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2 Daily body weight change (ABW)

3 Change in body energy (ABodyE)
4 Fat-corrected milk (4%) (FCM 4%)
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Table 1- Summary of data for animals used in the experiment

Trait Mean Min Max Median  Standard deviation (SD)
Milk (kg) 38.81 26.47 53.66 38.9 6.22
Body Weight (BW) (kg) 594 471 649.5 597 62.6
Parity 213 1 5 2 1.19
Days in milk (DIM) 94.5 59 132 99 215

2 Multiple linear regression

' Multiple of maintenance based on actual intake
(MM)
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Table 2- Feed ingredients of experimental diet (% DM)

Feed Ingredient % (DM)
Alfalfa hay 20
Corn silage 20
Ground barley 15.76
Ground corn 13.6
Dried beet pulp 6.4
Whole cottonseed 2
Soybean meal 9.6
Canola meal 4.0
Fish meal 2.4
Wheat bran 1.6
Fat supplement 1.6
Urea 0.2
Bicarbonate sodium 0.72
Magnesium oxide 0.22
NaCl 0.2
Calcium carbonate 0.52
Di calcium phosphate (DCP) 0.12
Mineral and Vitamin mix * 0.52
Premix Vit E 2 0.32
Toxin binder 0.08
Availa-4 3 0.06
Mepron M85 * 0.08

Total 100

!Mineral and vitamin premix provided (mg/kg of supplement for mineral and 1U/ kg of supplement for vitamin): Calcium,
190000 mg; Phosphor, 90000 mg; Magnesium, 18000 mg; Manganese, 10000 mg; Iron, 10000 mg; Copper, 2015 mg;
Zinc, 12700 mg; Cobalt, 80 mg; lodine, 180 mg; Selenium, 100 mg; vitamin A, 1000000 1U; vitamin D3, 250000 I1U;
vitamin E, 1000 IU.

2 Vitamin E premix provided (1U/kg of supplement): vitamin E, 5500 1U.

3 Availa-4 is a nutrinatinal feed ingredient for animals that contains a combination of organic zinc, manganese, copper
and cobalt (Zinpro): Zinc, 51500 ppm; Manganese, 28600 ppm; Copper, 18000 ppm; Cobalt, 1800 ppm.

4 Mepron M85 is rumen-protected methionine for dairy cows (Evonik, Germany).
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Table 3- Chemical composition of experimental diet based on CPM Dairy’s report

Chemical composition Amount
Dry matter (DM) (%) 58
Forage : concentrate ratio 40:60
Net energy of lactation (NEL) (Mcal/kg) 1.69
Crude protein (CP) (%) 16.5
Rumen degradable protein (RDP) (%CP) 63
Rumen undegradable protein (RUP) (%CP) 37
Ether extract (EE) (%) 4.9
Neutral detergent fiber (NDF) (%) 31.2
Acid detergent fiber ADF (%) 19
Non-fiber carbohydrates (NFC) (%) 41.5
Starch (%) 26.2
Ash (%) 8.3
Calcium (%) 0.9
Phosphorus (%) 0.52
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Table 4- Model 1 to 4 used for predicting DMI and estimating RFI based on data collected during a 60-days
period

Adjusted R? Mean *

Model (%) sD

RFI model 1: DMI
= —18.41+ 0.5660 x MilkE*™* + 0.10 x MBW™* + 3.46
X ABodyE*™* — 9.51 X ABW** + 0.413 X Parity” + 0.1771
X Week of lactation™*

RFI model 2: DMI

88.51 0+0.86

= —8.43+ 0.3179 X FCM 4%™* 4+ 0.1653 X MBW**™* + 1.749 78.82 0+1.25
X ABW**

RFI model 3: DMI
= —8.03 + 0.4290 x MilkE*™* + 0.1381 x MBW*** + 0.791 80.05 0+1.18
X ABodyE™™* + 0.229 X Parity

RFI model 4:DMI = 4.47 + 0.7097 X MilkE*** 64.41 0+1.68

DMI= Dry matter intake, MilkE= Milk energy output, MBW= Metabolic body weight (BW°™), ABodyE= Change in
body energy, ABW = Daily BW change, Parity= Parity, Week of lactation= Week of lactation, FCM 4%= Fat corrected
milk (4%).

*** Considered significant at P < 0.01, ** Considered significant at P < 0.05, * Considered significant at P < 0.10.

Table 5- Model 1 to 4 used for predicting DMI and estimating RFI based on data collected during a 30-days

period
Model Adjusted R? (%)  Mean + SD
RFI model 1: DMI
= —5.06 + 0.5601 x MilkE** + 0.0392 x MBW
+1.511 x ABodyE™ — 4.14 x ABW* + 0.554 84.62 0+098
X Parity + 0.1528 X Week of lactation*
Adjusted RFI model 1: DMI
= —2.32+ 0.6056 x MILKE*™ + 1.673 X ABodyE™*
— 470 x ABW* + 0.701 x Parity™ + 0.1457 84.69 0+101
X Week of lactation”
RFI model 2: DMI
= —4.23 4 0.3480 X FCM 4%*** + 0.1219 x MBW*** 75.53 0+1.32
+ 0.638 x ABW
RFI model 3: DMI
= 0.90 + 0.457 x MilkE*** + 0.0603 X MBW 78.33 0+1.21
+ 0.352 X ABodyE™ + 0.537 X Parity
RFI model 4: DMI = 4.11 + 0.7031 X MilkE*™* 69.92 0+151

DMI= Dry matter intake, MilkE= Milk energy output, MBW= Metabolic body weight (BW®®), ABodyE= Change in
body energy, ABW = Daily BW change, Parity= Parity, Week of lactation= Week of lactation, FCM 4%= Fat-corrected
milk (4%).

*** Considered significant at P < 0.01, ** Considered significant at P < 0.05, * Considered significant at P < 0.10.
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Table 6- Pearson correlation coefficient between DMI and measured and estimated traits for a 30-days and a 60-

days period
30 days 60 days
Trait DMI P-value (p) ! Trait DMI P-value (p)
Adjusted MBW (kg %) 0.745 0.000 Adjusted MBW (kg %) 0.755 0.000
BW (kg) 0.735 0.000 BW (kg) 0.756 0.000
MBW (kg °7%) 0.736 0.000 MBW (kg °7%) 0.757 0.000
ABW (kg/d) 0.237 0.208 ABW (kg/d) 0.132 0.487
ABodyE (Mcal/d) 0.272 0.146 ABodyE (Mcal/d) 0.146 0.441
Parity 0.635 0.000 Parity 0.643 0.000
Week of lactation -0.065 0.735 Week of lactation -0.058 0.759
MilkE (Mcal/d) 0.842 0.000 MilkE (Mcal/d) 0.810 0.000
FCM 4% (kg/d) 0.812 0.000 FCM 4% (kg/d) 0.772 0.000
Milk fat (%) -0.078 0.681 Milk fat (%) -0.065 0.733
Milk protein (%) 0.250 0.183 Milk protein (%) 0.260 0.166
Milk lactose (%) -0.199 0.293 Milk lactose (%) -0.199 0.292
Milk fat yield (kg/d) 0.784 0.000 Milk fat yield (kg/d) 0.769 0.000
Milk protein yield (kg/d) 0.822 0.000 Milk protein yield (kg/d) 0.816 0.000
DietNE_ (Mcal/kg) -0.450 0.013 DietNE, (Mcal/kg) -0.659 0.000
MMg 0.439 0.015 MMg 0.336 0.070
MM, 0.770 0.000 MM, 0.780 0.000
MilkE/DMI -0.213 0.260 MilkE/DMI -0.304 0.102
FCM 4%/DMI -0.238 0.205 FCM 4%/DMI -0.308 0.097
RFI model 1 0.349 0.059 RFI model 1 0.302 0.100

Adjusted MBW= Metabolic body weight (BW°7®) based on adjusted BW, BW= Body weight, MBW= Metabolic body
weight (BW°) based on BW, ABW= Daily body weight change, ABodyE= Change in body energy, Parity= Parity, Week
of lactation= Week of lactation, MilkE= Milk energy output, FCM 4%-= Fat-corrected milk (4%), Milk fat (%)= Milk fat
percentage, Milk protein (%)= Milk protein percentage, Milk lactose (%)= Milk lactose percentage, Milk fat yield= Milk
fat yield, Milk protein yield= Milk protein yield, DietNE_ = Apparent diet energy density, MMg= Multiple of maintenance
based on requirement, MM,= Multiple of maintenance based on actual intake, MilkE/DMI= Feed conversation efficiency
based on milk energy output, FCM 4%/DMI= Feed conversation efficiency based on FCM 4%, DMI= Dry matter intake,
RFI model 1= Residual feed intake based on model 1.

! P-value associated with the preceding correlation of production and performance traits with dry matter intake (DMI).
Correlations were considered significant at P < 0.05 and trends at P < 0.10.
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Table 7- Pearson correlation coefficient between RFI model 1 and measured and estimated traits for a 30-days
and a 60-days period

30 days 60 days
Trait RFI model 1 P-value (p) ! Trait RFI model 1  P-value (p)
Adjusted MBW (kg %) -0.000 1.000 Adjusted MBW (kg %) 0.000 1.000
BW (kg) -0.050 0.794 BW (kg) -0.070 0.713
MBW (kg °7%) -0.051 0.790 MBW (kg °7®) -0.069 0.715
ABW (kg/d) 0.000 1.000 ABW (kg/d) 0.000 1.000
ABodyE (Mcal/d) -0.000 1.000 ABodyE (Mcal/d) -0.000 1.000
Parity -0.000 1.000 Parity -0.000 1.000
Week of lactation -0.000 1.000 Week of lactation -0.000 1.000
MilkE (Mcal/d) 0.000 1.000 MIlkE (Mcal/d) -0.000 1.000
FCM 4% (kg/d) -0.034 0.859 FCM 4% (kg/d) -0.035 0.854
Milk fat (%) 0.136 0.472 Milk fat (%) 0.329 0.076
Milk protein (%) 0.272 0.146 Milk protein (%) 0.327 0.077
Milk lactose (%) 0.005 0.978 Milk lactose (%) 0.137 0.472
Milk fat yield (kg/d) 0.031 0.871 Milk fat yield (kg/d) 0.098 0.606
Milk protein yield (kg/d) 0.075 0.695 Milk protein yield (kg/d) 0.007 0.969
DietNE_ (Mcal/kg) -0.698 0.000 DietNE. (Mcal/kg) -0.639 0.000
MMg -0.011 0.954 MMg -0.008 0.965
MM, 0.519 0.003 MM, 0.455 0.012
MilkE/DMI -0.647 0.000 MilkE/DMI -0.536 0.002
FCM 4%/DMI -0.657 0.000 FCM 4%/DMI -0.543 0.002
DMI (kg/d) 0.349 0.059 DMI (kg/d) 0.302 0.100

Adjusted MBW= Metabolic body weight (BW?7®) based on adjusted BW, BW= Body weight, MBW= Metabolic body
weight (BW°) based on BW, ABW= Daily body weight change, ABodyE= Change in body energy, Parity= Parity, Week
of lactation= Week of lactation, MilkE= Milk energy output, FCM 4%-= Fat-corrected milk (4%), Milk fat (%)= Milk fat
percentage, Milk protein (%)= Milk protein percentage, Milk lactose (%)= Milk lactose percentage, Milk fat yield= Milk
fat yield, Milk protein yield= Milk protein yield, DietNE_ = Apparent diet energy density, MMg= Multiple of maintenance
based on requirement, MM,= Multiple of maintenance based on actual intake, MilkE/DMI= Feed conversation efficiency
based on milk energy output, FCM 4%/DMI= Feed conversation efficiency based on FCM 4%, DMI= Dry matter intake,
RFI model 1= Residual feed intake based on model 1.

! p-value associated with the preceding correlation of production and performance traits with residual feed intake (RFI
model 1). Correlations were considered significant at P < 0.05 and trends at P < 0.10.
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Matrix Plot of FCM 4%/DMI; RFI Model 1; FAT; PRO
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Figure 1- Pearson correlation of matrix plot for RFI and FCM 4%/DMI with milk protein and fat percentage (60-

days period).

FCM 4%/DMI= Feed efficiency based on Fat-corrected milk (4%), FAT= Milk fat percentage, PRO= Milk protein
percentage, RFI model 1= Residual feed intake based on model 1 for a 60-days period.
r= Correlations are the relationships between traits and residual feed intake (RFI model 1) and feed conversation efficiency

based on FCM 4% (FCM 4%/DMI).

p= P-value associated with the preceding correlation of production traits with residual feed intake (RFI model 1) and feed
conversation efficiency based on FCM 4% (FCM 4%/DMI). Correlations were considered significant at P < 0.05 and

trends at P < 0.10.
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Table 8- Pearson correlation coefficient between feed conversation efficiency (FCE) based on (FCM 4%/DMI)
and measured and estimated traits for a 30-days and a 60-days period

30 days 60 days
Trait FCM 4%/DMI  P-value (p) ! Trait FCM 4%/DMI P-value (p)
Adjusted MBW (kg %) -0.074 0.699 Adjusted MBW (kg %7%) -0.209 0.269
BW (kg) -0.191 0.313 BW (kg) -0.349 0.059
MBW (kg °7%) -0.183 0.333 MBW (kg °7®) -0.343 0.063
ABW (kg/d) -0.060 0.751 ABW (kg/d) -0.093 0.627
ABodyE (Mcal/d) -0.151 0.425 ABodyE (Mcal/d) -0.192 0.310
Parity -0.036 0.848 Parity -0.130 0.493
Week of lactation -0.468 0.009 Week of lactation -0.467 0.009
MilkE (Mcal/d) 0.279 0.135 MilkE (Mcal/d) 0.272 0.146
FCM 4% (kg/d) 0.367 0.046 FCM 4% (kg/d) 0.361 0.050
Milk fat (%) -0.226 0.229 Milk fat (%) -0.335 0.070
Milk protein (%) -0.485 0.007 Milk protein (%) -0.603 0.000
Milk lactose (%) -0.187 0.323 Milk lactose (%) -0.226 0.230
Milk fat yield (kg/d) 0.271 0.147 Milk fat yield (kg/d) 0.237 0.208
Milk protein yield (kg/d) 0.082 0.667 Milk protein yield (kg/d) 0.101 0.597
DietNE, (Mcal/kg) 0.680 0.000 DietNE, (Mcal/kg) 0.815 0.000
MMg 0.273 0.145 MMgr 0.418 0.021
MM, -0.267 0.154 MM, -0.253 0.177
MilkE/DMI 0.928 0.000 MilkE/DMI 0.949 0.000
DMI (kg) -0.238 0.205 DMI (kg) -0.308 0.097
RFI model 1 -0.657 0.000 RFI model 1 -0.543 0.002

Adjusted MBW= Metabolic body weight (BW°7®) based on adjusted BW, BW= Body weight, MBW= Metabolic body
weight (BW®75) based on BW, ABW= Daily body weight change, ABodyE= Change in body energy, Parity= Parity, Week
of lactation= Week of lactation, MilkE= Milk energy output, FCM 4%-= Fat-corrected milk (4%), Milk fat (%)= Milk fat
percentage, Milk protein (%)= Milk protein percentage, Milk lactose (%)= Milk lactose percentage, Milk fat yield= Milk
fat yield, Milk protein yield= Milk protein yield, DietNE, = Apparent diet energy density, MMg= Multiple of maintenance
based on requirement, MM,= Multiple of maintenance based on actual intake, MilkE/DMI= Feed efficiency based on
milk energy output, FCM 4%/DMI= Feed efficiency based on FCM 4%, DMI= Dry matter intake, RFI model 1= Residual
feed intake based on model 1.

! P-value associated with the preceding correlation of production and performance traits with feed conversation efficiency
based on FCM 4% (FCM 4%/DMI). Correlations were considered significant at P < 0.05 and trends at P < 0.10.
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Introduction: To increase the revenue, understanding feed efficiency (FE) in dairy cows and its
improvement is essential. Dry matter intake (DMI) is fundamentally important in nutrition because it
establishes the amount of nutrients available to an animal for health and production. Residual feed
intake (RF1) is calculated as the residual in the linear model to predict feed intake of individual animal
(Connor et al, 2015). RFI is essentially the difference between an individual’s observed feed
consumption and its predicted feed consumption (Bauman et al, 2012). An animal with a negative
RFI consumes less feed than expected for its level of production thus is more efficient. RFI is
independent of production level hence recent attention has been given to using RFI as a tool to assess
the feed efficiency in dairy cattle for purposes of genetic selection. On the other hand, feed
conversion efficiency (FCE) based on 4% fat corrected milk (FCM 4%) is also considered as a factor
for calculating feed efficiency. Therefore, the objective of present experiment was to investigate the
dynamics of RFI and FCM 4%/DMI in Iranian Holstein dairy cows.

Material and methods: Thirty lactating Iranian Holstein cows (10 primiparous and 20 multiparous),
averaging 594 + 62.6 kg of body weight, 38.81 + 6.22 kg of milk/d, and 94.5 + 21.5 day postpartum,
were fed a diet balanced with CPM Dairy V3 ration software. Diet consisted of 40% forage and 60%
concentrate and was fed as total mixed ration (TMR). Cows were housed in individual tie stalls and
milked three times daily (0800, 1600 and 2400 h). Cows were fed once per day a fresh diet after
morning milking ad libitum and orts were removed and weighed daily before the next morning
feeding. Water was available ad libitum. Milk yield was recorded electronically at each milking, and
milk samples were obtained from 3 consecutive milkings per week. Milk samples were analyzed for
fat, true protein, and lactose with infrared spectroscopy. Body weight (BW) for each cow was
recorded 2 consecutive days per month immediately after the morning milking. Daily body weight
change (ABW) was calculated based on body weight for each cow at the beginning and end of each
period (30- and 60-days period). Body condition score (BCS) was determined on a 5-point scale in
0.25 increments by a trained investigator and recorded for each cow at the beginning and end of each
period (30- and 60-days period). Also, milk energy output (MilkE; Mcal/d), metabolic body weight
for a cow (MBW), and energy expended for body tissue gain (ABodyE; Mcal/d) were estimated based
on NRC 2001 equations. Dry matter intake for an individual cow during each 30- and 60-days period
was regressed as a function of major energy sinks through four different models (model 1, model 2,
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model 3, and model 4) using Minitab software (version 19). To define RFI, DMI was modeled as
follows:
RFI model 1: DMI;

= B, + B, MilkE; + B, IMBW; + B; WkBodyE; + B, odABW; + W

+ WParity; + B4 rWeek of lactation; + ¢
RFI model 2: DMI; = B, + B; X FCM 4%; + B, X MBW; + B3 X ABW, + ¢;
RFI model 3: DMI; = B, + B; X MilkE; + B, X MBW; + (3 X ABodyE; + 3, X Parity; + ¢;
RFI model 4: DMI; = By + B; X MilkE; + ¢;

Where DMIi was the observed DMI, MilkE; was the observed milk energy output, MBWi was the
average BW%'>, ABodyE;i was the estimated change in body energy, based on measured BW and BCS,
ABWi was the daily weight body change, Parityi was the parity, Week of lactationi was week of
lactation, and FCM 4%;i was 4% fat-corrected milk for i cow. RFI was defined as the error term
(g;) in the model. Also, we reported Pearson correlation coefficient between DMI, RFI and FCM
4%/DMI with measured and estimated traits for a 30-days and 60-days period.

Results and discussion: The obtained results from RFI in present study indicated that population of
dairy cattle can be classified based on RFI. Adjusted R? for models 1, 2, 3 and 4 were 88.51%,
78.82%, 80.05%, and 64.41%, respectively, in the period of 60-days. The mean £ SD for models 1,
2,3and 4 were 0£0.86,0+1.25,0+1.18, and 0 = 1.68 kg DM per a day, respectively. For model
1 (in 60-days period, full model), milk energy output (MilkE), metabolic body weight for a cow
(MBW), energy expended for body tissue gain (ABodyE), daily body weight change (ABW), and
week of lactation were significant (P<0.05) except for parity which showed a significant trend
(P<0.1). Partial regression coefficients for MilkE, MBW, ABodyE, ABW, parity, and week of
lactation for the model 1 used to predict DMI were 0.566, 0.1, 3.46, -9.51, 4.13, and 0.1771,
respectively. For model 3 (in 60-days period), milk energy output (MilkE), metabolic body weight
for a cow (MBW), and energy expended for body tissue gain (ABodyE) were significant (P<0.05)
except for parity. Partial regression coefficients for MilkE, MBW, ABodyE, and parity in the model
3, were 0.429, 0.1381, 0.791, and 0.229, respectively. Pearson correlation coefficient for RFI between
model 1 with 2, 3 and 4 was 0.817, 0.728, and 0.515, respectively (P<0.01). The same trend was
observed for a 30-days period. Pearson correlation coefficient for DMI between 60-days and 30-days
period was 0.994 and for RFI between 60-days and 30-days period was 0.882. Also, based on Pearson
correlation coefficient for DMI, RFI model 1 and FCM 4%/DMI with other biological parameters,
we observed that there were the reasonable correlations, significant at the P=0.01. Surprisingly, there
was a negative correlation between FCM 4%/DMI and milk protein percentage (P<0.0001). Also,
there was a positive significant correlation between RFI model 1 with milk fat and protein percentage
(P<0.1).

Conclusion: Measuring feed efficiency through RFI in a 30-days period is predictable. Based on the
adjusted model R2, the model 1 and its parameter describe the DMI in accurate way. However, it
seem that scientific exploration necessary for finding other parameters to improve and predication
accuracy of model 2. Therefore, finding the effective models would result in an accurate estimation
of RFI for individual dairy cows, classifying efficient and inefficient dairy cows correctly and
clarifying the reasons for these differences through a holistic approach. Further research is required
to provide an explanation for the significant negative correlation between FCE with milk protein and
positive significant trend between RFI model 1 with milk fat and protein percentage.

Key words: Dairy cows, 4% Fat-corrected milk, Feed conversation efficiency, Holistic approach,
Milk protein percentage, Residual feed intake.



