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PAPER

Analysis of lactating cows in commercial Austrian dairy farms:
interrelationships between different efficiency and production traits, body
condition score and energy balance
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Martin Royerb, Kurt Krimbergerb, Martin Mayerhoferc and Christa Egger-Dannerc
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Research and Education Centre Raumberg-Gumpenstein, Irdning-Donnersbachtal, Austria; cZuchtData EDV-Dienstleistungen GmbH,
Wien, Austria; dLKV Nieder€osterreich, Zwettl, Austria

ABSTRACT
This study examines the relationship between efficiency, energy balance and related traits like
milk yield, feed intake (DMI), body weight and body condition score (BCS). Data was derived in
the project ‘Efficient Cow’ to develop efficiency traits for Austrian cattle breeding (6105 cows,
161 farms, one-year data collection). The following efficiency traits were considered: body
weight efficiency as ratio between energy corrected milk (ECM) to metabolic body weight, feed
efficiency (kg ECM per kg DMI) and energy efficiency expressed as ratio between energy in milk
to energy intake. The higher the proportion of Red Holstein (RH) in Fleckvieh (FV), the more
(efficiently) milk was produced, but also at the expenses of body fat reserves. The negative
energy state of Holstein Friesian (HF) and the FV groups with highest RH proportion lasted
approximately twice as long as of the least efficient Brown Swiss. All genotypes regained lost
body tissue during whole lactation. The high yielding groups required a higher concentrate pro-
portion in late lactation to regain body condition. In early lactation, high efficiency was accom-
panied by the loss of body weight and BCS. Body condition stagnated longer on the lowest
level and was more conform to energy balance than body weight. In conclusion, high efficiency
required an increasing partitioning of nutrients to milk yield inclusive mobilisation. Breeding for
higher efficiency would exacerbate catabolic state including problems with health and fertility.
This highlights the necessity of a broader definition of efficiency in cattle breeding involving
parameters like BCS, health and fertility traits.

HIGHLIGHTS

� In early lactation, high efficiency co-occurs with loss of body weight and body condi-
tion score

� Breeding for higher efficiency exacerbates body tissue mobilisation and negative
energy balance

� A broader definition of efficiency involving parameters like body condition score, health and
fertility traits is necessary in cattle breeding
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Introduction

In Austria, average milk yield per lactation steadily
increased to 7281 kg in 2015. It has thus more than
doubled since 1950 when the lactation yield was
2998 kg (ZAR 2016). The main breed for dairy produc-
tion is Fleckvieh (FV, dual-purpose Simmental) with
73.3% of performance recorded cows, followed by
Brown Swiss (BS) and Holstein Friesian (HF) with 12.0
and 11.7% (ZAR 2016). Over the last few decades,

dairy production has become more specialised and
intensive along with high genetic gain and higher
concentrate proportions in diets (Knaus 2016;
ZuchtData 2016). Due to the high economic impact of
feed costs (de Haas et al. 2014), efficiency and effi-
ciency related traits (e.g. milk production, feed intake,
body condition score, body weight or reproduction
traits) have recently gained in importance in the
dairy industry (e.g. Veerkamp and Emmans 1995;
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Pryce et al. 2001). Veerkamp and Emmans (1995) iden-
tified feed intake capacity, milk yield, the extent of
body tissue mobilisation and energy partitioning
between milk and body as main sources of genetic
variation in energy efficiency. The increase in milk
yield, as it occurred in many countries, would there-
fore automatically lead to higher efficiency, except
cows would become larger and heavier as reported by
Hansen (2000). But, breeding for efficiency may also
prefer light cows with high mobilisation (e.g.
Vallimont et al. 2011). Furthermore, high yielding dairy
cows tend to produce milk more efficiently because
they partition more energy to milk performance
instead of their body reserves (Veerkamp and Emmans
1995; Yan et al. 2006). Energy partitioning via somato-
tropic axis for maintaining the homeorhetic state of
milk production was reported by Bauman and Currie
(1980) and proved by Lucy et al. (2009). The higher
the milk production potential, the longer the counter-
regulation of the catabolic growth hormone was inter-
rupted. Despite increasing energy density in diet, milk
performance and catabolic processes were supported
during early lactation instead of regaining body tissue.
Priority of milk production originally guaranteed the
survival of offspring. Extending this priority resulted in
an increased energy deficit and therefore tissue mobil-
isation especially in early lactation (Martens 2013). The
extent, to which negative energy balance cannot be
reduced by feeding a higher energy diet, is defined as
genetically driven (Friggens et al. 2007). Negative
energy balance and depletion of body stores had
been associated with problems in health and fertility
(e.g. Spicer et al. 1990; Lucy 2001; Pryce et al. 2001).
Non-esterified fatty acids, pro-inflammatory cytokines
and reactive oxygen species added to the negative
energy balance in the peripartal period may lead to
stress in the endoplasmic reticulum in the liver (ER
stress). This is considered to predispose high yielding
dairy cows to develop diseases like ketosis and fatty
liver. Furthermore, cows seemed to show differing
capabilities to cope with negative energy balance. The
activation of hepatic stress response pathways to
reduce damages of tissue may be different between
dairy cows. Finally, ER stress can promote insulin
resistance and lead to hepatic inflammatory processes
(Ringseis et al. 2015). A high level of cytokines due to
a subclinical inflammation ante partum reduces feed
intake. This exacerbates the negative energy state in
early lactation and ending up in a downward spiral
(Menn 2015).

The Federal Association of Austrian Cattle Breeders
(ZAR) initiated the project ‘Efficient Cow’ in 2012 for

improving efficiency in Austrian dairy cattle, and for
evaluating how this would affect greenhouse gas
emissions. The aim of this study was to evaluate the
influence of genotype, parity and lactation stage on
different efficiency parameters in dairy production,
energy balance, and related traits. Within genotype,
several groups of FV cows with increasing average
Red Holstein (RH) proportion were compared to moni-
tor the impact of RH genetics within the dual-purpose
breed FV.

Materials and methods

Data recording and calculation

Data were recorded in 2014 from 3634 FV, 1034 HF
and 1437 BS cows kept on 161 dairy farms in Austria.
Free-stall barns and milking twice a day in a milking
parlour system were common. The Austrian milk
recording organisations collected additional traits like
body weight, body condition score (BCS), heart girth,
belly girth and information on diet as well as diet
quality at each routine performance recording day.
Body weight was recorded as single measurement
using mobile scales of the milk recording organisa-
tions. Cows were gathered and entered the scale sep-
arately. Data were stored in the Austrian central cattle
database. The average herd size of participating farms
(32.7 cows) was twice as high as the Austrian average
of 16.5 dairy cows (ZAR 2016). It reflected the wide
range of herd size in Austria (project farms: 3.2 to 79.9
cows). Milk recording was done 9 to 11 times a year
with on average 9.8 performance recordings per farm.
Farms were situated between 300 and 1460 m above
sea level in mountainous, flat and hilly areas. Detailed
information about herds, farms and performance
recording methods is given in Ledinek et al. (2018).

Handling of forage analyses (VDLUFA 1976–2012),
nutrient content of concentrate (DLG 1997), and calcu-
lation of energy content of forage (GfE 2001) was
described in the previous article by Ledinek et al.
(2018). Due to the lack of ability to comprehensively
measure feed intake on-farm, dry matter intake (DMI)
was estimated using the prediction model of Gruber
et al. (2004). This given situation was used for devel-
oping novel strategies for recording information on
diet composition on-farm. Diet composition and feed-
ing systems were additionally considered in the feed
intake prediction model. The used prediction model
was found to be the most accurate and valid one of
five evaluated up-to-date models (Jensen et al. 2015).
The validation set included 12 Scandinavian experi-
ments involving 917 dairy cows and 94 treatments.
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The breeds were Danish/Swedish Red, varying in lacta-
tion stages and parity. The use of feed intake predic-
tion showed a possible approach for gaining
information under insufficient conditions for measur-
ing. Further details about recording diet composition,
feed intake estimation and chemical diet composition
can be found in Ledinek et al. (2016), and Ledinek
et al. (2018). Energy-corrected milk yield (ECM) and
energy requirement were calculated using the guide-
lines of GfE (2001). Daily energy requirements included
requirements for maintenance, milk production and
pregnancy. Daily energy balance was calculated by
subtracting energy requirements from energy intake,
expressed in MJ of net energy for lactation (NEL) per
day (GfE 2001). Edmonson et al. (1989) defined the
applied 5-point system for BCS recording.

The calculation of efficiency parameters was based
on the description by Berry and Pryce (2014). As feed
intake had to be estimated, residual feed intake could
not be considered. In this study, efficiency was defined
as ratio between output and input and named after
the input parameter. Therefore kg ECM per kg meta-
bolic body weight (BW0.75) was defined as body
weight efficiency, kg ECM per kg DMI as feed effi-
ciency and energy in milk (LE) per energy intake, both
expressed in MJ of NEL, as energy efficiency. Energy
efficiency additionally considers diet quality and,
therefore, concentrates proportion. A holistic compari-
son of dual-purpose and specialised dairy types
requires additional information about fattening poten-
tial etc., but this would extend the scope of the cur-
rent study.

Statistical analysis

The dataset was based on 38,070 performance record-
ings of 6105 cows on 161 farms. As described in detail
in Ledinek et al. (2018), the groups FV, HF and BS
included only cows with 100% ancestry of the respect-
ive breed. Further, genotypes of FV� RH were defined
according to the RH gene proportion. Classes with an
average of 6.25% RH genes (FV� RH6.25, 963 cows),
12.5% RH genes (FV� RH12.5, 342 cows), 25% RH
genes (FV� RH25, 404 cows), and 68% RH genes
(FV� RH5075, 349 cows, combination of the groups
FV� RH50 and FV� RH75) were established. This spec-
trum of FV� RH groups between the two pure geno-
types FV (1576 cows) and HF allowed illustrating the
influence of the dairy breed RH on the dual-purpose
breed FV. It characterises the specialisation on dairy
performance (potential for milk production). Lactation

stage included finally twelve 28-day stages (lactation
months) and days in milk (DIM) from 1 to 336.

The final model included genotype, parity (1, 2,
3þ 4, �5), lactation stage and their interactions as
fixed effects. The effect of diet was considered via the
fixed effect forage type (1–18) and the management
via the fixed effect of farm (1–161). The effect of cow
(1–6105) was assumed to be random and nested
within genotype and farm. Parameters were analysed
using PROC MIXED of SAS 9.4 (SAS 2015), the method
REML and the method of Kenward-Roger for the
approximation of the denominator degrees of free-
dom. The chosen default covariance structure VC had
the smallest Akaike information criterion. The multiple
comparisons were applied using the specification
ADJUST¼ TUKEY with p< .05 for significant differen-
ces. The effect of forage type on efficiency and its
related traits was included only as correction factor
but is not topic of this study. Therefore, it is not dis-
cussed further.

Results and discussion

Effect of genotype and genotype� lactation stage

Table 1 contains efficiency traits, energy balance and
related traits like predicted feed intake, predicted
energy intake, milk production, body weight and BCS.
Genotype differed in all traits (p< .001). As feed intake
is estimated, energy balance, energy and feed effi-
ciency are partly based on predicted values. Results of
predicted and measured traits correspond to each
other and are consistent with findings in literature. As
in Ledinek et al. (2018) discussed in detail, average
body weight and especially BCS declined with special-
isation on milk production from FV to HF with increas-
ing RH genes. Production traits like ECM, milk yield,
predicted DMI and energy intake increased. The FV
groups, especially up to an average of 12.5% RH
genes, were biologically similar. BS was located in the
range of FV to FV� RH25 except they were slightly
lighter than HF and had a BCS approximately midway
between FV and HF. Crude protein, neutral detergent
fibre (NDF) and energy density were 155 g, 389 g and
6.53MJ NEL per kg dry matter (DM) of total diet.
Dietary nutrient level and concentrate proportion
increased with higher potential for milk production
according to the findings of e.g. Dillon et al. (2003). As
forage type was kept constantly forage had approxi-
mately 132 g crude protein, 446 g NDF and 6.00MJ
NEL per kg DM (Ledinek et al. 2018).

The milk protein content of BS corresponded to the
breeding on high protein content in Austrian BS. The
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decrease of milk protein content from the FV up to an
average 25% RH genes to HF was hardly surprising
(ZAR 2016). For milk fat, no special trend related to RH
gene proportion was found, but the two groups HF
and BS had the lowest fat content. In earlier studies,
HF cows had lower milk solid contents compared to
breeds with lower potential for milk production (Dillon
et al. 2003) and lower fat and protein contents than
New Zealand HF (Roche et al. 2006; Piccand et al.
2013). The effect occurs within a breed between cows
of lower and higher genetic merit for dairy traits, too
(Kennedy et al. 2003). It is based on the higher ratio
of growth hormone to insulin and the higher level of
growth hormone in blood of high yielding cows dur-
ing lactation (Hart et al. 1978; 1979).

All efficiency parameters (Figure 1) showed an
increasing trend from FV to HF with rising RH genes.
Although body weight did not decline until 25% RH
genes in Fleckvieh, body weight efficiency increased
due to rising ECM. The group BS was located approxi-
mately in the midway of FV and the most efficient
groups HF and FV� RH5075. Body weight was lower
than of HF, but milk performance was similar to FV.
We found that body weight efficiency nearly mirrored
BCS. The lower the average BCS, the more efficient
the genotypes were. In contrast to this, feed and
energy efficiency of BS were similar to FV, because of
comparable milk production and feed intake. High
yielding cows or breeds do not only have a higher
performance and feed intake. They partition more
nutrients to milk production than to body reserves
(Yan et al. 2006). Feed efficiency ranged between
1.319 kg ECM/kg DMI for BS and 1.381 and 1.383 kg
ECM/kg DMI for HF and FV� RH5075, respectively.
Thus, HF of the current study was more efficient than
HF in commercial Danish dairy herds, but did not
reach feed efficiency of the smaller Danish Jerseys
(Kristensen et al. 2015). In contrast to this, the Danish
HF cows produced more ECM per body weight than
all genotypes of the current examination due to their
lower body weight (HF: Danish HF 602 vs. Austrian HF
662 kg). In a Swiss breed comparison, New Zealand HF
and Swiss HF were most efficient (Piccand et al. 2013).
In contrast to the current study, Swiss BS had the
same body weight efficiency as Swiss FV. However,
Swiss FV is more comparable with FV� RH5075 due to
a similar RH proportion. Overall, the cows in the Swiss
study produced milk less efficiently than in our and
the above mentioned Danish results due to their
lower milk production. This shows the difference
between high-input and a pasture-based low input
system. Pasture-based low input systems aim at high

productivity per ha pasture and not per cow (Dillon
et al. 1995). Milk performance, the dietary nutrient
level as well as the rare use of pure forage diets and
pasture confirmed that the project farms belonged to
the current upper end of the structural change of
Alpine dairy farming (Ledinek et al. 2018). In the last
50 years larger, indoor-feeding, non-seasonal and
more specialised dairy production more and more
replaced the forage-based and small-scaled one
(Knaus 2016). Furthermore, an increasing amount of
concentrate reduces the efficiency of converting
human-inedible feedstuffs into human-edible products.
The area of grassland utilised per ton of milk is posi-
tively correlated with efficiency of human-edible feed
conversion (Ertl et al. 2015).

Average energy balance ranged between –1.57
(FV� RH12.5) and 3.78MJ NEL/d (BS). Along with fully
recovering from the BCS loss after calving, this result
indicates that the Austrian project farms paid atten-
tion to feeding diets according to energy require-
ments. Coffey et al. (2004) and Yan et al. (2006)
demonstrated that high yielding cows required
energy-dense diets to regain fat stores. The high yield-
ing groups HF and FV� RH5075 seemed to regain
their loss of body reserves (BCS; Figure 1) mainly in
late lactation. However, they then had more energy-
dense diets due to a higher concentrate proportion
but relatively low milk production compared to the
other groups. The group HF lost BCS the most. It stag-
nated longest at its lowest level until DIM 154. The FV
groups mobilised less body tissue and regenerated
earlier (Ledinek et al. 2018). The group BS, having the
lowest feed and energy efficiency, reached positive
energy balance on DIM 62. The low feed and energy
efficiency of BS was due to a relatively high energy
density compared to the milk performance. FV fol-
lowed on DIM 100. Energy balance of FV� RH25, HF
and FV� RH5075 became positive later (between DIM
110 and 120). The strong exploitation of body reserves
with increasing milk production or specialisation on
dairy traits was confirmed earlier by several other
studies (e.g. Coffey et al. 2004; Yan et al. 2006;
Friggens et al. 2007).

Effect of parity and genotype�parity

Parity affected all traits significantly (p< .001; Table 1).
The interaction between parity and genotype was sig-
nificant for most traits (data not shown). However, the
order of genotypes within parity mostly remains the
same. In cases when it did not, differences were
numerically small and not significant. As described by
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Ledinek et al. (2018), most traits increased in a degres-
sive way until parity 3þ 4 determined due to growth
and maturing of the cows with progressing age. In
parity �5 traits were slightly lower than in parity 3þ 4
except for increasing body weight.

Due to our findings that higher milk performance
and efficiency were based on a higher degree of

mobilisation, we assumed to find similar patterns in all
parities. In fact, BCS and energy balance mirrored per-
formance and efficiency parameters over parities. The
decreasing efficiency of the older cows in parity �5
can be explained by the declining performance. In
parity 1 cows partitioned nutrients additionally into
growth and maturation as increasing body weight
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showed. In parity �5 nutrients were additionally parti-
tioned into body fat tissue, partly visualised by a
higher BCS within genotypes. Rising BCS was mainly
found in the FV groups. The breeds HF and BS con-
stantly lost BCS from parity 1 to �5 (data not shown).
This observation was confirmed by the conclusions of
Coffey et al. (2004): primarily breeding for high milk
performance had forced cows to exploit their energy
reserves to a higher extent in early lactation than they
could regain in their remaining productive life.

In contrast to the other fixed effects, parity revealed
a difference in development between body weight
efficiency vs. feed and energy efficiency. Body weight
efficiency followed the degressive development of
ECM, body weight and feed intake (Ledinek et al.
2018). Only FV� RH6.25 and HF were most efficient in
parity 2. The group FV� RH6.25 failed to exhibit the
typical peak of ECM in parity 3þ 4 and had a constant
ECM from parity 2 to �5. Daily ECM of HF-increased
strongly between parity 1 and 2 relatively to body
weight. Feed and energy efficiency showed that cows
of parity 2 and �5 were more similar to cows of parity
1. Cows of parity 3þ 4 had a higher performance than
those of parity 2, although predicted DMI per body
weight was slightly lower. Their additional energy
requirements were only partially met by increasing
DMI. In HF cows the strong increase of ECM caused a
degressive increase of efficiency up to parity 3þ 4.
Their energy balance developed in the opposite direc-
tion and BCS declined even up to parity �5. Contrary
to this, efficiency, as well as BCS of FV� RH6.25, were
nearly constant due to the before mentioned low ECM
in parity 3þ 4. Although milk yield is known as
important driver of DMI ( Kennedy et al. 2003, Gruber
et al. 2004) feed intake capacity did not develop suffi-
ciently during production life. Differing heritabilities of
DMI (0.16 to 0.49) and of milk performance (0.44 to
0.95) reflect the general relationship (Veerkamp and
Koenen 1999).

Effect of lactation stage

Table 2 shows the parameters changing over lactation
(p< .001). Highest estimated nutrient and feed intake
(21.49 kg DM/d; 161.8 g/kg BW0.75) were observed at
DIM 71 together with highest concentrate proportion
(33.1%, 6.64MJ NEL/kg DM) and highest nutrient dens-
ity of total diet. The NDF content of total diet mirrored
the concentrate proportion and ranged between 378
and 406 g/kg DM. Forage intake increased until DIM
321 with 14.99 kg DM/d (Ledinek et al. 2018).
Efficiency parameters declined with progressing

lactation mainly due to decreasing milk production
while body weight increased. Lowest milk protein and
fat content were reached on DIM 43 and 71 during
the negative energy state. The lactose content devel-
oped similar to milk yield. Highest efficiency coincided
with highest milk yield and lower feed and energy
intake in early lactation. This observed low feed intake
during early lactation (Ingvartsen and Andersen 2000)
led to a negative energy balance approximately until
DIM 110. The cows produced milk partly independ-
ently from nutrient supply by depleting their body
reserves. This was described as ‘genetically driven
body energy change’ (Friggens et al. 2007). It ensures
the nourishment of calves independent from the situ-
ation of the dam (Bauman and Currie 1980; Martens
2013). Bauman and Currie (1980) divided the lactation
into thirds: in the first part, energy balance was nega-
tive due to priority of milk production. The second
part showed a balanced situation. The surplus of
energy in the third part was used for regaining body
reserves and requirements for pregnancy. Yan et al.
(2006) quantified the increasing efficiency of partition-
ing energy intake to body tissue with progressing lac-
tation. This results in an increase of BCS together with
energy retention. Martens (2013) pointed out that
extent and duration of negative energy balance in
dairy cows became larger in the last decades by
breeding for higher (initial) milk yield. In contrast to
this, beef cows did not undergo any body weight
change (Hart et al. 1975). The long negative state
agreed with our findings that cows had an above-
average production level compared to the Austrian
average (ZAR 2016). The high dietary nutrient level did
not prevent loss of body reserves. However, feeding a
more energy-dense diet to specialised dairy breeds
resulted in a higher proportion of additional energy
intake, which was partitioned to milk production
instead to body tissue (Yan et al. 2006). Furthermore,
high milk performance and negative energy balance
or its visible signs like loss of BCS or body weight are
connected with decreasing fertility and health (e.g.
Lucy 2001; Pryce et al. 2001; Martens 2013). Newer
studies discussed the occurrence of an inflammatory
state of liver and stress of endoplasmic reticulum dur-
ing the periparturient period. It is seen as another
point within the interrelationships of milk perform-
ance, BCS, homeorethic regulation, lipid metabolism
and inflammatory diseases (e.g. Bertoni et al. 2008;
Bradford et al. 2015; Gessner et al. 2015). The negative
energy balance plays a key role herein (Martens 2013).
The high efficiency of the cows in the current study,
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especially in the first third of lactation, was mainly
based on depletion of body fat stores.

Besides the effects of energy balance on milk per-
formance, health and fertility, the relationship to body
weight and BCS in different stages of lactation were
examined (Dillon et al. 2003; Berry et al. 2006). In the
current study, BCS reached its nadir on DIM 71 and
stagnated until DIM 155. Body weight started to
increase earlier at DIM 43 and continuously rose after-
wards. This agreed with results of Andrew et al.
(1994), who reported lowest body energy content on
DIM 77 in HF cows. Similar disagreements between
the development of BCS and body weight were
observed by e.g. Dillon et al. (2003). The development
of both BCS and body weight varied with feeding
level (Berry et al. 2006; Yan et al. 2006). In accordance
with earlier studies (Andrew et al. 1994; Ledinek and
Gruber 2015), body weight may have been influenced
by feed intake and water repletion during fat
mobilisation.

Conclusions

Among all discussed effects one observation was at
common: High efficiency required nutrient partitioning
inclusive mobilisation towards milk performance. The
higher the potential for milk production, the more effi-
ciently milk was produced, albeit at the expenses of
body reserves. High milk performance and therefore
high efficiency in the first third of lactation were
mainly based on the depletion of body fat stores. It
pictured the well-known incidence of a negative
energy balance. Therefore breeding for higher effi-
ciency would lead to a longer and more intense nega-
tive energy balance including problems with health
and fertility. Hence, when designing an efficiency
index for cattle breeding, several further traits such as
body condition, health, fertility, or fattening potential
need to be considered.

The production level of the project farms was not-
ably above the Austrian average, which resulted in
energy-dense diets. High milk yield driving efficiency
was accompanied by energy-dense diets. Further
research is needed to clarify how efficiency on an ani-
mal level, if it is driven by milk yield and based on
energy-dense diets, interacts with a sustainable dairy
production and the use of human-edible feedstuffs.
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