
Abstract

The aim of this study was the development of a model for evaluating
dairy cow ration efficiency. This model took into account technical,
metabolic, and economic parameters, which were divided into two
main categories: input and output. Feeding (food administered and its
nutritional characteristics) was considered as the input parameter.
The output indicators were directly or indirectly correlated with feed-
ing, and included: quality and quantity of milk, body condition score,
live weight, reproductive parameters, incidence of animal diseases
(laminitis), undigested fraction, fecal consistency, feed efficiency
(FE), and income over feed cost (IOFC). The model was validated
using ten dairy farms located in the northwest of Basilicata. The farms
were divided into two groups (A and B) as a function of the urea level
in bulk milk. In Group A, the urea level was between 25 and 31 mg/100
mL milk, whereas, in Group B, the range was 21-22.5 mg/100 mL milk.
The model showed that the values of reproductive parameters were
worse in Group A than in Group B. However, the Group A showed better
milk qualitative and quantitative characteristics, such as a high aver-
age production per head (28.15 vs 26.93 kg), and a high fat (3.92 vs

3.71%) and protein (3.53 vs 3.37%) content of bulk milk. Moreover, the
highest values of FE (1.45 vs 1.35 kg milk/kg dry matter) and IOFC
(6.07 vs 5.32 €) were found in Group A. The model clearly showed that
the administration of unbalanced rations, based on the physiological
stage of the animals, negatively affected both the qualitative and quan-
titative characteristics of milk, as well as the reproductive performanc-
es. The administration of unbalanced rations for the energy/protein
content caused dysmetabolic syndromes, which led to a reduction of
both FE and IOFC. This, ultimately, caused a fall in the overall farm
profitability. 

Introduction

The concept of correct rationing, applied routinely by food techni-
cians, is based on several indicators to assess its efficiency, in terms
of both production performances and quality of the product. A proper
business strategy depends on the exact knowledge of the production
process in order to verify the effectiveness of management strategies
and of obtained results. In recent years, the search for the food mini-
mum cost has been replaced by the determination of the maximum
feed efficiency (FE) (maximizing the difference between the proceeds
from the milk sales and the cost of feeding). 
FE is a key parameter to assess the milk production of livestock

according the intake of dry matter. This parameter allows comparing
the revenue generated from the milk sale based on the amount of dry
matter (DM) ingested by the animal (Hutjens, 2001). A study per-
formed by the University of Illinois (Hutjens, 2001) showed that nor-
mal values of FE (or dairy efficiency) generally range between 1.3 and
1.5 kg of fat corrected milk (FCM)/kg DM intake (FCM to 3.5% of fat),
while values less than 1.3 kg of FCM/kg DM intake are considered too
low, showing a high dry matter intake, a decrease in milk production
or a change in the normal feed ration. Conversely, values greater than
1.5 kg of FCM/kg DM intake are considered excellent, indicating better
farm efficiency and profitability. Due to the continuous drop in prices
and to the increased cost of raw food, the maximization of FE is the
assumption that every farm should pursue. This is achieved through
careful feed management meant as both the rationing and the quality
of given feed. 
Errors in feeding management of dairy cattle should be quickly iden-

tified and corrected, as they can be detrimental not only on the produc-
tivity of the animals, but also on their health and fertility, with conse-
quent negative effects on the overall farm profitability. The income
over feed cost (IOFC) is an economic parameter closely related with
the FE; it is useful for comparing the milk revenue less food costs of
the bovine ration of each breeding. According to the College of
Agricultural Sciences (Penn State Extension, 2009), food costs repre-
sent up to 70% of the total cost for milk production; the remaining 30%
is represented by other management costs. The main variables that
influence the IOFC are: the cost of feed, the FE, total ingestion of dry
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matter, and the price of milk, with the latter being a crucial component
for the final result. The calculation of IOFC can be considered as simple
yet accurate: it considers only feed costs that represent the greatest
input in the budget, to whom are subtracted the revenues generated
from the sale of milk. This leads to a good compromise for the farmer
in terms of easy calculation and reliability of results. The IOFC does not
replace the farm’s economic budget, but is a valuable tool of deepening,
in real time, on food management (St-Pierre, 2008).
In the present study, a new model for assessing both direct and indi-

rect effects of certain management practices on the overall farm per-
formances and profitability is presented. The underpinning logic of this
model is based on an event cause-effect relationship between the input
and output data, in which explanations, recommendations, and sugges-
tions from literature in the field allow to identify the problems in a
farm, to link them to their underlying causes and consequences, and,
finally, to propose corrective measures. In particular, the application of
this model allows discerning the errors due to feeding management
from those related to sanitary or environmental aspects. To this aim, in
the present study, feeding was considered as the input parameter,
whereas multiple indicators, which were statistically correlated with
some factors of rationing, were considered as output.

Materials and methods

Sample description
The test was conducted by identifying 10 among the 70 farms belong-

ing to the Cooperativa Latte Verdi Fattorie. These farms were represen-
tative of the medium-hilly rearing areas in the North West of
Basilicata, in terms of number of heads, rearing system, and for both
supply and delivery system of the raw materials. The rearing system
adopted by the farms was free stall with rest area in bunks. The main
farm characteristics are listed in Table 1. The large number of lactating
cows ranged from a minimum of 28 to a maximum of 110 mares, all
Italian Friesian breed with an average live weight of 646.60 kg. The
heifer internal replacement was 80%. The average age at first birth was
27.57 months. The average distance from birth, recorded during the
monitoring, was between 170 and 254 days. The administration of the
feed ration was based on the use of the unifeed. 
In each farm, the following input and output parameters were evalu-

ated.

Input parameters

Nutritional and physical assessment of feed
The unifeed sampling was carried out by lane feeding into four dif-

ferent points before animals entering. The physical quality evaluation
was performed by using Penn State forage particle separator

(Heinrichs and Kononoff, 2002) in order to determine the physically
effective neutral detergent fiber (peNDF) really contained in the indi-
vidual rations. Following Grant and Cotanch (2005), peNDF was calcu-
lated multiplying the NDF by the fraction of the feed retained by the
sieve of 1.18 mm (mesh diameter).
The analysis of the unifeed nutritional characteristics, performed by

NIRSYSTEM 5000 (Foss Electric A/S, Hillerød, Denmark), for both indi-
vidual unifeed and for farm, were processed by the software Cpm Dairy
Analyzer ver. 3.0.7a (University of Pennsylvania School of Veterinary
Medicine). This allowed evaluating the ruminal kinetics considering,
among the several parameters reported by the model, those relating to
the balance in nitrogen in the rumen and to carbohydrates [structural:
NDF, peNDF; non-structural: non-fibrous carbohydrates (NFC)]. The
average daily intake of dry matter was calculated using data on daily
consumption supplied by farmers.

Output parameters

Evaluation of milk qualitative characteristics
The evaluation in protein, fat, and lactose content was performed by

Milkoscan FT 6000 (Foss Electric A/S) according to the International
Dairy Federation standard (ISO, 2000), whereas dry matter and ash
content were measured using methods of the Association of Official
Analytical Chemists (AOAC, 1990). In addition, somatic cells was deter-
mined using a Fossomatic 5000 (Foss Electric A/S). The urea content
was performed by instrument EFA 2000 (HAMILTON EUROCHEM; ref-
erence standard ISO 14637:2004/IDF 195:2004) (ISO, 2004). The total
bacterial count was carried out by BactoScan™ FC (Foss Electric A/S). 

Performances criteria evaluation
The average live weight of the lactating cows was calculated by

weighing a representative sample of animals for the heifer and cow
category. Body condition score (BCS) was assessed by following the
Ferguson’s methodology (1994). The lameness incidences (laminitis of
non-traumatic origins) for each farm was calculated by the measure-
ments performed during the diagnosis of farm veterinarian. 
The fecal consistency (FC) was evaluated using a scale from 1FC to

5FC, in according to the methodology of manure evaluation guide (Hall,
2002).
The undigested fraction (UF) was evaluated by sieving stool samples

with a sieve of 18 cm in diameter and 10 cm depth (mesh 1.6 mm). The
sample was collected with disposable cups with a capacity of 250 mL in
according to Dell’Orto and Savoini’s protocol (2005), in which five cat-
egories (from 1UF to 5UF) can be identified on the basis of the casu-
istry reported by manual.
The reproductive efficiency was evaluated considering the following

parameters: days open [DO = Calving-to-conception interval]; average
pregnancy per service (APPS); Calving interval (CI, days), conception
rate (CR, calculating the percentage of cows that conceive after a sin-
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Table 1. Main farm characteristics.

Farms                                                                         1           2           3          4            5              6            7                8              9             10

Number of lactating cows                                                          110            70            56            72              32                 45              28                   64                 85                52
Average effective annual turnover rate %                               33             31            30            31              34                 36            31.5                 35                 32                34
Distance from birth (the time of data collection)               173          254          200          250            220               170           185                 203              219              220
Age of first birth                                                                           24.7           27            26            28              27                 29              28                   29                 28                29
Average live weight of lactating cows (kg)                             630          640          655          645            660               645           658                 640              645              645
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gle service); service rate [SR = APPS / (DO – voluntary waiting period)
/ 21, the percentage of eligible cows bred during a 21-day period that
are at risk to receive a breeding], pregnancy rate (PR = CR × SR,
defined as the number of eligible cows (i.e., non-pregnant cows past
the voluntary waiting period in a herd that conceive every 21 days).

Evaluation of income parameters
The technical and economic efficiency assessment of the feed ration

was performed by calculating FE and IOFC; the IOFC measures the dif-
ference between milk revenues and feed costs (Equation 1):

IOFC (€/cow/day) = Pmilk × (DAMP / 100) – DFC                          (1)

where:
Pmilk is the all-milk price (€/q); 
DAMP is daily average milk production (kg/cow/day); 
DFC is daily feed costs (€/cow/day). 
DFC is the daily feedstuffs cost required to produce the amount of

milk reflected in DAMP.
Milk margin (MM) response reflects the profit if additional kilogram

of milk can be achieved; it is defined as follows (Equation 2):

MM (€/kg) = Pmilk – DFC × 100 / DAMP                                         (2)

where:
Feed cost per kilogram of dry matter is a useful term when comparing
similar regions, breeds, and levels of milk production.
The FE (also referred to as dairy efficiency) can be defined as kilo-

grams of 3.5% FCM (Equation 3) produced per kilogram of DM con-
sumed as reported by Hutjens (2007):

3.5% FCM = (0.4324 × kg of milk) + (16.216 × kg of fat milk)       (3)

Results

Input
Input parameters showed that the average intake of dry matter per

head, recorded in the 10 farms, was 20.68 kg/day (Supplementary File,
Table 2).
The processing of individual food rations with the software CPM

dairy allowed to interpret the kinetic rumen of animals per farm, defin-
ing the following means characteristics. The average content in rumen
degradable protein (RDP) of DM was 11.01%, with a minimum of 9.00%
and a maximum of 14.00% (Supplementary File, Table 2); the average
content in soluble protein (expressed in % of crude protein) was
28.88%. The ruminal nitrogen balance, estimated by the model, showed
an average quantity of free nitrogen in the rumen level, in the form of
NH3 and peptides, equal to 110.00% and 100.70% of total average
requirement, respectively; the average ratio of net protein and metab-
olizable protein was 61.9%. The average intake in lysine and methion-
ine (expressed in % of metabolizable protein) was 5.98% and 2.04%,
respectively; the methionine/lysine ratio was 2.73 (Supplementary File,
Table 2). With regard to structural carbohydrates, the average levels in
NDF (%DM) and peNDF (%DM) of provided diets was 34.77% and
25.15, respectively. The NDF made with fodder was on average equal to
68.90% total NDF. The average level in fermentable NDF (%DM), esti-
mated by the model, was 18.72%, in a range between 15.60% and
22.00%. The content of soluble fibre was 6.29% (%DM). The average
level of NFC (%DM) was 40.47%, with values ranging from a minimum
of 38.70% to a maximum of 43.00%. The starch content and starch fer-

mentable average was 26.78% and 18.48% (%DM), respectively
(Supplementary File, Table 2).
From physical analysis obtained by sieving unifeed, the particles dis-

tribution was recorded in various foods contained in the rations admin-
istered in each single farm. The average values of the sample showed
a particle distribution of 7.81%, 31.81%, 47.00%, and 13.38%, respec-
tively for the plates upper, middle, lower and bottom (Supplementary
File, Table 3).

Output
The average milk production in the 10 farms, referred to the year

2013, was 27.42 kg/cow/day (Supplementary File, Table 4); the content
of fat, protein, and lactose was 3.79, 3.43, and 4.83%, respectively. The
content of urea was 25.06 mg/100 mL of milk [milk urea nitrogen
(MUN) 11.50 mg/100 mL of milk], whereas total bacterial count and the
content in somatic cells were 181,800 and 64,600, respectively. BCS of
lactating subjects was 3.28, whereas the incidence of lameness
(laminitis of non-traumatic origins) was 9.29% (Supplementary File,
Table 5). Regarding the FC (Supplementary File, Table 6), only 36.78%
of faeces were classified as belonging to the optimal category (3FC).
According to the UF analysis (Supplementary File, Table 7), 43.01% of
faeces were in the optimal category (1UF). 
Concerning reproductive data (Supplementary File, Table 8), the

average calving interval was 418.80 days, with an average interval DO
of 136.80 days. The average values regarding the conception rate, the
service rate, the pregnancy rate and APPS were 47.80%, 37.10%, 17.50%
and 1.98, respectively (Supplementary File, Table 8).
The calculation of IOFC and income parameters is shown in

Supplementary File (Table 8). The IOFC average value (€/cow/day) was
5.62 € (Supplementary File, Table 9), with values ranging from a min-
imum of 4.25 € to a maximum of 6.36 €. The average FE was 1.39, with
a minimum of 1.26 and a maximum of 1.54. The mean value of the MM
was 0.20 €/kg of milk and a feed cost of 0.30 € per kilogram of dry mat-
ter (Supplementary File, Table 9).

Discussion

The value related to the milk production found in this study was well
below the national value published by Associazione Nazionale Frisona
Italiana (ANAFI) in 2013 (27.42 kg vs 30.46 kg). By contrast, the con-
tents of fat (3.71% vs 3.80%) and proteins (3.32% vs 3.43%) for proteins
were higher than those reported by ANAFI. The values of somatic cells
and total bacterial count were lower than the maximum amount
allowed by the regulations for raw milk (Reg. EC 853/2004; European
Commission, 2004). The content of urea in milk also fell within the
optimal range reported in the literature (25-28 mg urea/100 mL of milk;
MUN 11.5-12.84 mg/100 mL of milk) (Mariani et al., 1992).
The comparison between the data relative to the measured parame-

ters (milk production quantity, fat and proteins content) and the aver-
age reference standard, adopted for the assessment of individual food
rations, showed some critical issues confirmed by the analysis of field.
For an effective and comprehensive discussion of the problems
encountered in field research, the farm sample was divided into two
homogeneous groups by urea level in milk. The Group A included 4
farms (2-4-5-6), which had a urea content of 25-31 mg/100 mL. The
Group B was represented by 6 farms (1-3-7-8-9-10) characterized by a
urea content of 21-22.5 mg/100 mL.

Group A
The farms belonging to this group had a food imbalance due to a

                   Article
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higher degradable nitrogen level in the rumen than fermentable carbo-
hydrates provided by diet. Ruminal nitrogen balance, estimated by the
model, confirmed and highlighted a level of NH3 (124%) and peptides
(110.5%) higher than the target value (110% of requirements). In fact,
the rations administered to mares had a content in RDP and in fer-
mentable carbohydrates, respectively, upper (13.30% vs 11%) and lower
(15.70% vs 21%) than the target value reported (Supplementary File,
Table 2). The quantity of ammonia that was produced, and the amount
that resulted from conversion to urea, directly reflected both dietary
RDP and the availability of fermentable carbohydrates to support
microbial growth and protein synthesis (Butler, 1998). This could
explain the higher average urea level in bulk milk recorded in Group A
than in Group B (Roseler et al., 1993). The average quantity of urea was
30.10 mg/100 mL of milk (MUN 13.81 mg/100 mL of milk); this value
was higher than the optimal range reported by Mariani et al. (1992).
Moreover, excess rumen available nitrogen requires energy (urea cost)
to convert ammonia to urea and to excrete urea. In addition, rations
with excess rumen available nitrogen not only contribute to environ-
mental pollution, but they also use energy that could be channeled to
productivity (Roseler et al., 1993).
Stool samples fell mainly in the first two score categories of FC (1FC,

2FC), except the farm n. 2, in which feces belonging to the categories
4FC and 5FC were also observed (high consistency for lactating dairy
cows), probably as consequences of both an fiber excess and a low
water intake for a small number of cows in the group. According to the
model FC assessment, the high presence of feces falling in the first two
score classes was directly related to unbalanced rations in terms of pro-
tein or starch (Hall, 2002). The data on the rationing parameters would
lead to exclude the excess in non-structural carbohydrates, and to debit
the detected dysmetabolic syndrome to an excess of degradable nitro-
gen at the rumen level. The hypothesis is confirmed by UF, from which
does not emerge an excessive presence of undigested food in the stool
due to an excess of fermentable carbohydrates (Hall, 2002). The
observed imbalance food could also justify the fertility problems
encountered in farms of Group A. As seen in the Table 3
(Supplementary File), these farms of Group A were also characterized
by the worst reproductive parameters.
The data obtained are confirmed by the literature about the negative

effects on the reproductive sphere of mares caused by high levels of
urea in milk (Butler, 1998). In fact, the Group A compared to B showed
a greater average CI (441.50 vs 403.67 days), DO average (159.50 vs
121.67 days), as well as a higher APPS (2.59 vs 1.57). In addition, the
Group A showed lower average values in terms of conception rate
(39.50% vs 53.33%) and pregnancy (16.25% vs 18.33%) (Supplementary
File, Table 8). The average efficiency rate in the detection of SR in
Group A was higher than both the average for the entire sample
(37.10%) and Group B (41.25% vs 34.33%), confirming what sustained
before (i.e., that the low level of reproductive efficiency of breeding was
not only due to management errors during the detection phase of the
SR, but also to errors in the feeding management).

Group B
In this group, the average level of urea in milk was 21.69 mg/100 mL

milk (MUN 9.95 mg/100 mL milk). The parameters related to the
rationing showed a low content of RDP and levels of starch and starch
fermentable higher than target values provided by the model guide-
lines. The ruminal balance in ammonia and peptides, estimated with
the CPM Dairy Beta, highlighted a deficiency in degradable nitrogen in
the rumen level (Supplementary File, Table 2). Concerning the struc-
tural carbohydrates, the level of average NDF fell within the expected
range. Conversely, the level in peNDF average was lower than the opti-
mum levels reported by Mertens (1997). The uniformity evaluation of

the unifeed (Supplementary File, Table 3), associated with the calcula-
tion of peNDF, showed the lowest physical effect among the rations
given in all farms. This is deduced from the highest average percentage
of unifeed collected by the bottom plate sieve compared to the average
of the whole sample (Bottom) (16.9 vs 13.38%). This is most likely due
to more time chopping and mixing unifeed inside the mixer wagon, as
well as a greater level of concentrates in the ration. The high level of
fermentable carbohydrates (starch fermentable) to rumen level associ-
ated with a low level in real peNDF may predispose the animal to a state
of sub-acute acidosis (Nocek, 1997).
As shown by the parameters concerning the faecal consistency,

Tables 6 and 7 (Supplementary File), in these farms a greater average
percentage of unusual faeces was detected, than the average of the
entire sample, falling in both second category score of the FC (2FC;
29.42% vs 28.31%), and in the second category score of the UF (2UF;
41.77% vs 31.66%). These data confirmed the fermentation imbalance
and the reduced digestibility of the ration, due to a high ruminal pas-
sage rate of food (Hall, 2002). In fact, a low peNDF intake involves an
increase in the speed of food transit in the rumen, because it reduces
the ability of the fibre to trap the elementary smaller particles, result-
ing in an increase of all the constants of passage (Kp), and in a reduc-
tion of the both degradability (Kd) and of the overall ration digestibility
(Grant, 1997). These indirect indicators of rumen pH are also con-
firmed by the percentage of lameness caused by non-traumatic lamini-
tis. In fact, the average percentage of laminitis was 10.95% (9.29%
mean of total sample; 6.80% mean of Group B), with values ranging
from a minimum of 5.40% to a maximum of 15.00% (Supplementary
File, Table 5).
It is well known that the hoof pathologies, such as laminitis, may be

caused by both histamine and bacterial endotoxins, both released in
the rumen or in the intestine as result of dismicrobism conditions,
such as both ruminal and intestinal acidosis states (blind-colon)
(Nocek, 1997).
The dysmetabolic syndrome allowed us to explain the lower fat con-

tent in milk observed in Group B than both the average of the entire
sample (3.71% vs 3.80%), and the average of Group A (3.71% vs 3.92%).
This condition was probably due, as reported in the literature, to the
decrease in rumen pH resulting from an excess of fermentable carbo-
hydrates (AbuGhazaleh et al., 2005).

Parameters income
IOFC was closely related to the index of food conversion, because it

is a function of the direct relationship between the feeding cost and of
the produced milk amount. The IOFC maximization was obtained by
pursuing the best conversion of dry ingested matter in kg of produced
milk. The average cost of the sample was 5.62 € (Table 9,
Supplementary File), which was less [6.24 €/cow/day (minimum of
3.24 €/cow/day; maximum of 11.76 €/cow/day)] than that found by the
Sales and Service Technical farmers in Lombardy region (the Italian
region of reference for the production of cow milk). This difference is
due to both an increase in the cost of food commodities and to a change
(positive or negative) in the sale price of the milk at the barn.
The average cost of feeding recorded in the 10 farms was 0.30

€/kg/DM. This datum is optimal in comparison with the results
obtained from surveys conducted in Lombardy region on 80 farms par-
ticipating to Progetto Economia (Campiotti, 2014).
FE average was 1.39 kg milk/kg DM, with a minimum of 1.26 and a

maximum of 1.54. This value can be also considered as satisfactory,
because it falls within the optimal range 1.3-1.5 reported by the study
of the University of Illinois (Hutiens, 2001). The average FE takes on a
positive value, even in comparison with the reference value 1.38 kg
milk/kg DM calculated in relation to average milk production per head
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(St-Pierre, 2008). The average value of MM was 0.20 €/kg milk, with a
marginal cost of feeding amounted to 0.13 € (0.44 kg DM/L milk × 0.30
€/kg DM). Therefore, any farm improvement that leads to production
greater than 1 L of milk at a cost less than 0.20 € (MM value), can be
considered positive, because it determines an increase of the net farm
income. In detail, the comparison between the two groups showed the
negative correlation between the reduction of the overall digestibility
and the worsening of FE, increasing the feeding cost and reducing
IOFC (Hutjens, 2010). For the same milk price (0.43 €/kg milk), the
comparison of the average income between the two groups confirmed
lower income, meant as IOFC amount average daily per cow milking, in
Group B than in Group A (5.32 vs 6.07). This datum comes from the
lower Feed Efficiency means (1.35 vs 1.45) recorded in Group B than in
Group A. The same pattern was observed for the MM (0.20 €/kg milk vs
0.22 €/kg milk). Furthermore, the higher food cost of Group B than
Group A (0.30 €/kg DM vs. 0.29 €/kg DM) also helps to increase the
difference recorded in IOFC average. This study confirms the direct
correlation between the technical efficiency of the food ration with the
IOFC. Moreover, it also highlights the impact of the errors in the dietary
management on business farm margins.

Correlations - Model validations

In order to validate the model, a correlation analysis, including all
the input and output variables, was performed. The urea content in
milk was significantly correlated with the content of the rations in RDP
(r=0.912; P≤0.001) (Supplementary File, Table 10) in agreement with
what is reported in the literature about the relationship between pro-
tein and urea content (Roseler et al., 1993).
There were significant correlations between the urea content and

parameters related to the nitrogen ruminal level estimated by the
model (Supplementary File, Table 11), and between the urea content of
the milk and reproductive parameters: the CI (r=0.928; P≤0.001), DO
(r=0.928; P≤0.001), the ASSP (r=0.961; P≤0.001) and SR (r=–0.691;
P≤0.05) (Supplementary File, Table 10). This was in agreement with
the negative effects on the reproductive performance due to high levels
of urea highlighted by Butler (1998).
The content in peNDF total (Supplementary File, Table 12) of the

rations was positively correlated with the feed fraction held in the mid-
dle plate of the sieve (r=0.768; P≤0.01), and with the fat content in milk
(r=0.701; P≤0.05). The latter correlation is fully confirmed in literature
by Allen (1997) about positive correlation between the physically effec-
tive fibre content and fat content in milk. The starch content of the
rations was positively correlated with the percentage of faeces falling
in the category 2UF (r=0.823; P≤0.01), and with the percentage of
unifeed left over in the bottom plate of the sieve (r=0.704; P≤0.05)
(Supplementary File, Table 12), since the content of the last plate
(Bottom pan) is closely related to the quantity of concentrates fed in
unifeed. Conversely, the starch content was negatively correlated
(r=–0920; P≤0.001) with the average content of fat in bulk milk. Such
negative correlation had a significance higher than that found between
the content in peNDF, and the fat in the milk; this is in agreement with
AbuGhazaleh (2005) about the negative effect that the excess of non-
structural carbohydrates has on the level of fat in milk. Finally, there
were significant correlations between the average incidence of lame-
ness due to laminitis (Supplementary File, Table 12) and content of
starch (r=0.837; P≤0.01), and peNDF (r=–0.635; P≤0.05). This is in
agreement with Nocek (1997) about the relationship between the level
of non-structural carbohydrates in the dairy cows diet and the inci-
dence of laminitis. 
Concerning the income parameters, correlations observed

(Supplementary File, Table 13) fully confirmed the relationship
between an efficient ration in technical-economic field and IOFC. In
fact, the latter value was positively correlated with: the FE (r=0.895;
P≤0.001), the production of FCM (r=0.912; P≤0.001), and with the class
3FC (r=0.793; P≤0.01). The relationship observed between IOFC and
class 2FC of FC (r=–0.709; P≤0.01) was negative. The results are coher-
ent with a previous study (Campiotti, 2014) on the relationship
between income over feed cost and FE.

Conclusions

Our results revealed that there were nutritional imbalances in both
groups of dairy farms. The imbalance of the carbohydrates level in the
diet of Group B influenced mostly Feed Efficiency, and, hence, the
farm’s profitability. The overall income was also negatively influenced
by the protein imbalance, because it led to a deterioration of the
indices of reproductive efficiency.
The practical approach used for economic and technical evaluation

of the food rationing allowed to identify, to highlight, and to confirm
important criticalities caused by an incorrect feeding management.
This aspect is of great importance in dairy farms, where it is not always
easy to discriminate the underlying causes of a productive result.
This survey work allowed to identify corrective actions, such as to

safeguard the economic efficiency of the dairy cattle management, that
see significant reductions in profit margins due to the rising cost of
raw materials. The IOFC calculation cannot replace the standard eco-
nomic budget, but represents an immediate approach for the control of
the business income as a function of the food cost, predominant item
in variable cost of production.
It is hoped that this analysis method will be applied to a larger num-

ber of farms to validate the existing relationships among the parame-
ters, in order to prepare an overall assessment scheme capable of high-
lighting the critical issues of the production process, and supporting
the farmer in corporate decisions.
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