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ABSTRACT

The study investigated the effects of reducingydagrbage allowance (DHA) from 15.0to 11.8
kg dry matter per cow (> 3.5 cm post grazing swaeigiht) to a spring-calved herd during early
lactation on the composition, rennet coagulabdityl heat stability characteristics of milk during
early lactation (EL, 29—-70 days in milk, DIM), miactation (ML, 78-183 DIM), and late
lactation (LL, 205-267 DIM). Samples of milk weekén at approximate 10 d intervals during
EL and at 1-3 week intervals during ML and LL. Reidg DHA led to reductions in milk yield,
milk solids yield, and concentrations of protei®.22%, w/w) and casein (0.13%, w/w) during
EL. Otherwise, it had little effect on milk comptsn or on the selected processing
characteristics in ML, LL or overall lactation. §&of lactation resulted in comparatively large

changes in most compositional parameters, renitati@e and heat stability.
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1. Introduction

Grazing of dairy cows on pasture grass featuresijprently in temperate regions, such as
Ireland and New Zealand, where grass growth oanugs most of the year. Grazing with
compact calving of cows in early spring is oftea thost cost-effective approach for milk
production, as the maximum milk production voluneéncides with maximum grass growth
(O'Brien & Hennessy, 2017). The diet of pasturezgchdairy herds may be supplemented with
a low quantity of concentrate supplementation effleat the extremes of the pasture growing
season, i.e., in early and late lactation.

Commercial milk primarily from spring-calved pasttgrazed dairy herds has a
lactational supply pattern, with peak supply ociewgyin late spring-early summer when cows are
in early lactation and grass growth is high (O’'Br& Hennessy, 2017). Moreover, the milk also
displays variation in composition and yield oves ffear to an extent dependent on stage of
lactation (Auldist, Napper, & Kolver, 2000a), quglallowance of feed (Auldist et al. 2016;
Mackle, Bryant, Petch, Hooper, & Auldist, 1999)jmal health, weather, and husbandry
practices (Chen, Grandison, & Lewis, 2017). Vaoatin the DHA of pasture-based spring-
calved herds can vary according to pedoclimatidgmms and local changes in weather
conditions. Data on DHA of cows in Ireland indicatbat the DHA varies from ~12 to 16 kg dry
matter (DM) per cow during the initial 12 weekdadtation (Lewis, O’Donovan, Kennedy,
O’Neill, & Shalloo, 2011). Cold wet weather in spgyi(March—April) can significantly reduce
grass growth and, hence, the DHA available to gaberds in early lactation especially where
stocking rate is high (Kennedy, Galvin, & Lewis 18). The following questions arise: ‘does a

shortage of herbage in early lactation affect cositimm and processability of milk?’, ‘at what
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level of herbage reduction do effects become sgant?’, and ‘are effects of a shortage of
herbage in early lactation carried into mid- artéactation when herbage again becomes
plentiful?’

Lowering DHA in the range 13-19 kg DM per cow imlgdactation (15-95 days in
milk, DIM) has been generally found to coincidelwigductions in milk yield and protein
concentration, but to have no effect on the comaéinh of fat or lactose (Kennedy, O’Donovan,
O’Mara, Murphy, & Delaby, 2007; McEvoy et al., 2008 similar trend for effect of DHA on
milk yield and concentrations of protein and caseas reported by Auldist, Thomson, Mackle,
Hill, and Prosser (2000b) when DHA was limited #0% of ad libitum allowance in early
lactation (~60-68 DIM). Similarly, Bargo, Muller,dlahoy, and Cassidy (2002) found that a
decrease in DHA from 40 to 25 kg DM per cow duriogr different periods across the year
(93-113, 114-134, 209-229, and 230-250 DIM) reducdédyield, but had no effect on the
mean concentrations of milk protein, fat or milleamitrogen.

Variations in the concentrations of the major nadinstituents (e.g., casein, whey
protein, lactose) are of relevance in dairy proogsas they affect manufacturing efficiency
dairy products such as cheese, casein and milk @owdd processing characteristics such as
rennet gelation (Guinee et al., 1997; Lin, O’'Mahoglly, & Guinee, 2017b), heat stability
(Huppertz, 2016) and ethanol stability (Chen, Lewissrandison, 2014; Lin et al., 2017b).
However, other composition-related factors are kksty to affect the processing behaviour of
milk, e.g., concentration of different elementsi¢ldpas, Lewis, & Grandison, 2007),
proportions of different caseins (Joudu, Henno,rkdissa & Kart 2008), and the partitioning
of components (e.g., casein, calcium) betweeneahesand casein micelle (Lin, Kelly,

O’Mahony, & Guinee, 2018). Wedholm, Larsen, Lindkadtansson, Karlsson, and Andrén
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(2006) reported that a low concentrationcafasein and a low proportion efcasein (% total
casein) in individual cow milk samples collectednfr different breeds (Swedish Red and White,
Swedish Holstein and Danish Holstein-Friesian) elated with poor rennet-coagulating
properties. Little information is available on hewariation in DHA in early lactation affects
these other compositional parameters and milk gsadglity, or whether such effects are carried
over into mid- and late-lactation.

The current study investigated the effect of atigibHA (11.8-15.0 kg DM per cow) in
early lactation (29—70 DIM) on the composition,mehgelation and heat stability of cows’ milk
during early-, mid-, and late- lactation. The tygiDHA required for spring-calved cows in early

lactation in Ireland is ~15 kg DM per cow (Lewisadt 2011).

2. M aterials and methods

2.1. Herd treatments and paddock management

Thirty-six spring-calved cows from the Teagasc Aalitand Grassland Research and
Innovation Centre (Moorepark, Fermoy, Co. Corklaine) were made available for the study.
The cows had a mean calving date of February &% 284 d. Following calving, the cows had
access to pasture by day and housed by nightathtebruary. During this period of partial
turnout, the cows received a daily herbage allowayi&Z kg DM per cow while grazing to a post
grazing height of >3.5 cm, and had ad-libitum asdeggrass silage by night. Cows were let out
to grass full-time on February 23 and received sARI13 kg DM per cow until March 2, one

week prior to dividing of the cows into three seggarherds. During the period February 9 —
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March 2, cows received a concentrate supplemenihs gradually reduced from 5 to 0 kg per
cow per day. After this period, cows grazed onyrasivithout any further concentrate
supplementation.

The 36 cows were assigned to three different hehdsh were placed on different DHA
on March 9. The herds were balanced with respecdliong date (9 February 2015, £8.4 d),
breed (16 Holstein Friesian (HF), 13 HF x Jerseif7/x Norwegian Red) lactation number
(2.56%1.4), bodyweight (523+53.2 kg), body conditsxore (BCS, 3.17+£0.142), pre-
experimental daily milk yield (25.3£3.70 kg) andlkrsolids yield (2.20+0.33 kg). Each herd
was assigned to a different DHA treatment for 6 kgdeom March 9 — April 19 (29-70, DIM)
within the same paddocks, which were divided irfjpasate areas using electric wires. The three
DHA were 11.8, 14.4 and 15.0 kg DM per cow, respetbt; these are denoted as low (L-DHA),
medium (M-DHA) and high (H-DHA), respectively. Frepasture areas were offered after each
milking while the DHA treatments were being imposed on a 24-h basis thereafter.

Paddocks were dusted with calcined magnesite (inféutrition, Cork, Ireland) to
prevent grass tetany. Herbage mass for each treapaddock was calculated at a sward height
of >3.5 cm by mowing six strips (120°hwith a motorised harvester (Etesia UK Ltd., Wantyi
UK) twice weekly. All mown herbage from each stwps collected, weighed, sub-sampled, and
analysed for DM by drying for 16 h at 90 °C (Kenped al., 2007). The pre- and post-grazing
sward height was measured on a daily basis ate#itms across the two diagonals of each
paddock, using a folding pasture plate meter wikeal plate (diameter 355 mm and 3.2 K§ m
Jenquip, Fielding, New Zealand).

Following the 6 week experimental period, all 3&vsarazed once more as a single

herd, receiving a common DHA of 18 kg DM per cowttoe remainder of the lactation period
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(November 23, DIM 288). Individual cows were dri&tlwhen daily milk yield decreased to 8
kg per cow, BCS dropped to 2.5, or when the infefrean next calving date was 8 weeks.

All experimental procedures involving cows were rawed by the Teagasc Animal
Ethics Committee (TAEC69/2014) and authorised leyHlealth Products Regulatory Authority
(Project licence No.: AE19132/P017), which is tbenpetent authority in Ireland responsible for
the implementation of European Union legislationtfe protection of animals used for

scientific purposes.

2.2.  Milk sampling

Milk was sampled at 10 day intervals during thageeMarch 9-April 19 (29-70 DIM),
when the herds were on different DHA, this pericabwlenoted early lactation (EL). Thereatfter,
milk was sampled at 1-3 week intervals for the riedex of the lactation period, which was
divided into two sub-periods, namely mid lactat{tfL, April 27—August31) when cows were
78-183 DIM, and late lactation (LL, September 2GwBimber2) when cows were 205-267
DIM.

Cows were milked daily at 07:00 and 15:30. The rfritkn all 36 cows was collected
separately after evening and morning milkings; @wg@milk samples were stored at 4 °C
overnight prior to blending with morning milk sarepl A composite sample for each of the
treatment herds was generated by blending thefroitik individual cows in the herd, in
guantities proportional to the total milk yield @dich cow in both evening and morning milkings.

The three composite herd milk samples were predesith sodium azide (0.2%, w/w) and
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stored overnight at 4 °C until required for anadysvhich was completed with 3-48 h after

collection.

2.3. Preparation of skim milk and milk serum

Milk was skimmed to a fat concentration of <0.1%vvfat using a disc bowl centrifuge
(FT15 Disc Bowl Centrifuge, Armfield Limited, Ringwd, UK), and stored at 4 °C prior to
analysis (within 24-48 h). Representative sub-sampt10 mL) of the skim milk for analysis of
protein profile and concentrations of elements vatoeed at —20 °C until required.

The preparation of milk serum involved heating ¢b&l skim milk samples at 40 °C for
30 min (to reverse cold ageing effects, includialykilisation of casein and calcium phosphate;
Dalgleish & Law, 1988) and ultracentrifugation 801000 xg at 25 °C for 1 h (Sorvall
Discovery 90SE ultracentrifuge, Kendro Laboratorgdeicts, Asheville, NC, USA). The
supernatant was filtered through glass wool toiolita-free serum which was stored at 4 °C
and assayed for nitrogen (N) content within 48 Barhple collection; subsamples of the fat-free
serum (2 mL) were taken in Eppendorf tubes (Thefmsber Scientific, Ireland) which were

stored at —20 °C and assayed later for proteinilpra$ described below.

2.4. Compositional analysis of milk, skim milk and serum

Milk was assayed in triplicate for: total solidaf,flactose and urea using the FOSS

MilkoScan FT+ analyser (N. Foss Electric A/S, Hild, Denmark), protein, non-casein nitrogen

(NCN) and non-protein nitrogen (NPN) using standatdrnational Dairy Federation methods
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(Lin et al., 2017b). Skim milk was analysed foriindual proteins by reversed phase HPLC, as
described by Lin et al. (2017b). Minor whey protgimcluding bovine serum albumin,
lactoferrin, and immunoglobulins were not detedigdhe RP-HPLC protocol used. Fresh serum
was analysed for protein, as described above,ramdrf samples of serum were thawed at 4 °C
for ~1 h and analysed for individual proteins aollible casein, which is defined as follows:

Soluble casein = total protein in serum - whey @rot- NPN (expressed as protein).

2.5. Element analysis

The concentrations of macro- (Ca, P, Na, Mg) aadetr (Zn, Fe, Cu, Mo, Mn, Se, Co)
elements in skim milk were measured in acid-exé@siamples using inductively coupled
plasma mass spectrometry (Agilent ICPMS 7700x, WiBX-500 series auto-sampler and
MassHunter software A.01.02 Patch 4), as desctilge@dulati et al. (2018). The method
involved acid extraction (with nitric acid, hydrdohc acid and hydrogen peroxide) of milk

samples (~1 g) and appropriately dilution of theaot and its analysis on ICPMS.

2.6. Rennet gelation

Cold skim milk samples were heated at 40 °C fom3®, cooled to 21 °C, adjusted to pH
6.55 at 21 °C and heated to 31 °C. Chymosin (Chy@®plus, 200 International milk clotting
units (IMCU) mL?*; Chr. Hansen, Hgrsholm, Denmark) was diluted 26-io distilled water,
was added to the milk at a level of 10.6 IMCUmotein. Immediately, the sample was assayed

for changes in storage modulus, G' (a measurestéisyelasticity), as a function of time from
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rennet addition, using dynamic low amplitude sti@soillation rheometry in a controlled stress
rheometer (Carri-Med, type CSL2500, TA instrumehtsw Castle, USA), as described by Lin
et al. (2017b).

The following parameters were calculated from #muttant Gtime curve: rennet
coagulation time (RCT), defined as the time reqlfo G' to increase to a valueD.2 Pa;
maximum gel firming rate (GRR,), calculated as the maximum slope of tH&i®@e curve; and,

G’ at 40 min from rennet addition ¢g.

2.7. Heat coagulation time

Skim milk samples were adjusted to pH values inréimge 6.2 to 7.2 with OxL
HCI/NaOH, at 0.1 pH unit intervals, at 21 °C. The¢-pdjusted samples and a sample at natural
pH (HCT,,n) were assayed for heat coagulation time (HCT¥at°C in a temperature
controlled oil bath (Hettich ESP oil-heating battettich Benelux BV, Geldermalsen,
Netherland), as described by Lin et al. (2017b} fidllowing parameters were obtained from
the resultant pH/HCT curves, all of which had a¢gptype A HCT/pH profile (Huppertz,

2016): HCThax HCT at the first inflection point; HGH,, HCT at second inflection point.

2.8.  Statistical analysis

The data set relating to the bulk milk from eachhoée DHA treatments (L-DHA, M-
DHA and H-DHA) in the individual lactation periodEL, ML and LL) was analysed using

analysis of variance (ANOVA), to determine the effef DHA in each lactation period, the

10
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effect of DHA in overall lactation, and the effaftlactation period across all the DHA
treatments. The experimental unit was herd milkijevitne replication unit was the sampling
time. The effects of DHA and lactation period wdetermined using the general linear model
(GLM) procedure of SAS 9.3 (SAS Institute Inc., ¢aMC). Tukey's multiple-comparison test
was used for paired comparison of means and tlet ¢ésignificance was determinedRak
0.05.

R-3.2.2 software (R Core Team, 2014) was usedngpate a Pearson correlation
between the different compositional variables, whggnificance was determinedrak 0.05,P

< 0.01, and® < 0.001, according to Students t-test.

3. Results and discussion

3.1.  Gross composition and pH of milk

The yield anccomposition of milk from the different DHA treatntsnapplied during
early lactation, are shown in Table 1. DHA had gigant effects on milk yield and
composition, the extent of which depended on coiitipoal parameters and lactation period.

Reducing DHA from 15.0 (H-DHA) to 11.8 (L-DHA) kgNd per cow during the six-
week EL period resulted in lower yields of milk amik solids, and concentrations of total
protein, true protein and casein in EL, but hacefiect on the concentrations of total solids,
lactose, fat, whey protein, NPN and urea, casembau, or proportions of individual caseins in
EL. The results concur with those of previous stadO’Brien et al., 1997; Kennedy et al.,

2007; McEvoy et al., 2008) which found that redgddHA in the range 19.0 to 13.0 kg DM per

11
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cow in early- (15-95 DIM) or mid- (88—-177 DIM) lation led to lower milk yield and
concentrations of protein and casein, but did ffecathe concentrations of fat and lactose.
Likewise, the absence of an effect of DHA on theportions of different caseinads-, asz, B-
or k-caseins) agrees with the results of Auldist et(2000b) on restricting DHA to ~40% of
ad libitum intake in early lactation (~60—68 DIM).

Apart from a quite small, but significant, changeaurea in ML, reducing DHA in EL had
no significant carry-over effects on yield of mgklids or milk composition in ML or LL (Table
1), as evidenced by the similar values for thestatariables in ML and LL.

This trend confirms the results of Kennedy et200Q(7), which showed that differences in
milk yield and composition as a result of DHA véina (13-19 kg DM per cow) in early
lactation (15-91 DIM) disappeared on normalisabdb®HA to 20 kg DM per cow in mid
lactation (92—119). Conversely, Roche (2007) fotlnad restricting DHA from 13.5 to 8.6 kg
DM per cow in early lactation (1-35 DIM) coincideadth lower yields of milk, fat and protein,
and concentrations of fat and protein during l&tetation (36—105 DIM). McEvoy et al. (2008)
also found that lowering DHA (from 17 to 13 kg DMrxow) in early lactation (19-95 DIM)
resulted in a significant reduction in milk protéth13%, w/w) in mid-lactation (96—181 DIM).
Roche (2007) concluded that the most plausibleore&s this carryover effect is a negative
effect of energy restriction on mammary secret@l/rmumber and activity, and potentially a
reduced uptake of nutrients by the mammary glahé.imter-study discrepancy (Kennedy et al.,
2007; McEvoy et al., 2008; Roche, 2007) on theatffef DHA restriction in early lactation on
the composition of milk as lactation advances nedgte to factors such as extent and duration of

feed restriction, and level of nutrient intake le fpre-calving and post-restriction periods.

12
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Despite its effects in EL, reducing DHA in EL haal effect on the mean values for milk yield or
different compositional parameters over the erdictation.

The mean daily milk yield decreased progressiveti stage of lactation, from ~24.5 kg
in EL per cow to 12.7 kg per cow in LL. Lactatioaripd also had a significant effect on milk
composition (Table 1), with LL milk having highereign concentrations of fat, protein, casein,
whey protein and NPN, a lower concentration ofdaet and a lower pH value. However, casein
as a proportion of total casein (casein numbene#sed, while whey protein as a proportion of
total protein increased with advance in lactatibhas been suggested that the reduction in the
casein:whey protein ratio in LL milk is due to aflix of blood components (including albumin
and immunoglobulins) into the milk, concomitanthvén increase in the permeability of the
alveolar epithelium as involution approaches (Astidi Hubble, 1998; Bobbo et al., 2017). The
mean proportion ods;-casein in ML milk (37.9%) was lower than that ib &ilk (41.8%);
otherwise lactation period did not affect the pntjoms ofk-, B- andascaseins, or the ratio of
a-lactalbumin tg3-lactoglobulin. The trends in protein and lactosthyactation period are
similar to those reported previously for milk frapring-calved herds (Auldist et al., 2000a;

Gulati et al., 2018).

3.2. Macro- and trace-elements

The elemental content of milk affects its procegsiehaviour, and the nutritional value
and stability of dairy products (Gaucheron, 20I3)e mean concentrations of macroelements
(Ca, P, Na and Mg) and trace elements (Zn, FeMouMn, Se and Co) are shown in Table 2.

Overall, reducing DHA in EL had little influence d¢ime concentrations of most elements, apart

13
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from giving higher and lower concentrations of Mglde, respectively, in EL and a higher
concentration of Zn in LL. The results concur w@tBrien et al. (1997) who reported that
alteration of DHA in mid-lactation (88—177 DIM) ditbt significantly alter the concentrations of
Ca or P. The absence of an effect of DHA on theeptrations of Ca and P might be explained
on the basis that the animal skeleton acts aseava@s for these minerals where mineral intake
in the diet is deficient (Fox, Uniacke-Lowe, McSweg, & O’Mahony, 2015).

Lactation period significantly affected the meamaantration of most elements, apart
from Fe, Mn and Co (Table 2). LL milk had higheraneconcentrations of Ca, Mg, P, Na, Se,
Zn and Mo, and a lower concentration of Cu, tharoEML milk. The trend aligns with the
lactational increase in casein, with which a rekd$i high proportion of many of the latter
elements (Ca, P, Mg, Zn) associate (Vegarud, Laidgst Svenning, 2000) in the formation of
the casein micelles (Lucey & Horne, 2018). Henke,doncentrations of Ca, P and Mg
correlated positively with casein content (Fig.. Mé@vertheless, the ratio of total Ca or P to

casein decreased slightly, but significantly, asecaincreased (Fig. 1b) from 120 DIM onwards.

3.3.  Composition of milk serum

Reducing DHA from 14.4 (M-DHA) to 11.8 (L-DHA) kg® per cow in EL led to a
significant reduction in the concentration of pmote the serum (~0.13%, w/w) in EL milk, but
otherwise had no effect on serum composition ($elabsein, casein profile) in EL, ML or LL
milks (Table 1).

The concentration of protein and soluble casesenum increased over lactation,

concomitant with the increase in the concentratadristal protein, casein and whey protein in

14
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milk. Casein in serum, as a proportion of totaleoasn milk, increased significantly from a
mean value of 5.3 % in EL to 12.9% in EL; the ranfgalues (3.4-13.9%) over lactation was
broader than that (3.6—-10.5 %) reported by Lin.&R817b) for a mixed mixed-herd of spring-
and autumn-calving cows over the year, but narratem that (7—25% of total casein) found by
Rose (1968) for fresh milk from individual cows aeglilibrated at 35 °C prior to
ultracentrifugation. The overall mean proportiohs®, B- andk-caseins, as percentages of
casein in serum, were ~26, 41 and 33, respectigely,were not influenced by DHA or lactation
period (data not shown); the values are of sinmiagnitude to those reported by Lin et al.
(2017b). A tentative explanation for the relativaigh proportion of soluble casein in the LL
milk is the reduction in ratio of Ca and P-to-casg@tig. 1b). Rose (1968) investigated the effects
of incremental reduction in the colloidal calciuontent of milk from 18.6 to 0.6 mm and
concluded that the calcium phosphate content oélfee and the polymerisation of temperature-
sensitive caseins (Dalgleish & Law, 1988), espclakcasein, is the major factor controlling the
level of intact casein in serum. High levels ofeiasn serum (>> 15% of total casein) are
undesirable as they impair rennet gelation and sunéresis, and reduce cheese yield (Ali,

Andrews, & Cheeseman, 1980).

3.4. Rennet gelation

Rennet gelation is a key functional parameter ¢k osed for cheesemaking as it
determines the rate at which the milk sets anattiamges in gel strength (storage modulus, G')
and gel firming rate as a function of time frommehaddition. It influences the ability of the gel

to withstand fracture during cutting and to syneresd consequently the moisture content and
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guality of the cheese, the recovery of fat, andesbeaking efficiency (Fox, Guinee, Cogan, &
McSweeney, 2017). Alteration of DHA in EL had néeet on rennet coagulation time, (RCT),
maximum gel firming rate (GRR,) or gel firmness at 40 min (§g) during EL, ML or LL

(Table 3). The lack of an effect of DHA on renneagulation characteristics is consistent with
the results of O’Brien et al. (1997) and is scgrseirprising based on the relatively small, or
lack of, difference between the DHA treatments wibpect to casein concentration in EL
(maximum difference of 0.13%, w/w, in EL) (Auldigphnston, White, Fitzsimons, & Boland,
2004; O’Brien et al., 1997), individual caseindudte casein, and ratios of Ca- and P- to casein
(Guinee et al., 1997; Horne & Lucey, 2017).

LL milk had enhanced coagulability, as evidencedhgylower value of RCT and higher
values of GFRaxand Gyg relative to EL or ML milks (Table 3). The improveelation
characteristics of LL milk were most likely assdetawith the higher casein concentration,
which correlated positively with GRRxand G4 (Table 4). Hence, the increase in casein
concentration over lactation was sufficiently latgeoutweigh the slight, but significant,
reductions in the ratios of Ca- and P- to casethiaarease in the proportion of soluble casein,
which are expected to impair rennet gelation (Alle 1980; Fox et al., 2017). The levels of
as1-, 0sr, B-, andk-caseins (as proportions of total casein) had fexebn rennet gelation
properties. Conversely, J6udu, et al. (2008) fasigdificant effects of the proportions @f:-,
asr, B-, andk-caseins on the rennet gelation characteristiosddfidual milk samples from
different breeds (Estonian Red , Red-and-White tdois Estonian Holstein) over a period of 1.5
year period. The inter-study discrepancy may rdlatbe magnitude of the changes in the
proportions of individual caseins over the investiign periods, which were relatively small in

current study (Table 1); these data were not pteddyy Joudu et al. (2008).
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3.5. Heat coagulation time

Heat coagulation time determines the stability dkto high temperature treatment, as
applied for example during the preparation of nilsed beverages (e.g., UHT milk, infant milk
formula, and nutritional drinks), condensed milklasacombined milks (Sharma, Jana, &
Chavan, 2012). Commercially, beverages are fretpupregpared from skim milk concentrates
which have a lower pH than native milk which in@eathe susceptibility to heat-induced
aggregation and destabilisation (Lin et al., 20R&ducing DHA in EL had no effect on the heat
stability characteristics of milk at 140 °C (H@Gd, HCTmaxand HCTpy) in EL, ML or LL. The
absence of an effect of DHA is consistent withgimeilar values of lactose, urea, Ca, P and pH
for each of the DHA treatments in EL, ML and LL (Hdvuir, & Sweetsur; 1978; Huppertz,
2016); and the relatively small difference in pimoteontent (0.22%, w/w) (Rattray & Jelen,
1996) between the treatments in EL.

While stage of lactation also had no effect on RE®r HCTypn, the mean HCHax
across the three DHA treatments in EL was lowen that in ML or LL (Table 4). The results
suggest that changes in the various compositicaralnpeters during lactation have interactive
effects on HCT, to an extent dependent on the madmiof the change (Huppertz, 2016). Hence,
while the relatively low concentration of lactoselehigh concentration of urea might be
expected to enhance the HGTof LL milk compared with ML- or EL- milk, such ancrease
may be offset by the higher protein concentratiot lawer pH of LL milk (Meena, Singh,
Borad, & Panjagari, 2016). Regression analysiscatdd that HCaxand HC T, correlated

positively with concentrations of urea, NPN, tqtabtein and soluble casein, and proportions of
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K- andasy- Or asycaseins, and negatively with lactose (Table 4§ pbsitive effect of higher
soluble casein on HGExand HC T4 is analogous to the increase observed on incrgésm
proportion of soluble casein by addition of NaCRk&%, w/w) or addition of sodium caseinate (

0.3%, w/w) (Lin, Kelly, O'Mahony, & Guinee 2017ag3sier & Rose, 1964).

4. Conclusions

Reducing DHA of a spring-calved herd from 15 to81dg DM per cow in EL (9 March —
19 April; 29—-70 DIM) led to lower milk yield and noentrations of total protein and casein, but
had little, or no, effect on other aspects of cosijan (e.g., concentrations of fat, lactose, non-
protein N, urea, elements or proportions of indiabcaseins), rennet gelation or heat stability at
pH values 6.2—7.2. Moreover, there was little, @rimpact of reducing DHA in EL on milk
composition, rennet gelation or heat stability ih 27 April — 31 August; 85-190 DIM), LL
(20 September — 2 November; 210-275 DIM) or ovéaatiation (EL + ML + LL). The absence
of an effect of lowering DHA in EL on most compasital parameters and processability
characteristics (rennet gelation and heat stapilit{EL, ML or LL suggests that restricted
grazing without concentrate supplementation cathimiimit, be applied in early lactation with
little consequence apart from the lower yields dkrand milk solids during that period. This of
relevance to farm management where adverse wdathpring can reduce grass availability to

cows, especially where stocking rate is high.
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Figurelegend

Fig. 1. Concentrations of: Ca (@), P (O) and Mg (M) (a), and the ratio of Ca- (@), P- (O) and
Mg- (H) to casein (b), as afunction of casein content of milk. The data are from 45 milk samples
collected on 15 different occasions throughout the year from three spring-calved herds on
different daily herbage allowance in early lactation. Linear regression lines (—) werefitted to
the experimenta data points. The regression coefficient (R) and significance of correlations are

shown, where statistical probability is denoted by: ***, p <0.001; **, p < 0.01.



Tablel

Effect of reducing daily herbage allowance (DHAg#rly lactation on the composition of whole mitkgarly-, mid- and late-lactatién.

ltem Effect of DHA treatment in different lactatiperiods Overall effects
throughout
lactation
Early-lactation (EL) Mid-lactation (ML) Late-lactation (LL) DHA LP
H- M- L- SED P H- M- L- SED P H- M- L- SED P P P
DHA DHA DHA DHA DHA DHA DHA DHA DHA
Milk yield (kg per cow per day) 261 244 230 034 * 20.8 20.4 21.4 0.03 - 124 122 135 114 * - ok
Milk solids yield (kg per cow per day) 343 3.23° 3.0 0.06 * 2.67 2.72 2.82 0.04 - 1.78 1.83 191 60.1 - - i
Total solids (%, w/w) 13.1 13.2 13.1 0.16 - 129 331 13.2 0.13 - 14.3 14.6 14.4 0.18 - - rrk
Lactose (%, w/w) 488 483 485 002 - 4.88 484 854 0.01 - 4% 448 457 005 * -
Fat (%, w/w) 4.01 4.20 416 0.02 - 3.74 4.19 4.090.14 4.78 4.9 4.77 0.10 - - ok
Total protein (%, wi/w) 3.37 329" 318 0.05 3.46 3.52 345 0.02 - 408 431 417 0.1% - b
True protein (%, w/w) 3.f7 3.09° 293 004 * 3.26 3.31 326 002 - 3.78 400 390 013 - ok
Casein (%, w/w) 259 256 246 002 * 2.61 2.68 262 002 - 3.03 321 310 0.08 - ok
Individual caseins (% milk casein)
Og-casein 42.3 42.7 40.3 11 - 374 37 394 2.2 39.3 39.41.0 0.69 - - *
Osp-casein 8.54 8.74 851 072 - 111 9.83 958 3.2 10.24.49 856 061 - - -
B-casein 32.4 32.2 339 11 - 31.8 33.2 338 33 324 928 312 114 - - -
K-casein 16.8 16.3 173 1.1 - 19.7 20.0 172 28 18.1 520 19.2 142 - - -
Casein number 76.8 77.8 78.0 0.81 - 75.4 76.2 75.0.35 74.2 74.5 74.2 0.46 - - **
Whey protein (%, w/w) 0.58 0.53 050 0.02 - 0.65 .640 0.65 001 - 076 079 080 0.06 - - ok
a-LacB-Lg 0.21 0.22 0.22 0.01 - 0.21 0.22 0.23 0.38 0.23.20 0.25 0.07 - - -
Casein:whey protein 4.47 4.83 492 020 - 4.02 941 4.03 0.17 - 3.99 4.06 3.88 0.14 - - **
NPN (% total N) 5.92 6.04 6.17 0.20 - 5.79 5.72 505. 0.09 7.15 7.28 6.49 0.81 - - -
Urea (mg 100 Q) 285 272 282 1.2 - 285 296 27.8  0.40 325 345 347 230 - - -
pH 6.70 6.74 6.72 0.02 - 6.69 6.65 6.67 0.01 646. 6.61 6.63 0.01 - - ok
Soluble protein (%, w/w) 091 097 084 0.03 * 1.06 1.07 1.01 0.02 - 1.53 1.6 1.49 0.08 - rhk
Soluble casein (% milk casein) 3.4 7.9 4.6 1.44 - 6.4 7.1 5.1 0.71 - 13.2 13.9 11.7 1.58 - - rrk

#H-DHA, M-DHA and L-DHA denote high-, medium- andWe DHA, i.e., 15.0, 14.4 and 11.8 kg dry matter paw, respectively. Early (EL)-, mid (ML)- and latiel)-lactation
correspond to March 16-April 19, April 27-August, Hhd September 1-November 2, when cows were 298083, and 205-267 days in lactation, respegtivéhlues within a
row relating to effect of DHA treatment in EL, MLt bL and not sharing a common lower-case supersdifetter differ significantly for effect of DHAjalues within a row
without a superscript do not differ for effect ofiB (P > 0.05). SED = standard error of difference betweeansP values denote statistical significance, where *** * and -
denoteP < 0.001, < 0.01, < 0.05 and > 0.5, respectivehe $tatistical significancé] for the effects of DHA in overall lactation, aflattation period (LP) across all DHA

treatments are also shown.



Table?2

Effect of reducing daily herbage allowance (DHAYidg early lactation on the elemental compositibmak in early-, mid- and late-lactaticdh.

ltem Effect of DHA treatment in different lactatiperiods Overall effects
throughout
lactation
Early-lactation (EL) Mid-lactation (ML) Late-lactation (LL) DHA LP
H- M- L- SED P H- M- L- SED P H- M- L- SED P P P
DHA DHA DHA DHA DHA DHA DHA DHA DHA
Ca (mg 100 'f,)) 121 128 122 31 - 126 130 124 1.7 - 143 142 144 21 - - x
P (mg 100 é) 927 983 927 3.0 - 91.6 92.6 914 11 - 98.7 102 101.7 1.7 - - *
Na (mg 100 'd) 36,6 395 368 11 - 41.3 41.6 40.5 0.36 - 55.0 58.2 56.9 22 - - x
Mg (mg 100 d) 10.8 114 11.4 0.11 * 10.8 11.2 11.0 0.15 - 134 13.6 14.0 0.18 - - x
Zn (ug kg'l) 4086 4212 4467 171 - 3957 4066 3859 939 - 4300 452F 4603 119 * - *
Fe (ug kg'l) 332 37¢P 276 19.1 * 304 375 323 50.7 - 295 262 274 249 - - -
Cu (ug kg'l) 98.3 1179 101 7.6 - 72.1 78.6 81.3 49 - 42.3 48.9 48.7 7.2 - - x
Mo (ug kg‘l) 296 312 339 267 - 45.4 46.2 450 14 - 445 448 45.8 35 - - >
Mn (ug kg‘l) 309 339 291 21 - 34.5 37.3 359 32 - 33.8 343 32.0 15 - - -
Se {ug kg'l) 8.9 9.2 9.2 0.29 - 14.7 15.7 151 0.39 - 16.2 17.8 17.4 1.2 - - i
Co (ug kg‘l) 0.75 0.71 0.83 0.03 - 0.52 0.71 0.60 0.01 - 0.88 0.74 0.80 0.02 - - *

#H-DHA, M-DHA and L-DHA denote high-, medium- andde DHA, i.e., 15.0, 14.4 and 11.8 kg dry matter paw, respectively. Early (EL)-, mid (ML)- and lafieL)-lactation
correspond to March 16-April 19, April 27-August, Hhd September 1-November 2, when cows were 2987083, and 205-267 days in lactation, respegtivéalues within a
row relating to effect of DHA treatment in EL, MLt L and not sharing a common lower-case supersatifetter differ significantly for effect of DHAjalues within a row
without a superscript do not differ for effect ofiB (P > 0.05). SED = standard error of difference betweeansP values denote statistical significance, where *** * and -
denoteP < 0.001, < 0.01, < 0.05 and > 0.5, respectivehe $tatistical significancé] for the effects of DHA in overall lactation, aflattation period (LP) across all DHA
treatments are also shown.



Table3

Effect of reducing daily herbage allowance (DHAYidg early lactation on rennet gelation and healitity of skim milk in early-, mid- and late-la¢tan. ®

ltem Effect of DHA treatment in different lactatigeriods Overall effects
throughout
lactation
Early-lactation (EL) Mid-lactation (ML) Late-lactation (LL) DHA LP
H- M- L- SED P H- M- L- SED P H- M- L- SED P P P
DHA DHA DHA DHA DHA DHA DHA DHA DHA
Rennet gelation
RCT (min) 13.0 13.3 140 15 - 15.3 15.5 154  0.63 12.4 11.7 12.3 0.10 - - *
GFRya (Pa &) 0.08 0.09 0.07 0.01 - 0.08 0.10 0.08 001 - 20.1 0.16 0.16 0.01 - - ok
10 (Pa) 1004 103.7 88.9 121 - 911 106.8 89.3  6.49 151.9 190.5 187.1 13.7 - - ok
Heat coagulation
time (HCT)
HCT 4 13.1 13.7 134 0.54 - 17.0 16.3 182 157 - 14.15.2 20.3 14 - - -
HCTmax 13.8 14.9 135 0.22 - 14.0 15.4 181 0.46 14.616.2 17.0 050 - - -
HCTmin 4.7 4.9 4.7 0.62 - 5.3 6.6 55 11 - 5.2 5.7 44 079 - - *

#H-DHA, M-DHA and L-DHA denote high-, medium- andde DHA, i.e., 15.0, 14.4 and 11.8 kg dry matter paw, respectively. Early (EL)-, mid (ML)- and lafieL)-lactation
correspond to March 16-April 19, April 27-August, Hhd September 1-November 2, when cows were 2987083, and 205-267 days in lactation, respegtivéalues within a
row relating to effect of DHA treatment in EL, MLt L and not sharing a common lower-case supersatifetter differ significantly for effect of DHAjalues within a row
without a superscript do not differ for effect ofiB (P > 0.05). SED = standard error of differenetvwieen mean$ values denote statistical significance, where *** * and -
denoteP < 0.001, < 0.01, < 0.05 and > 0.5, respectivehe $tatistical significancé] for the effects of DHA in overall lactation, aflattation period (LP) across all DHA
treatments are also shown. Abbreviations: RCT,etooagulation time; GFR,, maximum gel firming rate; &, gel firmness at 40 min; HGJy, HCT at natural pH; and HGJ
and HCT,, are the maximum and minimum heat coagulation tjimespectively, of the HCT/pH (6-2-7-2) curve.



Table4

Significantrelationships between milk composition and renméatgon or heat stability
characteristics.

Processing characteristic Compositional parameter orreation
coefficient (r)

Rennet gelation

RCT, rennet coagulation time Casein (%, w/w) -0%41*

GFRyax maximum gel firming rate Casein (%, w/w) +0.84***
Ca (mg 100 9) +0.70%**
P (mg 100 §) +0.62%**

G40, gel firmness at 40 min Casein (%, w/w) +0.82%**
Ca (mg 100 9) +0.72%*
P (mg 100 §) +0.65***

Heat stability

Maximum heat coagulation time, HGXL Lactose (%, wiw) -0.44**
Protein (%, w/w) +0.55***
NPN (%, w/w) +0.35*
Urea (mg 100 §) +0.50%**
Soluble casein (%, w/w) +0.40**
Soluble casein (% total casein) +0.37*

Heat coagulation time at natural pH, HT  Lactose (%, w/w) -0.31*
Protein (%, w/w) +0.35*
NPN (%, w/w) +0.38*
Urea (mg 100 §) +0.42%*
Soluble casein (%, w/w) +0.36*
Soluble casein (% total casein) +0.33*

@ The data set comprised 45 milk samples collectetiSodifferent occasions throughout the year from
three spring-calved herds on different daily hegballpwance in early lactation. Correlations were
obtained using simple linear regression analysily, melationships found to be statistically sigoéfint are
shown: *** P < 0.001; ** P < 0-01; *,P < 0-05. Positive and negative correlations betvta®en
parameters are indicated by a positive sign (+)aandgative sign (-), respectively.
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