SG,: Fixed effect of subsequent grouping (1=2)

Rn : Fixed effect of replicate (m=6)

IHx SG,x d, : Interaction H,, SG, and fixed effect of day, (n=1, 8, 15, 22, 25)
R, : Fixed effect of replicate (0=6)

LS, : Fixed effect of litter size (p=5,6 ... 14)

S, :Random effect of sow (q=number of ear tag) within replicate
P,:Random effect of piglet (r=number of ear tag)

Eximnopqr : RANdOM error

Feed intake of piglets (group level):

Yimnop= H + H + SG, + Ry, + IH X SG X Py + LSy + Ly + E4gmnop
with

Yiamnop : Fe€d intake (g day™)

u:Intercept

IH, : Fixed effect of initial housing system (k=2)

SG, : Fixed effect of subsequent grouping (1=2)

Rn : Fixed effect of replicate (m=6)

IH,x SG, x p, : Interaction IH,, SG, and fixed effect of 3-day-period,, (n=8)
LSo : Fixed effect of litter size (p=5,6 ... 14)

Lp : Random effect of litter (q=93)

Eyimnop - Random error

Effect of intervisibility on feed intake:

Yiimnopgr= M + Ry + SK; + WK+ VT + S, + Lactday, + WG, +
Tempr + Eklmnopqr

with

Yiamnopar - Variable studied - feed intake (g piglet” day™) :

u:Intercept

R, : Fixed effect of replicate (k=6)

SK, : Fixed effect of intervisibility (1=1,2)

WK, : Fixed effect of parity group (m=4)

VTB,, : Fixed effect of time (n=8 periods of 3 days each)

So :Random effect of sow (0=19)

Lacdayp : Day of lactation of sow (p=age of piglets)

WG, : Littersize q

Temp, : Temperature r (inside, mean of 4 hours, 11:00-13:00 and 16:00-18:00)
Eximnopar - RANdOM error

Behavioural observations (visits/time spent at feeding
place/sow trough per piglet per replicate; average dura-
tion of visits per piglet):

Yimn= K+ IH 4+ SG, + IH XSG, + R, + P, + €un

with:

Yimn : Variable studied

W :Intercept

IH, : Fixed effect of initial housing system k (k=2)

SG, : Fixed effect of subsequent grouping | (1=2)

IH, x SG;, : Interaction H, x SG,

R, : Fixed effect of replicate (m=6)

P,:Random effect of piglet (n=number of ear tag)

Eamn : RANdOM error

3 Results

1.173 piglets (93 litters) were born during May 2013 and July
2015, of those 917 piglets were weaned. 23 piglets died dur-
ing the creep feeding phase. 89% of the lost piglets died
within the first 14 days after birth. 43 % of all losses were due
to crushing and 13.5 % of piglets starved (Table 4).

TABLE 4
Mean reproductive performance in the different housing
systems (standard deviation in parentheses)

Initial housing

system: Welcon Total

Subsequent

grouping: Yes Yes

Number of litters 24 22 23 24 93

Piglets born alive 12.3 141 1.5 12.5 12.6
(3.3) (3.6) (3.2) (2.6) (3.0)

Stillborn piglets 1.0 1.0 1.0 1.3 1.1
(2.3) (1.2) (1.4) (1.3) (2)

Piglets weaned 9.3 10.0 9.8 10.4 9.9
(1.8) (1.3) (1.9) (1.6) (2)

Piglet losses (%) 21.0 28.0 15.8 15.0 19.8

(15.1) (15.1) (14.2) (22.8) (15)

Weaning weight of piglets (day 37 to day 50) was 11.9 kg
in Welser pens, which is statistically significantly higher than
those of the other systems, which do not differ statistically
(Table 5).

The effect of birthpen was statistically not signifi-
cant (p=0.972), but the effect of subsequent grouping was
(p=0.03). The interaction of initial housing system, subse-
quent grouping and day on feed intake was statistically sig-
nificant (p<0.001): after the move to the group suckling pen
both grouping treatments consumed less than the piglets in
single farrowing systems, and piglets from organic pens ate
less than those from conventional pens (Figure 2).
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TABLE 5

LS-means of body weight (kg pig™) for the four treatments
atday 1, 8, 15, 22, 25 after grouping (pigs were weaned at
day 25 after grouping)

Sirthpen | welser | welcon |
sucding 6 s G s

Day 1 5.4 55 5.1 53
0.1) 0.1 (0.1) (0.1)
Day 8 7.5° 7.0 6.9% 9.8°
0.1) 0.1 (0.1) (0.1)
Day 15 9.3 8.6° 8.6° 8.3°
0.1) (0.1) 0.1 0.2)
Day 22 1.1 10.3° 10.0° 9.9°
0.2) 0.2) 0.2) 0.2)
Day 25 11.9° 11.0° 10.7° 10.6°
0.2) 0.2) 0.2) 0.2)

GS=group suckling, SS=single suckling
standard errors are given in parentheses
row entries with differing superscripts are significantly different (p<0.05)

TABLE 6
LS-means of feed intake (g pig™, as fed) on the eight
three-day-periods after first creep feed presentation

[orpen | weber | wecon |

Day 1-3 7.7 18.4 9.1 20.5
(3.7) (3.6) (3.9) (3.5)
Day 4-6 8.5b 19.9% 13.12 24.0°
(3.6) (3.5) (3.8) (3.4)
Day 7-9 7.1° 18.6* 16.2% 26.1°
(4.2) (4.2) (4.4) (4.1)
Day 10-12 10.5 23.3 18.0 27.2
(4.5) (4.4 (4.6) (4.3)
Day 13-15 20.4 21.7 21.7 34.0
(4.8) (4.8) (5.1) 4.7)
Day 16-18 40.7 21.6 394 34.6
(5.9) (5.9) (6.3) (5.8)
Day 19-21 104.6° 30.1° 57.12 63.9%
(11.9) (12.1) (12.4) (11.8)
Day 22-24 236.4° 43.6° 125.0° 106.2°
(18.1) (18.5) (18.8) (18.1)

GS=group suckling, SS=single suckling
standard errors are given in parentheses
row entries with differing superscripts are significantly different (p<0.05)

Close to weaning, feed intake in the group suckling treat-
ment was higher than in the single suckling treatment and
piglets from organic pens consumed significantly more in
the group suckling pen than those from conventional pens
(Figure 1, Table 6).

Piglets in WelCon pens with intervisibility between the
trough of the sow and the creep feeding place (n=10 lit-
ters) consumed on average 20+37gday™ until weaning,
piglets who could not see the sow (n=14 litters) consumed

30 | g Day1-3 30 | g Day7-9
~
~
~
20 \\\ 20 \\'
N
0o L— 0 L —
ss GS ss GS
60 g Day16-18 300, g Day22-24
40 - 200
30 100 =77~
0 : —— 0 : —
ss GS ss GS
— WB = =WC
FIGURE 2

Interaction of initial housing system (WB=Welser/organic;
WC=WelCon/conventional) and subsequent grouping
(single suckling=SS; group suckling=GS) on feed intake

(g pig”) on four three-day-periods after first creep feed
presentation

7+10gday’. However, the difference was not statistically sig-
nificant (p=0.290).

On average, every piglet visited the creep feeding place 4
times for 1.2 minutes per visit within the four hours observed
every day (between 11:00 and 13:00 and 16:00 and 18:00).

In all systems, piglets were observed longer and more
frequently at the piglet feeding area than at the trough of the
sow. Piglets in WelCon pens frequented the feeding place
(sow and creep feed) significantly more often and the number

TABLE 7

LS-means of visits and time (min.) spent at the feeding
place of piglets (FP) and sow (FS) during an observation
period of 4h per day on days 1 to 25 after first creep feed
presentation

orpen | weer | wocon |
swng e s e s

Visits FP 4.8° 3.0° 4.5° 4.8°
0.4) (0.4) (0.4) 0.3)
Visits FS 8.3 5 B2F 5.4°
(0.3) 0.3) (0.3) (0.3)
min. FP 9.9° 2.5° 9.6 7.2
(1.0 (1.0) (1.0) (0.9
min. FS 0.9* 4.6° 112 8.2
0.2) 0.2) 0.2 0.2)

GS=group suckling, SS=single suckling
standard errors are given in parentheses
row entries with differing superscripts are significantly different (p<0.05)
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FIGURE 3

Total observations at trough of sow and creep feeding place
onday 1, 8, 15 and 22 after first creep feed presentation
and percentages of duration of visits during an observation
period of 4h per day

of visits per piglet and day is significantly higher than in the
other systems (Table 7).

The frequency of visits at the two feeding places varied
between individual piglets, some were observed exclusively
at one of the two.

When the pigs were first introduced to creep feed, 60 %
of all observations at the feeding places were less than 30
seconds long. The total amount of visits decreased until day
15 after the start of the creep feeding period. At day 22, close
to weaning, the share of longer visits increased (Figure 3). In
none of the systems more than 75 % of the piglets in a pen
were observed at the feeding place.

4 Discussion

Piglets visited the creep feeding place four times during the
daily observation periods. Since the data were collected on
only four separate days and within 4 hours on each of those
days, this necessarily is an underestimation of the actual
number of visits per day. Relative to this mean number of
visits, the piglets were observed at the feeding place more
frequently on the first and the last day of the creep feeding
phase.

On the first day though, 60 % of visits were of short dura-
tion (<30 seconds). The share of these short visits decreased,
whereas the share of longer visits (>5 minutes) increased over
time. The production of carbohydrate-degrading enzymes
and proteases in gastrointestinal tract of a piglet increases
with age (Jensen et al.,, 1997; Lindemann et al., 1986). Solid
feed intake of the piglets correspondingly increased around

20

day 35 of live (day 18 after first creep feed presentation), also
visits at the creep feeding site increased in frequency and
duration. It seems that the piglets initially explored the space
to collect information and only later, when demand for food
was growing, used it as a foraging site.

Available space might have affected the use of the creep
feeding area by simply increasing the probability of a piglet
to enter. In WelCon pens (0.66 m? per animal), piglets visited
the creep feed area significantly more often than in Welser
pens (1.24 m> per animal) or group suckling pens (1.38 m” per
animal). Since size of the pen affects the functionality of the
different areas for lying, feeding and activity, piglets in Wel-
Con pens additionally could have expanded the activity into
the area designated for feeding. This hypothesis is support-
ed by the lower duration of visits of the creep feeding place.

The group suckling system housed around 40 to 50 pig-
lets per pen. The increased duration per visit of the feeding
area could have been because of social facilitation of feeding
behaviour, while the lower frequency of visits could be partly
due to the social drive to interact with other pigs, licking and
touching their penmates to get to know them. Social drive
and feeding behaviour are represented by groups of neurons
that can inhibit each other if activated. In mice, optogenetic
stimulation of selected neurons exlusively related to feed-
ing increased specific feeding behaviours, while stimulation
of neurons related to exploratory social behaviour (getting
to know a juvenile individual) resulted in decreased feeding
behaviour (Jennings et al., 2019).

Verdon etal. (2019) report more disrupted nursing behav-
iour in group suckling systems. This might have additionally
increased creep feed intake by decreasing the amount of
milk piglets could consume.

While it is common practice to invest considerable
thought, time and money into the design of a (separate)
creep feeding place, the benefit of these efforts is argua-
ble: piglets were observed at the trough of the sow just as
much as at the creep feeding place. The rewarding character
of foraging and the negative reinforcement of sensory satia-
tion contribute to the motivation of pigs to explore their sur-
roundings and consume different kinds of food. Middelkoop
et al. (2018) showed that creep feed consumption per piglet
increased, if an additional food contributed to dietary diver-
sity. The difference in the sensory qualities of creep-feed
and sow feed therefore could have been another factor that
drove piglets to visit the trough of the sow.

On average piglets consumed more feed in pens with
intervisibility between sow-trough and creep feeding place.
Although the difference was not statistically significant, this
could have been due to a too low sample size (h=24) consid-
ering the relatively high variability in feed intake within the
two groups.

Even though piglets in Welser pens were heaviest at
weaning, they consumed the least amount of creep feed.
They therefore might be more likely to suffer post weaning
weight depression. Sulabo et al. (2010) report that although
being heavier at weaning, non-eaters consumed less feed
in the first three days post weaning (20+2d) when com-
pared to eaters. As it is questionable if these results can be
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extrapolated to later weaning age, it is worthwhile to con-
sider further hypothesis why heavier pigs might mainly con-
sume milk until weaning and consume less feed in the first
days after weaning.

Sommavilla et al. (2015) found that piglets suckling at
anterior teats, which tend to be more productive, were found
to be heavier than their littermates at weaning (on day 28).
After weaning they spent more time lying and less time eat-
ing and vocalising. The authors attribute this to their lower
experience in recognizing, consuming and ingesting solid
food, but also argue that due to their higher reserves, heavier
pigs from anterior teats could have adopted an energy sav-
ing strategy to cope with weaning stress (Sommavilla et al.,
2015).

In general, the percentage of piglets that consume rele-
vant amounts of solid feed before weaning seems limited
and very variable. Pajor et al. (1991) report differences in indi-
vidual feed intake of 13 g to 1911 g from start of creep feed-
ing (day 10-28, @ 12) until weaning at day 28. Middelkoop et
al. (2018) observed around 5% to 19 % so called “non-eat-
ers”, piglets that never visited the feeding place. The number
of non-eaters in our study was similar: at most, we observed
75 % of all animals of one pen visiting the feeding place.

The assessment of measures to promote feed intake
therefore should not focus on the total amount of consumed
feed per pen only, but also on differences in the share of “non
eaters”. After weaning, “non-eaters” might require particu-
lar attention, as they could be prone to developing weaning
diarrhoea. To routinely identify “high”, “low” and “non-eaters”
without utilising labour intensive video analysis or messy
food coloring and rectal swabs, it is necessary to develop
new tools. Smart- and precision (livestock) farming might
offer interesting solutions addressing this problem (Adrion
etal., 2018; Brown-Brand|, 2017; Zhang et al., 2019).

5 Conclusions

Piglets began to consume relevant amounts of creep feed on
the 29th day of life in the single suckling systems and on the
35th day of life in the group suckling pen. Yet piglets in the
group suckling system consumed significantly more creep
feed, probably due to social facilitation of feed intake. In the
single farrowing systems, the piglets were observed at the
trough of the sow as frequently as at the creep feeding place.
Piglets that could see the sow trough at the creep feeding
place consumed considerably more food. Likely due to the low
sample size the difference was statistically not significant, this
result therefore needs further validation.
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Abstract

This research evaluates the use of housefly larvae meal (HLM)
as an alternative protein replacing fishmeal (FM) present in
feeds for bullfrog tadpoles and froglets. The treatments
consisted of the formulation of four feeds for tadpole stage
with 30% of protein and four inclusion percentages of HLM
(T300-0%; T30,5—25%; T3050-50%; T30,5-75%). Like-
wise, for pre-fattening stage (froglet), four feeds with 40%
of protein and the same inclusion percentages of HLM were
managed (T40,—0%; T40,5— 25%; T405y— 50%; T4075 —75%).
Weight gain (WG), survival rate (SR), feed conversion rate
(FCR), protein efficiency rate (PER) and metamorphosis pro-
cess (start and duration) were established as response varia-
bles. Statistical analyses were performed using ANOVA and
Tukey's test. The results suggest that in the tadpole stage
T30,5 contributes more to weight gain (4401.39+36.66%)
and metamorphosis process (started at 35+0.5 and dura-
tion of 1697 hours). On the other hand, T305( did not show
differences with respect to T30, for WG and start of meta-
morphosis. In the pre-fattening stage, treatments T40, and
T40,5 presented outstanding values in WG (154.13+5.91 and
149.80+6.33%, respectively) and SR (88.3+1.2and 87.6 £1.5%,

metamorphosis

« The substitution of housefly larvae meal for fishmeal in bullfrog feed is
feasible in different percentages depending on the cultivation stage.
« Intadpoles substitution by up to 50% does not limit growth and

« Infroglet, inclusion up to 25% does not affect productive performance.

KEYWORDS alternative feed, frog culture, productive performance

respectively). Finally, considering the productive perfor-
mance at the end of both stages, the diets with 0 and 25%
inclusion of HLM did not show differences for the variables
of WG, FCR and PER. The values obtained suggest that HLM
has nutritional characteristics that allow it to replace fishmeal
between 25-50% in the formulation of balanced feeds for
bullfrog culture.

1 Introduction

In the formulation of balanced feeds, the protein part is a
determining factor in the growth of organisms (Mansano et
al., 2013). Within aquaculture feeding, fishmeal is the protein
source par excellence; however, its use has ecological and
monetary disadvantages; being that its production requires
conventional fishing, causing variation in its availability and
cost (FAQ, 2014).

Due to the above, in recent years the potential of some
species of insects as an alternative protein in the formula-
tion of balanced feeds has been studied (Sanchez-Muros et
al., 2013; Henry et al., 2014). As an example of it, the house-
fly stands out for its characteristics: a short life cycle, high
reproduction rate, growth capacity in different substrates,
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and its nutritional composition in the larval stage (Aniebo
and Owen, 2010; Odesanya et al., 2011; Sanchez-Arroyo and
Capinera, 2014). Related studies on the use of housefly larvae
in the formulation of balanced feeds for aquaculture species
show acceptable results after the incorporation of 15 to 45%
(Oguniji et al. 2008; Ogunji et al., 2011; Li et al., 2019).

The bullfrog (Lithobates catesbeianus) is one of the spe-
cies used in frog culture, reporting a production that exceeds
3,000 tons per year worldwide (Pahor-Filho et al., 2019; FAO,
2020). The duration of the production cycle of the bullfrog is
five to seven months and includes seven stages: reproduction,
embryonic development, tadpole, metamorphosis, pre-fat-
tening and fattening (Ferreira et al., 2002). Although feed-
ing is a factor important throughout the production cycle, in
the tadpole stage its relevance increases, being the period of
growth and energy storage prior to metamorphosis. The same
occurs at the beginning stage of pre-fattening since feeding
impacts the time of growth and subsequent sexual develop-
ment (Seixas-Filho et al., 2012; Pinto et al., 2015).

The studies on bullfrog feeding have not addressed the
incorporation of insects to obtain feeds for bullfrog culture,
despite the fact that various insects are part of the natural
diet of this organism (Howe et al., 2014). Therefore, the objec-
tive of this research was to determine the effect of the incor-
poration of housefly larvae meal (HLM) as a source of protein
in balanced feeds for bullfrog tadpoles and froglets repla-
cing fishmeal.

2 Materials and Methods

2.1 Production and processing of housefly
larvae

The production and processing of housefly larvae began
with the capture of adult houseflies. The flies were intro-
duced into an isolated module with temperature (25-30°C),
light (3501x) and humidity (50-60 %) control, thus generating
a favorable microenvironment for reproduction; inside the
module plastic trays filled with wheat bran were placed to
feed the adult house flies and serve as deposit of the eggs,
which were collected daily and incubated for 4 days to ob-
tain the desired larvae, which were separated from the sub-
strate for processing. For it, the selected larvae were cooled
for 24 hours to -10 °C, then they were placed in an electric
dehydrator at 65°C for 24 hours (Pieterse and Pretorius,
2014), then they were milled to obtain a meal (0.2 mm). Fi-
nally the HLM was stored to 5°C until analysis of proximate
composition (Table 1) and mixing in experimental feeds.

2.2 Formulation of experimental feeds

Eight experimental diets were formulated, having two levels
of protein content (40 and 30%) each with different inclu-
sion of HLM (0, 25, 50, 75 %) in replacement of fishmeal. The
substitution of fishmeal by HLM was carried out based on
weight, intending that each food maintain the necessary per-
centage of protein required; in addition soybean meal was
also used as a protein source. Wheat and corn flour was used
as a carbohydrate supply, and fish oil was used together with
soybean lecithin for lipid supply. The formulation and proxi-
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TABLE 1

Values means +£SD of the proximate composition of the
meals used as a source of protein for the formulation of
experimental diets.

Compositiont) | __Fm__| __m | _sm__|

Dry matter 91.5+2.52 90.8+2.92 91.1+2.32
Proteins 52.8+1.12 458+1.6P 46.9+0.9°
Lipids 9.9+0.42 9.240.2b 8.9+0.3b
Nitrogen free extract 13.5+0.5b 16.9+0.42 16.8+0.42
Fiber 7.840.32 9.6+0.42 10.1+0.32
Ash 7.5+0.2¢ 9.3+0.32 8.4+0.4b

Fishmeal (FM), housefly larvae meal (HLM), and soybean meal (SM)

Values with the same superscripts do not show significant differences (P<0.05)
Analytical methods (Official Methods of Analysis of AOAC INTERNATIONAL 2019):
Moisture: 925.23, protein: 925.15, lipids Soxhlet: 920.23, fiber: 991.42, ash: 945.46,

nitrogen free extract: by diffence from the other components

mal composition of the experimental diets are shown in table
2. The calculation of the amino acid profile for 100 grams of
feed, as well as the required value of essential amino acids for
tadpoles and frogs of L. catesbeianus is presented in the table
3. In the case of the feed for the tadpole stage, the ingre-
dients were mixed then pressed into granules of 1.5 mm in
diameter and finally they were grounded to obtain the final
presentation of the feed (0.6 mm meal). The feeds for the tad-
pole stage had a protein level of 30%, reported as the ideal
value in the feeding of tadpoles of L. catesbeianus (Mansano
et al., 2013; Pinto et al., 2015). For the pre-fattening (froglet)
stage feeds, the ingredients were mixed, and then pressed
into 1.5 mm diameter granules. The feeds for the pre-fatten-
ing stage had a protein level of 40 %, a percentage recom-
mended as optimal in the stage (De Castro et al., 2014).

2.3 Biological material and culture system
A total of 600 bullfrog tadpoles were used, all from the same
spawning and fertilised with the semen of a single male. Tad-
poles used were at the beginning of Gosner stage 25 with
28 days of age, mean weight and length and standard devi-
ations were 0.143+0.03 g and 11.26 +£0.41 mm, respectively.
Tadpoles were distributed in 12 fishbowls (75 cm long x 30
cm wide x 30 cm high), with a volume of 50 liters and a densi-
ty of 1 L' tadpole (Bellakhal et al., 2014). After metamorpho-
sis, the froglets were transferred to 12 ponds (120 cm long
x 80 cm wide) equipped with vibrating feeders and water
troughs to evaluate the productive stage of pre-fattening
(froglet) using a density of 40 frogs m™ (Pereira et al., 2014).
The fishbowls used in the tadpole stage were divided
into 4 recirculation systems that had a replacement rate of
480 L h™. Each system consisted of: 3 fishbowls (each one
provided with a thermostat to maintain the water temper-
ature in the range of 22-30°C), a sedimentation tank (with
a capacity of 75 L) and a canister filter equipped with an UV
lamp; likewise, each system had a daily replacement of 5%
of the water volume. In the pre-fattening stage (froglet), the
ponds did not have a recirculation system; however, each
one of them had a change of 50% of the volume of water
every third day.
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TABLE 2
Formulation, proximate composition of the feeds used for bullfrog tadpoles and froglets

40.0 30.0 20.0 10.0 60.0 45.0 30.0 15.0
HLM 0 10.0 20.0 30.0 0 15.0 30.0 45.0
SM 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
Wheat flour 16.0 16.0 16.0 16.0 10.0 10.0 10.0 10.0
Corn flour 16.0 16.0 16.0 16.0 10.0 10.0 10.0 10.0
Fish oil 6.5 6.5 6.5 6.5 25 2.5 2.5 2.5
Lecithin 6.5 6.5 6.5 6.5 25 2.5 2.5 25
Mineral premix@ 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Vitamin premix® 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Proteins 31.0 30.3 29.6 289 40.2 39.1 38.1 370
Lipids 16.2 16.2 16.1 16.0 1.7 11.6 11.5 1.4
Nitrogen free extract 294 29.8 30.1 30.5 23.8 243 24.8 25.5
Fiber 8.9 9.0 9.2 9.4 8.8 9.1 9.4 9.6
Ash 7.2 74 7.6 7.8 76 79 8.2 8.4
Moisture 73 73 74 7.5 79 8.0 8.1 8.2
Gross energy (kJ 100 g7) 1956.4 1943.4 1930.9 1917.9 1886.1 1867.3 1848.0 1828.8
P:E 66.3 65.2 64.1 63.0 89.1 877 86.2 847

Fishmeal (FM), Housefly larvae meal (HLM) and soybean meal (SM)

2Vitamin premix: vitamin A(6.5 g), vitamin D3 (1 g), vitamin C (1 g), vitamin E (300 mg), vitamin K3 (12 mg), vitamin B1 (30 mg), vitamin B2 (24 mg), vitamin B6 (15 mg) vitamin B12
(40 mg), folic acid (10 mg), panthotenic acid (100 mg)

b Mineral premix:iron (150 mag), zinc (140 mg), manganese (75 mg), copper (25 mg), selenium (1 mg)

TABLE 3
Essential amino-acid calculation in experimental feeds, tadpole body and froglet legs

Arg 465 410 2.57 241 2.25 2.09 3.53 3.29 2.21
His 2.09 296 176 18 1.83 1.87 235 24 178 2,51
lle 3.07 274 1.12 1.16 1.2 1.24 1.55 1.61 118 172
Leu 498 338 1.89 1.79 17 16 2.59 244 1.65 214
Lys 525 6.05 3.31 3.07 2.83 2.58 452 415 274 343
Met 1.85 314 33 3.03 275 248 4,69 428 273 347
Phe 2.70 3.96 112 1.08 1.03 0.99 16 1.53 1.02 1.39
Thr 3.39 3.64 171 1.66 16 1.55 2.36 2.28 1.57 212
Trp 0.72 0.81 048 0.53 0.59 0.64 0.62 0.7 0.57 0.87
Val 3.21 343 212 2.04 1.96 1.88 292 279 191 2.55

Amino acids in froglet legs, tadpoles and ingredients were analyzed by reverse phase high performance liquid chromatography (HPLC).
The amino acids in the diets were calculated from the inclusion percentage of each ingredient.

The water in each system was monitored in the variables  period the physicochemical characteristics of the water were
of: dissolved oxygen, pH and temperature using the Hach®  within the values established for the bullfrog culture (Table
HQ40d equipment (these variables were measured everyday  4), excluding the influence of water quality as a limiting factor
of the experiment directly in fish tanks and ponds) and the in the growth of the individuals present for each treatment.
nitrogen compounds were determined by the Hach® brand
DR6000 spectrophotometer through the method 8039 for
nitrates, 8507 for nitrites and 8038 for non-ionized ammonia
(water samples were collected weekly). During experimental
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TABLE 4
Water characteristics physicochemical.
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Values are presented as means +SD of samples collected during the experimental period.

T30, - T40, T30,5 - T40,5 T3050 - T40s, 7305 - T40,5

Temperature (°C) 25.6+2.62 25.2+2.23 26.1+2.34 26.7+1.92
Dissolved oxygen (mg L") 6.54+1.122 6.79+1.262 6.65+1.552 6.76+1.332
pH (range) 6.9+1.14 74+0.72 7.3+092 71l =128
Nitrate (mg L") 2.69+0.332 2.85+0.382 3.05+0.422 2.78+0.36 2
Nitrite (mg L") 0.68+0.142 0.61+0.092 0.64+0.122 0.67+0.07 @
Non-ionized ammonia (mg L") 0.27+0.052 0.25+0.032 0.22+0.07 2 0.31+0.06°

Values with the same superscripts do not present significant differences (P<0.05). Values for culture: temperature (22-32 °C), dissolved oxygen (4-10 mg L"), pH (6 -8.5), nitrate

(<10 mg L"), nitrite (< 2 mg L"), nitrate (<10 mg L") and non-ionized ammonia (<10 mg L")

2.4 Experimental design

The experiment was carried outduring a 112-day periodin the
aquaculture unit at the Universidad Auténoma de Querétaro,
Facultad de Ingenieria Campus Amazcala (100° 26’ W, 20° 73’
N, 1920 m.a.s.L.). Inside the aquaculture unit there was a pho-
toperiod of 12L: 12D, ambient temperature of 18-32 °C and
humidity of 70-80 %. The evaluation in both stages (tadpole
and froglet) was carried out with a randomized block exper-
imental design. Four treatments with three repetitions were
used; where the initial experimental unit in the tadpole stage
was 50 individuals per fishbowl. Tadpoles were feeding three
times a day (08:00, 12:00, and 16:00 hours) at a rate of 2% of
the biomass in each of the schedules (Méndez et al., 2010).
While the froglets were feeding twice a day (8:00 and 18:00
hours) with 3 % of the biomass at each time (De Castro et al.,
2014). In each of the stages, the amount of feed supplied was
adjusted according to the biometries carried out weekly.

2.5 Productive performance

In order to analyze the efficiency of the HLM as a protein
source, the following response variables were established:
survival rate (SR), weight gain (WG), feed conversion rate
(FCR), protein efficiency rate (PER), metamorphosis rate (MR),
and finish of the metamorphosis phase in each treatment.

initial number of animals

SR (%) = x 100 m
final number of animals

WG (%) = final weight - initial weight «100 @
initial weight
grams of feed consumed

FGR = @
grams of increase in weight

PER = grams of increase in weight @
grams of protein ingestion
number of animals metamorphosed

MR (%) = x 100 (5)

total number of animals

2.5 Statistical analysis

Data analysis was performed using minitab18® software. The
data collected for each of the variables were subjected to
one-way ANOVA, expressing the results as mean +standard

deviation (SD). Likewise, the Tukey's test was performed to
determine the significant differences between the means of
the treatments, using a significance level of P<0.05.

3 Results

The results of productive performance in the tadpole
stage presented significant differences (Table 5), the val-
ues of the WG showed that T30,5 had the greatest increase
(4476.22 +50.05%), while T305, (4381.81+43.33%) and T30,
(4401.39+36.66%) did not show differences (P<0.05). The
survival showed significant differences among all diets, T30,
being the best valued (86.01 +1.1%). Regarding FCR and PER,
T30,5 was located with the best results below or above the
other treatments (1.57+0.04 and 2.11+0.02), respectively.
Meanwhile, the treatment that received a higher inclusion
level of HLM (T305) produced the worst values for the vari-
ables established.

In the froglet stage (Table 5), the WG and SR variables did
not show differences between T40,5 (WG=149.80+6.33%
and SR = 87.6+1.5%) and T40, (WG=154.13£591% and
88.3+1.2%). The diet including 50 % of HLM (T405) reduced
its contribution to growth in relation to the control treat-
ment, disagreeing with what was observed in the tadpole
stage. Regarding FCR and PER in the froglet stage, T40, was
located with the outstanding values about the other treat-
ments (1.61£0.04 and 1.55+0.02, respectively).

At the end of the experiment, the total WG of individuals

fed with the treatments that included 25% of HLM (T30,5 -
T40,5) did not show differences in comparison to those indi-
viduals fed with the control diets (T30, - T404). However, the
total SR of the 25% HLM diets was significantly lower than
those of the control diets. Regarding the treatments with 50
and 75% inclusion of HLM, the values WG and SR decreased
as the replacement of FM by HLM increased.
The metamorphosis process showed differences between
the treatments (Table 6). T30,5 was the treatment that had
the first incidence of metamorphosis (day 35). 100% of the
individuals under T30,5 and T305y completed the metamor-
phosis in less time compared to T30 (17, 18 and 23 days, res-
pectively). The duration of the metamorphosis phase (Gosner
stage 42-46) was favored by T30,5 (169 +7 hours) followed by
T305 (181 +4 hours).
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Productive performance that presents the means +SD of weight gain (WG), survival rate (SR), feed conversion rate (FCR)
and protein efficiency rate (PER) for the tadpole stage, pre-fattening stage (froglet), and total values after 112 days of

experimentation

S

WG tadpole (%) 4401.39+36.66 ° 4476.22+50.05 2 4381.81+43.33b 419310+53.33 ¢
SR tadpole (%) 86.0+1.12 80.6+0.8 b 78.3%1.1¢ 72.6 +1.5d
FCR tadpole 1.61+0.02 1.57+0.04 P 1.72+0.03 2 1.76 £0.042
PER tadpole 2.03+0.03P 2.1140.022 1.76+0.04 ¢ 1.73+0.03

Prefattening

WG froglet (%) 1541345912 149.80+6.33 2 117.68+4.94 P 106.65+5.12 €
SR froglet (%) 88.3+1.23 87.6+1.52 73.1+0.8P 70.6+1.2¢

FCR froglet 1.61+0.049 1.78+0.03 € 1.9440.04 P 2.07+0.022
PER froglet 1.55+0.022 1.42+0.03 b 1.29+0.02 ¢ 1.21+0.04d

T30,-T40, T30,5-T40,5 T305,-T405, T30,5-T40,5

WG total (%) 11185.31+41.65 2 11181.81+47.11 @ 9538.46+52.66 b 9042.65+37.33 ¢
SR total (%) 76.0+2.12 70.6+1.6P 58.0+1.2¢€ 51.3+1.5d
FCR total 1.97+0.04 b 2.00+0.05 P 2.13+0.032 2.18+0.042
PER total 1.95+0.03 2 2.01+0.042 1.19+0.04 1.21+0.05 b

Values with the same superscripts do not present significant differences (P<0.05).

TABLE 6

Values means £SD of initiation, duration and progress of metamorphosis (50 and 100%) of the frog tapdoles in each treat-

ment

Treatments

Tadpole stage T309 T3035 T305¢9 T3075

Start of metamorphosis (days) 36+0.52
50% metamorphosis (days) 45+1.0b
100% metamorphosis (days) 59+1.0b
Duration of the metamorphosis phase (hours) 206+8¢

Values with the same superscripts do not present significant differences (P<0.05).

4 Discussion

The results suggest that bullfrog tadpoles and froglets can
be fed with feed containing housefly larvae meal instead of
fishmeal; however, productive performance is affected as the
percentage of substitution increases. The treatments were
formulated to contain equal amounts of macronutrients at
both protein levels (30% for tadpoles and 40% for froglets);
however, the analysis proximate composition showed slight
differences, mainly in the content of protein and gross ener-
gy, which could have contributed to the productive perfor-
mance.

Tadpoles fed with the T305, diet culminated with a
growth rate similar to the control diet, both treatments were
located below the T30,5 diet which had the highest growth
rate. The biomass generated in the tadpole stage has been
related to the duration and energy expenditure in metamor-
phosis. Larger organisms have been reported to metamor-
phose in less time than those of smaller size (Downie et al.,

354+0.52 36+1.02 39+1.5b
41+1.02 42+1,52 50+1.5¢
52+1.52 54+1,52 76+2.0¢
169472 181+4b 210+1°¢

2004; Scott et al., 2007). It has also been mentioned that a
larger size favors the percentage reduction of the ener-
gy expenditure destined for metamorphosis, which allows
a better distribution of metabolic energy between that
required for development and maintenance (Orlofske and
Hopkins, 2009). The above is consistent with the results of
this work, where the organisms that finished the tadpole
stage with the greatest increase in biomass (T30,5) complet-
ed their metamorphosis in less time in relation to the oth-
er treatments. This suggests that the T30,5 diet, in addition
to promoting growth, allows the adequate accumulation of
energy required for the metamorphosis process.

On the other hand, the survival for the HLM diets showed
a decrease as the inclusion percentage increased. The pos-
sible reason could be related to the content of chitin; chitin
is a polysaccharide that is part of the exoskeleton of insects
(Sanchez-Muros et al., 2014) and its presence is reported in a
range of 6.5 t0 9.1% in housefly larvae (Zhang et al., 2011; Kim
et al., 2016). Tadpoles and frogs have the ability to degrade
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chitin, this by having chitinolytic bacteria in their intesti-
nal tract (Warne et al., 2017; Zhang et al., 2020). It has been
reported that chitin may act as a prebiotic, contributing to
the digestion of nutrients (Chen et al., 2014; Najafabad et
al., 2016). However, the chitin content in the 75% HLM treat-
ment could have been higher than that degradable by these
organisms; being able to affect the adsorption of some nutri-
ents (Olsen et al., 2006).

In the froglet feeding, T40,5 showed no differences in
relation to the control treatment in WG and SR, this could
be firstly due to the increase in biomass obtained by T30,5
in the tadpole stage, being that, the weight at the beginning
of pre-fattening (froglet) has been linked to the viability of
growth and survival (Orlofske and Hopkins, 2009). In addi-
tion, the amino acid composition of feeds T40, and T40,5 is
close to the contents reported with higher digestibility in
bullfrog (arginine 5.2%; histidine 1.7%; leucine 4%; Lysine
4.1%; phenylalanine 2%; threonine 2.8% ; valine 3.3%) (Mans-
ano et al,, 2017). During the two stages evaluated (tadpole
and froglet) the feeds with 25% inclusion of HLM were con-
stantin their contribution to growth, without showing differ-
ences to the control diets at the end of the 16 weeks of exper-
imentation. The results obtained in the tadpoles fed with
T30,5and T305y resemble the HLM inclusion values reported
as appropriate in the tadpole stage (Li et al., 2019). This sug-
gests that depending on the stage of the production cycle
in which the bullfrog organisms are found (tadpole, pre-fat-
tening, fattening, etc.) the inclusion percentage of HLM can
be adjusted to a greater or lesser amount. The above is con-
sistent with studies that report the variation in the capaci-
ty for digestion and assimilation of proteins throughout the
growth of the bullfrog (Mansano et al., 2017). Although the
results suggest that the substitution of FM by HLM could vary
in the range of 25 to 50%; feed must be evaluated at all stag-
es of the production cycle to confirm this postulate

5 Conclusions

In this research, replacing parts of fishmeal (FM) by house-
fly larvae meal (HLM) as a source of protein in the feeding of
tadpoles and froglet of bullfrog was proposed. The results
showed the feasibility of replacing 25% FM by HLM without
affecting the variables of productive relevance. However, the
percentage of FM replacement by HLM could be adjusted in
a range of 25 to 50% according to each stage of the frog cul-
ture. The use of HLM and other insect meals requires further
research on their production cycle, particularly in the com-
position of growth substrates, with the aim of enhancing the
nutritional characteristics of insect meals, increasing its inter-
est as a source of protein in animal feed.
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