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Effects of the level and source of dietary protein
on intake and milk yield in dairy cows

Dhiaeddine MHAMED*, Philippe BVERDIN, Raymond ERITE

INRA/ENSAR Unité Mixte de Recherches Production du Lait, 35590 Saint-Gilles, France

(Received 27 July 2000; accepted 27 March 2001)

Abstract — The objectives of this trial were to determine the effect of dietary protein content and the
effect of the source of protein supplements on dry matter intake (DMI) and milk yield in dairy cows
fed ad libitum. In addition, the interaction of protein supplement with the level of milk yield was stud-
ied to test the hypothesis that the DMI response to protein supplement depends on the nutrient
requirements of the cows. Two groups of six lactating cows differing in milk yield (45t kmnd

38 kgd1 pre-treatment) were assigned to a double3BLatin square design over periods of

3 weeks. The 3 treatments consisted of 3 complete diets (60% maize silage and 40% concentrate) with
different protein sources and levels: low-protein supplement (LP) (5% soybean meal + 1.2% of urea
in the diet), high-protein supplement containing soybean meal (HP-SB) (19% soybean meal) and
high-protein supplement containing formaldehyde-treated soybean meal (HP-FTSB) (12% formalde-
hyde-treated soybean meal + 1.2% of urea in the diet). HP treatments significantly in&tea3€&)

DMI (+1.2 kgd™D), milk yield (+1.8 kgd™1), 4% FCM (+2.5 kgth) and fat content (+1.9kg™) com-

pared to the LP treatment. These improvements were not related to the source of protein used or the
level of milk yield. Compared to LP treatment, the HP-SB treatment increased milk protein content
(+1.4 gkg™) (P < 0.05), whereas the HP-FTSB treatment had no significant effect. Intake and milk
yield were increased by higher protein content in the diets independently of the source of protein used
or the level of milk yield.

dairy cow / intake / protein / milk yield

Résumé— Effet du traitement de tannage des protéines au formol sur I'ingestion et la production

des vaches laitiere<Cet essai a pour objectif d'étudier I'effet de la teneur et de la nature des protéines
de la ration sur les quantités ingérées et la production laitiere chez les vaches laitieres alimentées a
volonté. De plus, le dispositif expérimental utilisé a permis d’étudier I'interaction entre le supplément
protéique et le niveau de production afin de savoir si la réponse d’ingestion a un supplément de pro-
téines était fonction des besoins nutritionnels des vaches. Deux groupes de six vaches laitiéres consti-
tués selon le niveau de production (45H#get 38 kgi—1) ont été répartis dans un schéma en double
carré latin 3 3 avec des périodes de 3 semaines. Les traitements consistaient en : (1) un régime témoin
négatif (LP) (5 % tourteaux de soja + 1,2 % d'urée dans la ration), (2) un régime tourteaux de soja
(HP-SB) (19 % de tourteaux de soja) et (3) un régime tourteaux de soja tanné (HP-FTSB) (12 % de
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tourteaux tannés + 1,2 % urée dans la ration). L’accroissement de la teneur de la ration en protéines
alimentaires peu dégradables dans le rumen par rapport au régime témoin entraine des augmentations
significatives P < 0,05) des quantités ingérées (+1,2%)y de la production laitiere (+1,8 kb,

des quantités de lait standard (+2,5#&y et du taux butyreux (+1,9kg1). Comparée au régime

témoin (LP), I'utilisation des tourteaux de soja normaux améliore le taux protéique du lait
(+1,4 gkg™)) contrairement aux tourteaux tannés. Les quantités ingérées et la production laitiére
sont augmentées chez la vache laitiére par la supplémentation de protéines dans le régime indépen-
damment de la nature du supplément protéique et du niveau de production.

vaches laitieres / ingestion / protéines alimentaires / production laitiere

1. INTRODUCTION dairy cows to protein supply could be influ-
enced by their potential yield, but these
authors were interested only in parity and

In ruminants, increasing the prOtemdid not compare the responses of multi-

content of the diet enhances DMI, milk yield . AT
and body weight gain [3, 20], but the PArous cows according to their milk yield

responses vary greatly according to the typ[12]'

and level of protein supplements. The sup  The objectives of this trial were (1) to

plementation of diets with non-degradableverify that enhancement of protein digestible
protein improves milk yield in dairy cows [1, in the intestine (PDI) improves DMI, (2) to

7, 13], but DMI responses vary among thesee if the formaldehyde treatment of soy-
different trials [11, 14, 26]. On the one handbean meal affects DMI at similar levels of
heat-treated or formaldehyde-treated proPDI supply, and (3) to verify whether the
tein supplements are the usual source (OMI response to protein supplements dif-
PDIA (dietary protein truly digested in the fers with the milk yield in dairy cows.

small intestine) [24] used in dairy produc-

tion, but heat-treatment of proteins may

decrease their digestibility in the small intes2. MATERIALS AND METHODS

tine [6]. On the other hand, formaldehyde )

can affect microorganism activities and con2-1- Experimental procedure

sequently alter digestion [16].
a Y 9 [16] Three complete diets with different pro-

Whether rations are offered to dairy cowstein supplements were compared in two
with formaldehyde-treated or non-treatecgroups of high and medium milk-yielding
protein supplements, improvements in milkcows using a split-plot experimental design.
yield are the same and a large amount (Twelve multiparous cows at the beginning
protein supplement is economised [23]. Nevof lactation (58 days postpartum) were
ertheless, few trials have been conductedivided into two groups according to milk
with cows fed ad libitum in order to compareyield (44.8 + 5 kgt and 37.7 + 2 kgt for
different protein sources allowing the samegroups 1 and 2, respectively) and body
contribution of PDIE (protein truly digested weight (643 + 60 kg and 614 + 65 kg for
in the small intestine allowed by energy)groups 1 and 2, respectively) during the pre-
and PDIN (protein truly digested in the smallexperimental week. Cows in each group
intestine allowed by nitrogen) [24] in the were assighed successively to 3 experimen-
rations, and to verify the consequences ctal diets according to a doublex3 Latin
formaldehyde treatment on intake. SomeSquare with 3-week periods and balanced
authors have suggested that the responsefor residual effects. Cows received the same
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diet containing maize silage (60%) and conbaily and weekly samples were collected
centrate (40%) which contained one of théor maize silage and concentrate, respec-
three protein supplements: (1) low-proteirtively, to estimate their DM composition.
treatment (LP), 5% soybean meal + 1.2% representative sample of each feed was
urea in the diet; (2) high-protein treatmentprepared during each period and analysed
with soybean meal (HP-SB), 19% soybeaiin order to determine its chemical compo-
meal in the diet; (3) high-protein supple-sition and nutritive value. Milk samples from
ment with formaldehyde-treated soybeanhree consecutive daily milkings were col-
meal (HP-FTSB), 12% formaldehyde-|ected every week and analysed for fat and
treated soybean meal + 1.2% urea in thgrotein contents. During the 3rd week of
diet. The total mixed diet (Tab. I) for each experimental period, 10-ml blood sam-
ad libitum intake was fed to the cows twicep|es were drawn off from the tail vessels
daily after each milking. before the morning meal and were analysed

Milk yield and DMI were recorded daily for urea, glucose, NEFA, BHBA, plasma
and cow body weight was recorded weeklyproteins and insulin.

Table I. Composition of diets and feeding values of the experimental complete diets.

LPt HP-SE? HP-FTSB
(%) Diet
Maize silage 60 60 60
Concentrate 32.3 19.5 25.3
SBM 5 19 0
FT-SBM 0 0 12
Urea 1.2 0 1.2
Mineral and vitamin premix 15 15 15
(%) DM

DM?a 51.0 50.6 51.5
OomP 92.6 93.7 92.6
CF 14.1 16.5 17.0
NDFd 38.0 36.3 37.8
ADF® 18.5 18.0 18.4
ADLf 1.8 1.7 1.8
NE, 9 (UFL-kg~* of DM) 0.93 0.96 0.94
PDIAN (g-kg™! of DM) 30 51 60
PDIN" (g-kg™* of DM) 87 111 115
PDIE" (g-kg™* of DM) 83 105 111

1Low protein;2 soybean meaf formaldehyde-treated soybean.

apry matter;? organic matter¢ crude proteind neutral detergent fibréacid detergent fibrd;acid
detergent lignind estimated using the equations of Vermorel [22] and expressed according to the French
feed unit system, 1 UFL = 7.11 MJ of NE' dietary protein truly digested in the small intestine
(PDIA), protein truly digested in the small intestine allowed by N (PDIN) or energy (PDIE) and
fermented in the rumen, and estimated using the equations of Vérité and Peyraud [24] according to
the French feed unit systehepntains: 20% barley, 21.5% wheat, 37% beet pulp, 17% wheat bran,
2% animal fat, 2% molasses, 0.5% calcium bicarbonate, 1% sodium bicarbonate and 1% sodium
chloride.
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2.2. Chemical analyses 3. RESULTS

Chemical analyses were performed on NO significant interaction was found
dry feed samples that had been ground usirRftween the level of pre-treatment milk yield
a 0.8-mm mill. DM, OM, ADF and CP con- Ot dairy cows and the treatments, so the con-
tents were analysed according to the AOAdrasts (3) and (4) are not presented in the
methods [2], and the NDF content adables P> 0.05).
described by Van Soest et al. [21] (proced-
ure A). Protein and fat contents of milk wer e v
determined by infrared analysis (Milkoscan?s'l' Intake and milk yield

Foss Electric, Hillered, Denmark) [2]. Blood HP treatments brought about a significant
samples were prepared and analysed fc?ﬁcrease in DMI (+1.2 kg-3) (P < 0.05)
urea, glucose and NEFA as described b}ﬁilk yield (+1.8 kgd.—l) 4% ECM ilield
plasma proteins were determined a%at content (+1.9 &g-3), protein yield
compared to LP treatment (Tab. II). How-
2.3. Statistical analysis ever, the HP-FTSB treatment of soybean
"~ did not affect intakeR > 0.05) (Tab. Il) but
o . significantly decreasedP( 0.05) the protein
Data were analysed statistically using thexontent of milk compared to HP-SB treat-
GLM procedure of SAS [19]. The statistical ment. On the other hand, the high-produc-
model of variance analysis was the fO”OW-ing dairy cows ate more than medium-
Ing: producing cows receiving LP treatment
T G AT e
+preTy = T MY, + g groups of cows. Protein and energy balances
Yi'kl = experimental variablgy = mean; did not differ in both groups?(> 0.05).
MJYi = pre-treatment milk yield effect (high
or medium); €= cow effect; P = period
effect; T, = treatment effect; preT= pre-
vious treatment effect; ®k MY, = interac-
tion between treatment effect and milk yield
effect; g, = residual. The milk yield effect
was tested with the error 1Y).

3.2. Blood plasma analysis

HP treatments significantly increased
(P < 0.05) the plasma concentrations of urea
(+13.6 mgdL™1) and protein (+0.3-gL™Y),
but no significant effect was observed in

Four orthogonal contrasts were made iplasma concentrations of insulin, glucose
order to test the effect of some treatmenter BHBA (Tab. IIl). Compared to HP-SB
on the experimental variables: (1) the effectreatment, plasma concentrations of NEFA
of dietary protein content (PDIA = LP vs. were significantly higher in cows fed the
HP); (2) the effect of formaldehyde treat-HP-FTSB diet P < 0.05) (Tab. Ill).
ment (FT = HP-SB vs. HP-FTSB) compared
to normal soybean meal; (3) the interaction
between the pre-treatment milk yield and4. DISCUSSION
the dietary protein content (PDIAMY);
and (4) the interaction between the formalde- In this trial, the significant increases
hyde treatment and the pre-treatment millobserved in DMI were dependent on
yield (FTx MY). Statistical difference was improvements in the PDIE content of diets;
determined aP < 0.05. such results are consistent with other
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Table Il. Effects of soybean meal or formaldehyde-treated soybean protein supplementation on
intake, milk yield and milk composition of dairy cows.

Lp? HP-SB HP-FTSE RSD' PDIAS FT6

DMI (kg-d3 23.2 24.8 24.% 1.0 0.007 0.467
Milk yield (kg-d1) 37.2 38.7 39.4 1.1 0.001 0.178
4% FCM yield (kgd™b) 35.( 37.9 37.9 1.3 0.001 0.990
Total fat (gd=1) 133R 1468 147%P 67 0.001 0.912
Total protein (g3 102 1124 1098 32 0.001 0.059
Milk composition

Fat (gkg™) 36.12 38.2b 37.7b 2.0 0.035 0.542

True protein (kg1 27.8 29.2b 28.¢% 0.5 0.001 0.001
Nutrient balance

NE, (UFL-d™) -0.4 0.3 -0.4 0.96 0.432 0.105

PDI (gd™b) -7 41 58CF 107 0.001 0.004

1Low protein;2soybean meaf formaldehyde-treated soybedmesidual standard deviation.
Contrasts®low dietary protein vs. high dietary protefriprmaldehyde-treated supplement vs. non-treated sup-
plement.

Table 1ll. Effects of soybean meal or formaldehyde-treated soybean protein supplementation on
some blood parameters.

LpP? HP-SB HP-FTSE RSD' PDIAS FT6

Urea (gL} 0.25 0.40 0.39 0.52 0.001 0.357
Glucose (6.9 0.62 0.63 0.62 0.31 0.691 0.369
NEFA (mmolL™Y) 0.1R 0.12 0.20° 0.07 0.103 0.022
Protein (gL™%) 84.7 88.0° 87.9 2.7 0.009 0.973
Insulin (ngL=Y) 0.47 0.52 0.53 0.18 0.534 0.891
BHBA (mmol-L™Y) 0.47 0.54 0.59 0.17 0.134 0.529

1Low protein;2soybean meaf formaldehyde-treated soybedmesidual standard deviation.
Contrasts® low dietary protein vs. high dietary protefiformaldehyde-treated supplement vs. non-treated
supplement.

findings [3, 18]. The formaldehyde treat- This decrease may be due to the modifica-
ment of soybean meal did not affect DMItions in ruminal digestion caused by the low
response. In some trials [15, 23], DMIlevel of degradation of the formaldehyde-
increased, but not significantlf? & 0.05), treated soybean, which normally decreases
when protein supplements were formalderumen ammonia and reduces apparent nitro-
hyde-treated (+0.9 kd~ on average). The gen digestibility [4]. In this trial, the lower
overprotection of protein supplements withdegradability of FTSB was compensated by
formaldehyde (> 0.3-400 g! of CP) urea addition in order to maintain a suffi-
appears to decrease DMI, but not significient level of degradable nitrogen in the
cantly, when such supplements are comrumen. Some previous works have shown
pared to non-treated supplements [18, 25}hat the nature of degradable nitrogen in the
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rumen could slightly affect NDF digestibil- 5. CONCLUSION
ity [17] but does not significantly modify
the digestibility of a maize silage-based diet. Intake, milk yield and other zootechni-
The increases in DMI in this trial are mainlycal parameters in dairy cows are seen to
due to a higher amino acid supply to théncrease with the dietary protein content
cows, independently of the type of supplewithout any interaction with the milk yield.
ment used. At the same level of PDIE and PDIN input
L , into the diet, formaldehyde-treated or non-
The second objective of this work was toyeated supplements have a similar and sig-
determine if the DMI response to proteinificant effect on DMI and milk yield com-
supplement was related to the milk potenpared to dairy cows fed a low-protein diet.
tial and nutrient requirements of the cowsyg\yever, the formaldehyde treatment sig-

In this trial, the lower milk yield of the pisicantly decreases the protein content of
medium group was associated with a lowepijik.

DMI. Thus the energy and protein balances
of the medium- and high-producing dairy

cows were similar. The milk yield of the ACKNOWLEDGMENTS

medium group was probably much more
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