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Introduction

Prediction of feed dry matter intake (DMI) by lactating dairy cows is an essential component of diet
formulation. The Rumen8 dairy cow nutrition software uses two prediction methods: firstly NRC
(2001) and as an alternative Mertens (1987). Both methods were developed using typical US dairy
cows and diets. Mertens (1987; 1997; 2009; from now on referred to as ‘NDF intake’) reported that
intake of neutral detergent fibre (NDF) averaged 1.2 = 0.1% of cow live weight (LW). This observation
is now being applied widely around the world to predict feed DMI based on animal LW and dietary
NDF content. In fact, it now appears to be applied to almost any class of ruminant livestock fed any
type of diet regardless of merit. However, more recently, NASEM (2016) has suggested using an NDF
intake of 1.1% of LW for beef cows fed low to medium quality forages. In East Africa most projects
and courses managed by SNV recommend an NDF intake by dairy cows of 1.3% of LW.

For Dairy cows, NRC (2001) use a multifactorial approach to predict DMI, based on cow LW, milk
yield and week of lactation. Feed quality is not taken into account.

The purpose of this study was to evaluate the suitability of using NRC (2001) and Mertens (1987) to
predict DMI of lactating dairy cows in the (sub)tropics fed (sub)tropical forages. In addition, eight
other methods for predicting DMI| were also assessed. To this effect, a meta-analysis of published
research was conducted.

Methods

A meta-analysis was conducted to evaluate various methods to predict ad libitum feed DMI by
lactating dairy cows in the (sub)tropics fed diets containing a wide range of (sub)tropical forages. A
total of 45 studies published in peer-reviewed international papers on feed intake/quality and milk
production of lactating dairy cows in the (sub)tropics, were examined. These covered a wide range
of cows (LW, milk yield, stage of lactation) and diets, from low quality high-fibre diets to low-fibre
high-energy total mixed rations (TMR).

Six papers were excluded because they were deemed not to be sufficiently relevant for diets based
on (sub)tropical forages. Of the remaining 39 papers, a further seven had to be excluded because
there were inadequate data to calculate NDF intake expressed as a % of cow LW when cows were
fed ad libitum. The 32 papers that were included in the final meta-analysis (see Appendix 1)
reported on a total of 37 experiments encompassing 120 dietary treatments, fed to 1071 cows.

Latin-Square experimental designs were used in 14 experiments, while simple or factorial
treatments were applied in a further 22. One study was itself a desktop analysis of Brazilian
experiments, which enabled the inclusion of several studies reported in Portuguese.

Feed DMI was measured directly using penned animals in 20 of the papers, while 11 papers
employed ‘markers’ to estimate intake of grazed forages (n=10) or penned animals (n=1). Markers
used were alkanes (n=6) or others (n=5; chromium (lll) oxide, titanium dioxide or Ytterbium
oxide/cobalt-EDTA).

Descriptive statistics for animals and 120 diets used in the 32 papers are given in Table 1.



Table 1: Descriptive statistics for animals and diets
used in the 32 papers that were part of the meta-analysis.

Parameter n® Mean Std Dev Minimum Maximum Median
Study length (days) 62 71 14 365 35
Cow LW kg 120 433 75 275 558 430
LW change kg/d 120 0.19 0.62 -0.89 2.43 0.20
ECMY® kg 120 11.6 5.8 3.2 27.0 10.6
Milk fat % 94  3.87 0.44 3.00 5.00 3.80
Milk protein % 94 3.15 0.33 2.10 3.80 3.20
Days in milk 120 107 62 10 261 91
Forage % in DMI 120 72% 24% 19% 100% 73%
Dietary NDF content % 120 53% 12% 23% 79% 54%
Dietary ME MJ/kg DM 120 9.3 1.3 5.8 12.3 9.5
Total DMI kg/d 120 12.8 4.1 5.5 23.5 12.9
Total NDF intake kg/d 120 6.51 1.99 2.84 12.45 6.72
Total ME intake MJ/d 120 122 49 39 244 116
DMl as % of LW 120 2.9 0.61 1.51 4.24 3.04
NDF intake as % of LW 120 1.51 0.39 0.66 2.36 1.48

@ Number of dietary treatments where each statistic was measured
b Energy Corrected Milk Yield

Most studies were conducted with cows in early lactation (52%) or mid lactation (36%), while a
small number were conducted with cows in late lactation (8%). Two studies covered full lactations
(5%). Cow LW ranged from 275 to 558 kg (mean 433), while corresponding figures for energy
corrected milk yield (ECMY) were 3.2 to 27.0 kg (mean 11.6).

Total DMI ranged from 5.5 to 23.5 kg (mean 12.8). Forage content of diets ranged from 19 to 100%
(mean 72). Corresponding figures for dietary NDF content were: 23 to 79% (mean 54) and for
metabolisable energy (ME): 5.8 to 12.3 MJ/kg DM (mean 9.5), respectively.

Intake prediction methods used and statistical methods applied
The data presented in the 32 papers were used to evaluate the accuracy of ten prediction methods
for DMl as outlined below.

The ‘NDF intake’ prediction method was applied at the suggested mean NDF intake of 1.2% of cow
LW (Mertens 1987; 1997; 2009). In addition, we also examined higher NDF intakes of 1.35% of LW
(as per Bateki and Dickhoefer 2019) and 1.5% of LW (given that mean and median NDF intakes
reported in Table 1 were ~1.5% of LW).

Also examined were the DMI prediction methods of MAFF (1975), AFRC (1993), Traxler (1997), NRC
(2001), Singh (2013) and NASEM (2016) (Methods A and B) (see Table 2 for an overview; SEE
Appendix 2 for equations).

For the prediction methods of Traxler (1997) and NASEM (2016) (B), dietary concentration of ME was
converted to ‘Net Energy for maintenance (NE-m)’ values using a regression equation derived from
feed composition data presented in NASEM 2016 (Table 18-1; NE-m = 0.8829 x ME MJ/kg - 2.5859;
r2 0.998; n=170). For the prediction methods Singh (2013) and NASEM (2016) B it was assumed that



cows will be pregnant 105 days after calving, to account for ME requirements for pregnancy (and
thus DMI).

Table 2: Feed intake prediction methods applied in the meta-analysis and the predictors used

Feed intake prediction Predictors used
method Cow Milk Week of Concentrate Diet DietME  Milk
LWkg vyieldkg Lactation DM kg/d NDF MJ/kg fat %
% DM
NDF intake 1.20% LW @ v v
NDF intake 1.35% LW v v
NDF intake 1.50% LW v v
MAFF (1975) v v
AFRC (1993) v v v v
Traxler (1997) v v v
NRC (2001) v v v
Singh (2013) v v v v
NASEM (2016) (A)° v v
NASEM (2016) (B)° v v v v

@ as per Mertens (1987)
b NASEM (2016); Table 10.1
¢ NASEM (2016); Equation 10-5

Linear regression relationships were developed for each prediction method between measured and
predicted DMIs. These were then used to calculate predicted DMls at measured DMIs of 9, 12, 15
and 18 kg/d.

Analysis of variance (ANOVA) was applied, using Genstat V11, to compare measured DMI with the
ten sets of predicted DMIs. Least significant differences (P<0.05) were used to identify significant
differences between intake methods.

Results

Feed DMIs ranged from 5.5 to 23.5 kg/cow/day with a mean of 12.8 kg (see Figure 1 and Table 1).
Feed DMI expressed as a percentage % of cow LW varied from 1.51 to 4.24% (mean 2.91), while
NDF intake expressed as a % of cow LW ranged from 0.66 to 2.36 % (mean 1.51; see Figure 1 and
Table 1).

Total DMl was positively related to dietary ME concentration (coefficient of determination r?0.28;
P<0.001), and negatively related to dietary NDF content (r> 0.19; P<0.001) and dietary forage
content (r? 0.12; P<0.001). Dietary ME concentration was negatively related to dietary NDF content
(r>0.62; P<0.001) and dietary forage content (r> 0.60; P<0.001). Dietary forage content and NDF
content were positively related (r> 0.51; P<0.001).

Energy corrected milk yield (ECMY; kg) was positively correlated with total DMI (r? 0.77; P<0.001)
and dietary ME concentration (r? 0.38; P<0.001), whereas it was negatively correlated with dietary
NDF content (r? 0.36; P<0.001).

The regression relationships, including coefficients of determination, between measured DMl and
predicted DMI for each of the ten prediction methods are shown in Figure 2.
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Figure 1: Measured feed DMI in kg/d (top panel), as a % of cow LW (middle panel) and estimated
NDF intake as a % of cow LW (bottom panel) for the 120 observations in 32 papers used for the
meta-analysis. Means are indicated with the grey broken line in each panel.
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Figure 2: Measured feed DMI (on x-axis) vs predicted feed intake (on y- axis) in kg/cow/day for the ten
prediction methods used in the meta-analysis (n=120 for each panel). Light-grey solid line is line of
unity. Black broken line is line of best fit. Regression equations are in top right of each panel.



Differences between the methods to predict DMIs vs measured DMIs were highly significant
(P<0.001; Table 3). Five prediction methods differed significantly from measured DMI; these were
NDF 1.2%, AFRC 1993, Singh 2013, NASEM 2016A and NASEM 2016B. These were all lower, by 0.9
to 2.1 kg (mean 1.4 kg). The other five prediction methods were not significantly different from
measured DMI; these were NDF 1.35%, NDF 1.5%, MAFF 1975, Traxler 1997 and NRC 2001.These
ranged from -0.78 to +0.72 kg (mean -0.06 kg) of measured DMI.

For the five prediction methods that were not significantly different from measured DMI, predicted

DMls at measured DMIs of 9, 12, 15 and 18 kg are shown in Figure 3.

Table 3: Mean measured DMI| compared to predicted mean DMIs for the ten prediction methods
used. Significant differences are indicated with superscripts (P<0.05).

Feed intake prediction method Mean Difference Superscripts®
kg/cow/d kg/cow/d @
Measured DMI 12.77 0 def

Predicted DMI:

NDF intake 1.20% LW @ 10.69 -2.07 a
NDF intake 1.35% LW 12.03 -0.74 bcde
NDF intake 1.50% LW 13.37 0.60 f
MAFF (1975) 11.99 -0.78 bed
AFRC (1993) 11.51 1.26 abc
Traxler (1997) 12.68 -0.09 cdef
NRC (2001) 13.49 0.72 f
Singh (2013) 11.38 1.38 abc
NASEM (2016) A 11.30 1.47 ab
NASEM (2016) B° 11.84 -0.93 bc

2 as per Mertens 1987

b NASEM 2016; Table 10.1

¢ NASEM 2016; Equation 10-5

9 Predicted DMI minus measured DM (kg/day)

¢ superscripts with a same letter are not significantly different (LSD 5% 0.900).
Means that are not significantly different from the mean of measured DMI|
are highlighted with a grey background.
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Figure 3: Predicted DMI at four measured DMIs for the five prediction methods that did not differ
significantly from measured DMI (see text for details). Top panel shows predicted DMI in
kg/cow/day. The black broken line is line of unity. Bottom panel shows predicted DMI as a % of
measured DMI. The black broken line 100%.



Discussion

Mertens (1987; 1997; 2009) reported that NDF intake in US dairy cows averaged 1.2 + 0.1% of LW. In
contrast, this analysis found a much wider range in NDF intakes as a % of LW (mean 1.51% = 0.39),
reflecting the much wide range in NDF content of diets used, ranging from 23 to 79%. Also, on
average cows consumed significantly more DM and NDF than what was predicted by the NDF
intake method of Mertens (1987; 1997; 2009).

Furthermore, of the ten DMI prediction methods assessed, the three NDF intake methods had by far
the poorest coefficient of determination (0.357 for NDF 1.2%, 1.35% and 1.5% of LW) when
regressed against measured DMI. In contrast, coefficients of determination for the ‘non-NDF’ intake
methods ranged from 0.7 to 0.8 and thus explained a much larger proportion of the variation in
measured DMI.

An ANOVA showed that DMI predicted with NDF 1.2% was significantly lower than measured DMI
and as such cannot be recommended for predicting DMI by lactating dairy cows in the (sub)tropics.

In addition to NDF-intake 1.2% of LW, four other intake prediction methods also yielded mean
predicted DMIs that were significantly lower than measured DMI. These were the methods by AFRC
(1993), Singh (2013), NASEM (2016) Method A and Method B. AFRC (1993) was developed for use
for UK dairy cows, whereas Singh (2013) was developed for Indian dairy cows. NASEM (2016) was
developed for beef cows in the US. Their use cannot be recommended for predicting DMI by
lactating dairy cows in the (sub)tropics.

Although average DMI predicted with NDF 1.35% and 1.5% of LW did not differ statistically from the
average of measured DMI, both these prediction methods over-predicted DMI at low measured
intakes (at 9 kg; +6 to +18%) and under-predicted intake at high measured intakes (at 18 kg; -4 to -
14%).

The three intake prediction methods that were not statistically different from measured DMI and
that did not use dietary NDF content as a predictor were: MAFF (1975), Traxler (1997) and NRC
(2001). Of these, MAFF (1975) under-predicted DMI at higher measured DMIls (15 and 18 kg; -13 and
-19%), while NRC (2001) over-predicted DMIs at lower measured DMIs (9 and 12 kg; +21 and +8%).
The method of Traxler (1997) provided predicted DMIs that were closest to measured DMls at all
four intakes that were assessed: +9% at 9 kg, +1% at 12 kg, - 4% at 15 kg and - 7% at 18 kg
measured DMI (Figure 3).

It is noted that the intake prediction methods of NDF 1.5% of LW and NRC (2001) yielded near-
identical predicted DMIs over the range of 9 to 18 kg of measured DMI.

The regression relationship between NDF-predicted DMI and measured DMI was skewed by the
four treatments from the paper Kanjanapruthipong and Thaboot (2006), who used TMR diets with a
low proportion of forages (19-27%), resulting in diets with the lowest NDF contents in this meta-
analysis (23 to 29%; below the commonly recommended minimum for lactating dairy cows). These
four points are clearly visible at the top of the three NDF panels in Figure 2. Removing these four
points from the regression analysis increased the ‘NDF-intake’ coefficients of determination from
0.357 to 0.496. In contrast, it resulted in only minor improvements in coefficients of determination
for the ‘non-NDF’ intake methods (results not shown).

It may be prudent to avoid using the NDF intake method for diets where the mean dietary NDF
contentis below 30%.

An ANOVA of the data minus the four points mentioned above (i.e. n = 116 rather than 120 for each
prediction method) did have an impact on the overall result. Intake predicted with NDF 1.35% of LW



was no longer statistically ‘equal’ (‘not different’) to measured DMI and was therefore no longer
deemed a sufficiently accurate method to predict feed intake. Under this analysis four rather than
five methods to predict DMI were deemed acceptable: MAFF (1975), Traxler (1997), NRC (2001) and
NDF 1.5% of LW. In common with the earlier ANOVA, however, the method of Traxler showed the
highest accuracy and least bias for predicting DMI (results not shown).

Based on this meta-analysis, itis concluded that the method of Traxler (1997) shows the highest
accuracy and least bias for predicting DMI by lactating dairy cows in the (sub)tropics. The methods
of MAFF (1975), NRC (2001) and NDF 1.5% were less accurate and showed more bias. Predictions
with NDF 1.35% were equivocal, depending on the ANOVA employed (see discussion above). Until
such time when the prediction method of Traxler (1997) becomes available in Rumen8, as an
interim measure, setting NDF intake at 1.4% of LW appears to be a reasonable approximation. It
may be prudent to avoid using the NDF intake method altogether for diets where the mean dietary
NDF content is below 30%.

Recommendations

It is recommended that the method of Traxler (1997) is added to the Rumen8 software as the
preferred method for predicting DMI for lactating dairy cows in the (sub)tropics. The prediction
method is straight-forward to calculate, requiring data on cow LW, ECMY and dietary ME
concentration (to be converted to NE-m as described above), and a correction factor of + 1.7 kg
DMl for cows producing over 15 kg ECMY.

Itis also recommended that an explicit warning is displayed in Rumen8 when users select the NDF
intake predictor, stating that this meta-analysis has found NDF 1.2% of LW to be inadequate for
predicting DMI by lactating dairy cows in the (sub)tropics. Until such time when the prediction
method of Traxler (1997) becomes available in Rumen8, as an interim measure, setting NDF intake
at 1.4% of LW appears to be a reasonable approximation.

References
AFRC 1993. Energy and Protein Requirements of Ruminants. An advisory manual prepared by the AFRC
Technical Committee on Responses to Nutrients. CAB International, Wallingford, UK.

Bateki CA and Dickhoefer U 2019. Predicting dry matter intake using conceptual models for cattle kept under
tropical and subtropical conditions. Journal of Animal Science 97: 3727-3740.

Singh SK 2013. Nutrient Requirements of Animals - Cattle and Buffalo. Nutrient Requirements of Animals.
Indian Council of Agricultural Research, New Delhi.

MAFF 1975. Energy allowances and feeding systems for ruminants. Technical Bulletin 33. Ministry of
Agriculture, Fisheries and Food. London.

Mertens DR 1987 Predicting intake and digestibility using mathematical models. Journal of Animal Science
64: 1548-1558.

Mertens DR 1997. Creating a system for meeting the fiber requirements of dairy cows. Journal of Dairy
Science 80: 1463-1481.

Mertens DR 2009. Impact of NDF content and digestibility on dairy cow performance. Proceedings Western
Canada Dairy Seminar. Advances in Dairy Technology 21: 191-201.

NRC 2001 Nutrient requirements of dairy cattle. Seventh Revised Edition. National Research Council, USA.

NASEM 2016 Nutrient requirements of beef cattle. Eight Revised Edition. The National Academy of Sciences,
Engineering and Medicine, USA.



Traxler MJ 1997. Predicting the effect of lignin on the extent of digestion and the evaluation of alternative
intake models for lactating cows consuming high NDF forages. PhD Thesis. Cornell University, Ithaca, NY.



Appendix 1 List of 32 papers used for the meta-analysis

Aguilar-Pérez C, Ku-Vera J, Centurién-Castro F and Garnsworthy PC 2009. Energy balance, milk production and
reproduction in grazing crossbred cows in the tropics with and without cereal supplementation. Livestock
Science 122:227-233.

Aguilar-Perez C, Ku-Vera J and Garnsworthy PC 2008. Effects of bypass fat on energy balance, milk production and
reproduction in grazing crossbred cows in the tropics. Livestock Science 121: 64-71.

Alessio DRM, Velho JP, Tambara AAC, de Oliveira Gomes IP, Knob DA, Haygert-Velho IMP, Busanello M and Neto
AT 2019. Dietary roughage sources affect lactating Holstein x Zebu cows under experimental conditions in
Brazil: a meta-analysis. Tropical Animal Health and Production 52: 185-193.

Aroeira LJM, Lopes FCF, Deresz F, Verneque Rs, Dayrell MS, de Matos LL, Maldonado-Vasquez H and Vittori A 1999.
Pasture availability and dry matter intake of lactating crossbred cows grazing elephant grass (Pennisetum
purpureum, Schum.). Animal Feed Science and Technology 78: 313-324.

Bwire JMN, Wiktorsson H and Shayo CM 2003. Effect of level of Acacia tortilis and Faidherbia albida pods
supplementation on the milk quality of dual-purpose dairy cows fed grass hay-based diets. Livestock
Production Science 87: 229-236.

Castro-Montoya JM, Garcia RA, Ramos RA, Flores JM, Alas EA and Corea EE 2018. Dairy cows fed on tropical
legume forages: effects on milk yield, nutrients use efficiency and profitability. Tropical Animal Health and
Production 50:837-843.

Chaiyabutr N, Chanpongsang S and Suadsong S 2008. Effects of evaporative cooling on the regulation of body
water and milk production in crossbred Holstein cattle in a tropical environment. International Journal of
Biometeorology 52: 575-585.

Congio GFS, Batalha CDA, Chiavegato MB, Berndt A, Oliveira PPA, Frighetto RTS, Maxwell TMR, Gregorini P and Da
Silva SC 2018. Strategic grazing management towards sustainable intensification at tropical pasture-based
dairy systems. Science of the Total Environment 636: 872-880.

Corea EE, Aguilar JM, Alas NP, Alas EA, Flores JM and Broderick GA 2017. Effects of dietary cowpea (Vigna sinensis)
hay and protein level on milk yield, milk composition, N efficiency and profitability of dairy cows. Animal Feed
Science and Technology 226: 48-55.

Danes MAC, Chagas LJ, Pedroso AM and Santos FAP 2013. Effect of protein supplementation on milk production
and metabolism of dairy cows grazing tropical grass. Journal of Dairy Science 96: 407-419.

Fulkerson WJ, Nandra KS, Clark CF and Barchia | 2006. Effect of cereal-based concentrates on productivity of
Holstein—Friesian cows grazing short-rotation ryegrass (Lolium multiflorum) or kikuyu (Pennesitum
clandestinum) pastures. Livestock Science 103: 85-94.

Gebreyowhans S and Zegeye T 2018. Effect of dried Sesbania sesban leaves supplementation on milk yield, feed
intake, and digestibility of Holstein Friesian X Zebu (Arado) crossbred dairy cows. Tropical Animal Health and
Production 51: 949-955.

Gwayumba W, Christensen DA, McKinnon JJ and Yu P 2002. Dry matter intake, digestibility and milk yield by
Friesian cows fed two napier grass varieties. Asian-Australasian Journal or Animal Science 15: 516-521.

Kanjanapruthipong J and Thaboot B 2006. Effects of neutral detergent fiber from rice straw on blood metabolites
and productivity of dairy cows in the tropics. Asian-Australasian Journal or Animal Science 19: 356-362.

Mendieta-Araica B, Sporndly R, Reyes-Sanchez N and Spérndly E 2010. Moringa (Moringa oleifera) leaf meal as a
source of protein in locally produced concentrates for dairy cows fed low protein diets in tropical areas.
Livestock Science 137: 10-17.

Mendieta-Araica B, Sporndly E, Reyes-Sanchez N and Sporndly R 2011. Feeding Moringa oleifera fresh or ensiled to
dairy cows—effects on milk yield and milk flavor. Tropical Animal Health and Production 43: 1039-1047.

Molina DO, Matamoros I, Alimeida Z, Tedeschi L and Pell AN 2003. Evaluation of the dry matter intake predictions
of the Cornell Net Carbohydrate and Protein System with Holstein and dual-purpose lactating cattle in the
tropics. Animal Feed Science and Technology 114: 261-278.



Muinga RW, Thorpe W and Topps JH 1992. Voluntary food intake, live-weight change and lactation performance of
crossbred dairy cows given ad libitum Pennisetum purpureum (napier grass var. Bana) supplemented with
leucaena forage in the lowland semi-humid tropics. Animal Production 55: 331-337.

Muinga RW, Thorpe W and Topps JH 1993. Lactational performance of Jersey cows given Napier fodder
(Pennisetum purpureum) with and without protein concentrates in the semi- humid tropics. Tropical Animal
Health and Production 25: 118-128.

Muinga RW, Topps JH, Rooke JA and Thorpe W 1995. The effect of supplementation with Leucaena leucocephala
and maize bran on voluntary food intake, digestibility, live weight and milk yield of Bos indicus x Bos taurus
dairy cows and rumen fermentation in steers offered Pennisetum purpureum ad libitum in the semi-humid
tropics. Animal Science 60: 13-23.

Mutimura M, Ebong C, Rao IM and Nsahlai IV 2018. Effects of supplementation of Brachiaria brizantha cv. Piat and
Napier grass with Desmodium distortum on feed intake, digesta kinetics and milk production in crossbred
dairy cows. Animal Nutrition 4: 222-227.

Nyambati EM, Sollenberger LE and Kunkle WE 2003. Feed intake and lactation performance of dairy cows offered
napiergrass supplemented with legume hay. Livestock Production Science 83: 179-189.

Paciullo DSC, Pires MFA, Aroeira LIM, Morenz MJF, Mauricio RM, Gomide CAM and Silveira SR 2014. Sward
characteristics and performance of dairy cows in organic grass—legume pastures shaded by tropical trees.
Animal 8: 1264-1271.

Pedraza-Beltran P,. Estrada-Flores JG, Martinez-Campos AR, Estrada-Lépez I, Rayas-Amor AA, Yong-Angel G,
Figueroa-Medina M, Avilés Nova F and Castelan-Ortega OA 2012. On-farm evaluation of the effect of coffee
pulp supplementation on milk yield and dry matter intake of dairy cows grazing tropical grasses in central
Mexico. Tropical Animal Health and Production 44: 329-336.

Ranaweera KKTN, Kumara Mahipala MBP and Weerasinghe WMPB 2019. Influence of rumen bypass fat
supplementation during early lactation in tropical crossbred dairy cattle. Tropical Animal Health and
Production 52. DOI 10.1007/s11250-019-02140-5.

Sanchez NR and Ledin | 2006. Effect of feeding different levels of foliage from Cratylia argentea to creole dairy
cows on intake, digestibility, milk production and milk composition. Tropical Animal Health and Production
38:343-351.

Sanchez NR, Spérndly E and Ledin | 2006. Effect of feeding different levels of foliage of Moringa oleifera to creole
dairy cows on intake, digestibility, milk production and composition. Livestock Science 101: 24-31.

Shem MN, Machibula BP, Sarwatt SV and Fujihara T 2003. Gliricidia sepium as an alternative protein supplement to
cottonseed cake for smallholder dairy cows fed on Napier grass in Tanzania. Agroforestry Systems 58: 65-72.

Trevaskis LM, Fulkerson WJ and Nandra KS 2003. Rice increases productivity compared to other carbohydrate
supplements in dairy cows grazing kikuyu (Pennisetum clandestinum), but not ryegrass (Lolium multiflorum),
pastures. Livestock Production Science 87: 197-206.

Wachirapakorn C, Pilachai K, Wanapat M, Pakdee P and Cherdthong A 2016. Effect of ground corn cobs as a fiber
source in total mixed ration on feed intake, milk yield and milk composition in tropical lactating crossbred
Holstein cows. Animal Nutrition 2: 334-338.

Wanapat M & Kang S, Khejornsart P, Pilajun R and Wanapat S 2013. Performance of tropical dairy cows fed whole
crop rice silage with varying levels of concentrate. Tropical Animal Health and Production 46: 185-189.

Wanapat M, Phesatcha K, Viennasay B, Phesatcha B, Ampapon T and Kang S 2018. Strategic supplementation of
cassava top silage to enhance rumen fermentation and milk production in lactating dairy cows in the tropics.
Tropical Animal Health and Production 50: 1539-1546.



Appendix 2 Equations for the ten prediction methods used in the meta-analysis

NDF 1.2% of LW
Predicted DMI = (Cow LW kg * 1.2%)/Dietary NDF content (%)

NDF 1.35% of LW
Predicted DMI = (Cow LW kg * 1.35%)/Dietary NDF content (%)

NDF 1.5% of LW
Predicted DMI = (Cow LW kg * 1.5%)/Dietary NDF content (%)

MAFF (1975)
Predicted DMI = (Cow LW kg * 0.025) +(0.1 * ECMY kg)

AFRC (1993)

Predicted DMI =0.076 +(0.404 * Concentrate DM kg) + (0.13 * Cow LW kg) —(0.129 * week of lactation) +
4.12logio(week of lactation) + (0.14 * milk yield kg)

Traxler (1997)

Predicted DMI = Cow LW°75x (0.1462NEm - 0.0517(NEm)?- 0.0074) +0.305 * ECMY. A correction factor of +1.7
kg DM is applied to cows producing > 15kg ECMY

NEm is net energy for maintenance in Mcal/kg DM is calculated as follows:
NEm (MCal/kg DM) = (Diet ME (in MJ/kg DM) * 0.8829 -2.5859%) / 4.184
# see main report for details on origin of this regression equation.

NRC (2001)
Predicted DMI =(0.372 * ECMY (kg) + 0.0968 * Cow LW?7%) x (1 - e{-0-192x (week of lactation +3.67)))

e=2.71828

Singh (2013)

Predicted DMI = (MER-maintenance + MER-milk + MER-pregnancy) / diet ME (MJ/kg DM)
MER-maintenance = 0.0917 * Cow LW (kg) + 12.135
MER-milk = milk yield (kg) * (0.6192* milk fat % + 2.5355)
MER-pregnancy = (0.3395 * weeks pregnant) + 0.1412 (assumes cows pregnant 15 weeks after calving)
Note: MER= ME requirements (MJ/d)

NASEM (2016) A
Equations developed from data in Table 10-1 (lactating cows only)

DMI as % of cow LW = dietary ME concentration (MJ/kg DM) * 0.2482 + 0.3647 (where result greater than 2.8, use
2.8 as maximum).



NASEM (2016) B
Predicted DMI:

NEm intake Mcal/d = Cow LW°7> X (0.04997 x NEm? +0.04631) for pregnant cows.
(assumes cows pregnant 15 weeks after calving)

NEm intake Mcal/d = Cow LW®7> X (0.04997 x NEm? +0.03840) for non-pregnant cows.
Increase DMI by 0.2 x daily milk yield (kg) for lactating cows.

DMl is calculated by dividing total daily NEm intake (Mcal/d) by dietary NEm concentration (Mcal/kg DM). For
feeds with a dietary NEm concentration less than <0.95 Mcal/kg DM, the divisor should be set to a constant
of 0.95 to avoid biologically unrealistic intakes (see NASEM 2016, page 167).

NEm is net energy for maintenance in Mcal/kg DM is calculated as follows:
NEm (MCal/kg DM) = (Diet ME (in MJ/kg DM) * 0.8829 -2.5859%) / 4.184
# see main report for details on origin of this regression equation.



