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Formulation of Rations with Optimal Cations and Anions for Lactation

David K. Beede!
Department of Animal Science
Michigan Sate University

Summary and Conclusions

Based on published reportseva uating the
effectsof dietary cation-anion difference[DCAD:
meq (K + Na— Cl — S)/100 g of dietary DM] on
lactational performance of dairy cows, avauein
the range of +25 to +30 meq is effective and
sufficient to achievemaximum feed intakeand milk
yield. Considering all of the results currently
available, themagnitudeand differenceinlactationd
responsesisquitesmall over therange+20to +40
meg/100g DM. Less than +20 meq was quite
detrimental tolactational performanceand greater
the +40 meq was not significantly beneficial and
was even detrimental at higher DCAD
concentrations. Thus, aslong astheDCAD iswithin
the +20 to +40 meq range, little (or no) benefitis
expected by supplementing additiona cation (e.q.,
Naor K). Inlargepart, published resultsarefrom
experimentation with dairy cowsin mid- to late
lactation. Therearefew reportsof experimentswith
very highyiddingand (or) cowsinthefirs trimester
of lactation; such studiesunder these circumstances
would beuseful.

Whenreviewing andinterpreting published
research reports, summaries, or especially
advertisementsabout DCAD and supplementing
cations, it is very importance to consider the
following: 1) Isthe DCAD correctly caculatedin
thereport? Thisisnot alwaysthe case? 2) Isthe
DCAD reported or cited that for thefour-element
equation (DCAD4) whichincludesNa, K, Cl and

Sor thethree-element equation (DCAD3 such as
with Na, K and Cl)? Thiscan make considerable
difference (between 13and 19 meg/100 g of dietary
DM for dietswith 0.2t0 0.3% Sinthefour-element
compared the three-element equation) in
interpretation and setting of thetarget DCAD in
formulation. 3) What istheactua or predicted feed
intake associated with the particular DCAD and
concentrations of Na, K, Cl, and Sbeing studied
or targeted? Quoted concentrationsof DCAD, Na,
K, Cl and Sas"requirements’ arerisky inpractical
application in dairy nutrition without accurate
information about feed intake.

To evaluate and implement formulation
strategiesto achieveatarget DCAD severa points
are important. If the objective is to increase
DCAD4, thismight be done by reducing Cl and
(or) Scontributed by specific basal ingredientsor
supplements. After that consideration, the cations
Na and K are equally efficacious to increase
DCAD, and similar lactational performance is
expected if increased DCAD is targeted and
considered beneficial. Assuming that the actual
nutritiona requirements(gramsper day) for Naand
K are met already, the fundamental formulation
objectivetoincrease DCAD should beto usethe
cation sourcethat isleast cost onamilliequivalent
basis. Consideration also should be given to
reducing theamount of supplemental cation (K or
Na); thisisexcreted in greater amountsby the cow
and must be effectively recycled viacropsor other
means. ExcessiveK, Na, Cl, and Sinour dairy
farming systemsarecurrently potentia problems.

1Contact at: 2265K Anthony Hall, East Lansing, M| 48824, (517) 432-5400-office; FAX: (517) 432-0147, Email: beede@msu.edu.

This paper is adapted from an earlier version by the author.
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I ntroduction

TheDCAD hasbeenatopicof consgderable
research in dairy nutrition for the last 2 decades
(NRC, 2001). Much of the early work addressed
effectsof DCAD on periparturient Cametabolism
and metabolic hedth of trangtion dairy cows(Block,
1994; NRC, 2001). Over roughly the same period
of time, some but less research focused on the
effectsof DCAD onlactationd performanceof dairy
cows. Physiological influencesof DCAD onacid-
base homeostasis and mineral utilization are
reviewed and discussed el sawhere (Block, 1994).

Definitions

Intheearlier researchreportswith lactating
cows, DCAD was often expressed as the three-
element equation: milliequivaents(meq): (K + Na
— CI)/100 g of dietary DM. In this paper, this
caculationwill bereferredtoasDCAD3, whereas
DCADA4 will denote thefour-element equation of
meq: (K + Na- Cl - /100 g of dietary DM.
Whenever possible, theDCAD4 isused ascitedin
the report, or where the DCAD3 was reported,
the DCAD4 was calculated by me using the S
concentration reported, or inafew casesassuming
that S was supplemented to meet the cows’
requirements(e.g., 0.2% Sindietary DM whichis
equal to about 13 meq of $/100 g of dietary DM).
To covert dietary minera element concentrations
tomey100g of dietary DM thefollowing areused:
[(%K divided by 0.039) + (%Na divided by
0.023)] —[(%Cl divided by 0.0355) + (%S divided
by 0.016)], dry basis.

The Objectivesof thispaper aretoreview
the published reportson the effectsof DCAD on
lactational performance of dairy cows, to consider
if thereisan optimal DCAD based on published
information, and to consider severa questionsand
factorsrelated to DCAD inration formulation to
achieveoptimal lactationa performance.

Background and LiteratureReview on
DCAD inLactation

Thefactorid method, summing thegrams
of mineral element needed for maintenance,
lactation, growth, and pregnancy divided by the
absorption coefficient for thet particular ement was
used to estimatethetotd dietary requirement (grams
per day) of K, Na, and Cl (NRC, 2001). The
dietary recommendation for Swas set at 0.2% of
ration DM because insufficient information was
availableto usethefactoria approach. Asapoint
of referencefor theremainder of thediscussionin
this paper and based on current total dietary
requirements (grams per day) for K, Na, and Cl
for lactating cowswithmilk yidd (M Y) rangingfrom
5510120 Ib/day, the calculated DCAD3 is about
+29 meg/100 g of dietary DM; the DCAD4
(including the dietary recommendation for total S)
isabout +16 meg/100 g. Thesevaluesare 3to 4
meq/100 g DM gresater than those calculated using
NRC (1989) recommendations. Thereisno dietary
requirement of the cow for DCAD per seasitisa
“concentration expression”, just asthere are no
requirementsfor percentagesof K, Na, and Cl in
rationsfor lactating dairy cows.

DCAD inlactation rations; Research from
1995 and earlier

TheNRC (2001) provided asummary of
much of the research done prior to 1995, directly
addressing aspectsof macromineral eectrolyteson
lactationa performanceof dairy cowsandindirectly
the effectsof DCAD. The study of Tucker et al.
(1988) wasthefirst study (cool season) inwhich
DCAD intentionally was varied to measure
lactationd and physiologica responses. They varied
DCAD3 by atering theamountsof either cation (K
or Na) and the anion Cl. The DCAD3 treatment
values were -10, 0, +10, and +20 meg/100 g of
dietary DM. Treatment rationswere fed to mid-
lactation Holstein cows. Dry matter intake (DM 1)
and MY increased with increasing (more positive)
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DCAD3. Dry matter intakeand MY of cowsfed
theration with +20 meq DCAD3 weregreater than
that of cowsfed -10 meg. Theexperimenta design
and diet formulationweresuchthat reseercherswere
ableto differentiate among influences that each
element (Na, K, or Cl) tovary the DCAD3 might
havehad onDMI and MY. No differencesdueto
specific elements per se were detected. Authors
dtated that improvement inlactationa performance
of cows fed rations of greater DCAD3 was
independent of theeffectsof theindividua e ements
usedto ater the DCADS.

In another study (cool season) from the
University of Kentucky, Ghorbani et a. (1995)
variedthe DCAD4 (-11, +18, +55, and +76 meg/
100 g of dietary DM; DCAD vauesarecaculated
by mefromminera € ement concentrationvauesin
Table2 of thereport; calculated treatment DCAD
aredifferent fromthoseinthereport). The DCAD
treatments were fed in abasal ration (40% corn
silage: 60% concentrate, dry basis) to 12 mid-
lactation Holstein cowsinareplicated4 X 4 Latin
square design. Dry matter intake was lower for
cowsfed-11 or +18vs. +55 or +76 meq, 38.1 or
42.5vs. 44.7 or 44.9 |b/day, respectively. Actua
MY (unadjusted for solidscontent) waslower (51.9
Ib/day) for cowsfed-11 meq but similar (overal
average = 54 |b/day) among cows fed positive
DCAD over therangeusedintheexperiment. Yield
of 3.5% fat-corrected milk (FCM) waslower for
the-11 meq treatment compared with treatments
with +18, +55, or +76 meq (51.9 vs. 55.4, 57.2,
and 59.0 |b/day); FCM vyields of cows fed +18
and +55 meq weresimilar, aswerethose of cows
fed +55 and +76 meq; however, yield wasgreater
for cowsfed theration with +76 compared with
thosefed +18 meq. Fat content of milk increased
asDCAD increased when sodium bicarbonatewas
added and calcium chloridewasremoved fromthe
ration formulations. Milk protein content was
reduced for cowsfed the highest (+76 meg) DCAD
compared with that of cowsfed theother trestments.
Caution should beused in eval uating responsesin
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thisexperiment because the concentration of Na
(0.02%, dry basis) inthe-11 meq diet wastoo low
to meet the cows Na requirement, and the Cl
contents (0.06, 0.05, and 0.15%, dry basis) of diets
with thethree higher DCAD values, respectively,
likely did not meet thecows' Cl requirements(NRC,
2001) at thereported feed intakerates.

In another cool season experiment,
Delaguisand Block (1995) measured | actational
performance and physiological responses of 12
Holstein cowsin three stages of |actation. Within
early [25to 50 daysinmilk (DIM)], mid (107 to
137 DIM), and late (162 to 234 DIM) stages of
lactation, two DCAD4 treatments (n = 6 cows/
treatment/stage) were: +6 vs. +26; +14 vs. +37,
and, +20 vs. +38 meg/100 g of dietary DM,
respectively. Only DMI, MY, and milk composition
responsesare addressed here. Daily DMI of cows
increased with high vs. low DCADA4 treatments
within early-lactation [(35.6 vs. 33.4 Ib/day); 3.27
vs. 3.19% of body weight (BW); and, mid-lactation
(37.4 vs. 34.3 Ib/day); 3.25 vs. 3.03% of BW];,
values asapercentage of BW were calculated by
mefromresultsinthereport. Inlate-lactation, DMI
for low and high DCAD4 werenot different (37.0
vs. 39.2 Ib/day; 2.82 vs. 2.95 % of BW). Milk
yield responsesweresimilar to DMI responseswith
cowsonlow and high DCADA4 treatmentsyielding
40.3vs. 42.91b/day in early-lactation, 40.0vs. 41.6
Ib/day in mid-lactation; and no difference was
detected in late-lactation (32.8 vs. 33.7 |b/day).
Significant, but generally small differences, were
noted inmilk protein and lactose percentages and
yieldsduetoincreasing DCAD4in early and mid-
lactation. The DMI and MY responsesin early-
and mid-lactation to increasing DCADA4 are not
surprising. Thelowest DCAD in both stageswas
quitelow (+5.5[early] or +14.0[mid] meg/100 g)
for lactation diets and would be expected to
decrease performance based on reportsof Tucker
etd. (1988) and Sanchez et d. (1994a,b). Although
lactational responsestoincreasing DCAD4 were
noted in early- and mid-lactationinthisexperiment,
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overall DMI and MY of cows were atypical of
modern Holstein cows. Thus, the stage of lactation
dataand differences noted in this experiment do
not provide much insight as to whether early-
|actation cows (most generally presumed to have
higher MY and metabolic and nutrient demands)
may benefit from higher DCADA.

Based on aseriesof lactation performance
experimentsconducted during the 1980sin FHorida
with mid-lactation Holstein cows, Sanchez et a.
(1994a) conducted regression analysisto evaluate
DMI and MY responsesto varying DCAD. The
database (1022 cow-period treatment meansfrom
326 mid-lactation cows) included results of
individual cow-period DMI and MY and milk
compoditionfrom10 experimentsinwhich factoria
arrangementsof treatmentsincluded two or more
dietary concentrationsof mainly K, Na, Cl, Mg,
Ca, and P; Swas formulated and supplemented
(assulfate-salt) asneeded to achieve 0.2% Samong
all treatments and experiments. Dietary
concentrationsof themacrominera dementsranged
from below to above NRC (1989)
recommendations. The DCAD3 over all 10
experimentsranged from +6 to +61 meg/100 g of
dietary DM; thiscomputesto aDCADA4 of -7 to
+48 meg/100g.

Figure 1 displays the overall MY
(unadjusted for solids-content), 4% FCM yidld, and
DMI responsesof cowsover theexperimenta range
of DCADA4. Responseswere clearly curvilinear,
indicating that some optimal DCAD existed. For
both DMI and MY, maximum daily rateswere at
DCAD4 = +25 meg/100 g of dietary DM.
However, magnitude of thedifferencesfromlowest
to highest responses between +7 and +44 meq of
DCAD4wasquitesmdl; about 0.55 [b/day for DMI
and MY. Many (if not most) lactation rationsfor
mid-lactation dairy cowsfall withinthisDCAD4
range. However, when DCAD4 ranged from +25
up to +48 meg/100 g of dietary DM, DMI declined
about 1.1 Ib/cow/day and MY declined over 21b/

cow/day. When theempirical regression equations
describing optimal DCAD for maxima DMI and
MY wereevaluated against independent datafrom
theliterature (Tucker etd., 1988; West et al., 1991,
1992), reasonable agreement wasfound (Sanchez
etal., 19943a). Greatest average MY of cowsinthis
regression andysiswaslessthan 51 1b/cow/day and
maximum DMI was just over 48 |b/cow/day.
Therefore, it is not known if these results are
applicableto higher yieding and(or) earlier lactation
cows. Additionally, because of thedesired dietary
treatment concentrations of K, Na, and Cl inthe
origina experiments, thedistribution of much of the
data is well above the former NRC (1989) or
current NRC (2001) recommended concentrations
of these macromineral elements to meet
requirements. Thus, relatively high DCAD vaues
are associated with much of the data. How these
regress on responseswould comparewith adataset
inwhich the preponderance of datamore closely
bracketed DCAD concentrations approximating
recommended NRC (2001) concentrationsfor K,
Na, Cl, and Sisnot known.

Similar evaluationswith sufficient datato
model optima DCAD onlactationa performance
of early-lactation and highyielding dairy cowshas
not been reported. Also, the question of whether or
not it makes any difference whether K or Nais
used to increase DCAD has not been answered
adequately for cowsat any stage of lactation. The
studies of Tucker et al. (1988) and West et a.
(1991) indicate that increasing either K or Na
concentration (typically by adding abicarbonateor
carbonatesalt of Naor K), either of which changes
DCAD, resultedinsmilar lactational responses.

During heat stress conditions

Esbanosaet d. (1984) found that increasing
the DCAD3 from -14 to +35 meq during Texas
heat stress increased feed intake and MY. Of
course, itisnow known that feeding negetive DCAD
compared with positive DCAD isdeleteriousfor
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lactating cows, regardlessof theclimatic conditions.
Subsequently, West et al. (1991) reported similar
improvementsin DMI and MY, when different
amounts of either K or Nawere used to achieve
thesame DCAD3 (West et d., 1992).

Sanchez et al. (1994b) conducted
additiond regresson andysisusingthelarge dataset
described previously. Specifically, the optimal
DCAD wasevauated at which maximal DMI and
4% FCM vyield were achieved during warm and
cool seasons. Resultsof theseregression analyses
areinFigure2. For both DMI and 4% FCM yield,
optima DCA D4 wasabout +22 meq for thewarm
season and about +30 meg/100 g of dietary DM
for the cool season. Over therangeof DCAD vaues
inthedataset, DMI and 4% FCM yieldwere 10to
17% lessinwarm weather than cool weather.

DCAD in Lactation Rations; Resear ch after
1995

Rocheand coworkersworkinginAustraia
and New Zedand studied the DCAD of rationsfor
late pregnant nonlactating (Roche et al., 2003c;
2002) and lactating dairy cows (Roche et al.,
2003a,b) in pasture-based systems. In their first
lactation experiment, early-lactation cowswerefed
individually arationtypical for early-lactationin
southeastern Austraiaof 11 1b of dry rolled barley
plusad libitum pastureforage (cut-and-carry for
the experiment). The DCAD4 was varied by
drenchingindividua cowstwicedaily after milking
with appropriate amounts of magnesium sulfate,
magnesium chloride, and(or) sodium bicarbonate
(Roche et al., 2003b). The final DCAD
concentrationsof the experimentd treatmentswere
+21, +52, +102, and +127 meg/100 g of total
dietary DM, with five cows receiving each
trestment. ASDCAD increased from +21 meg, DMI
declined (tendency: P <0.1), average daily body
weight gain, and milk protein production declined,
however, concentrations of milk fat, protein, and
lactosewere unaffected by varying DCAD. There
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wasanon-significant trend (55.9, 54.1,54.3,51.0
Ib/cow/day) for reduction in MY as DCAD4
increased from +21, +52, +102, and +127 meq,
respectively. Milk proteinyield declined nearly 20%
asDCAD4 increased from +21 to +127 meg/100
gof dietary DM.

Intheir most recent experiment, Roche et
al. (2003a) evaluated | actational performance of
early-lactation cowsin apasture-based system. In
New Zedand, the DCAD of theration may range
from 0to +100 meq/100 g DM depending onthe
particular pastureand fertilization scheme. However,
the effectsof different DCAD concentrationson
lactationa performanceand acid-base statuswere
not adequately characterized. Holstein-Friesian
cows (n = 36) were grazed together and forage
intakewasestimated for individua cows. Average
basal concentrationsof K, Na, Cl, S(% of DM),
and DCAD4 were 3.74,0.30, 1.10, 0.36, and +55
meg/100 g DM during the 5-week study. One of
four experimental treatmentswas delivered twice
daily by drenching individual cows randomly
assigned to recel ve supplementscontaining varying
amountsof sodium bicarbonate, and magnesumand
caciumchloridestoater DCADA4. Theactud fina
DCAD4 treatments (from pasture intake plus
drench) were+23, +45, +70, and +88 meg/100 g
DM, these values, based on re-calculation, are
different thanthoselisted in the abstract (persona
communicationwith J. R. Roche, 2003). Dry matter
pastureintake (overall average= 37.41b/cow/day),
yield of milk (overal average=57.1 |b/cow/day),
yield and concentrationsof milk proteinand lactose,
BW gain, and body condition score(BCS) change
wered| not affected by increasng DCADA4. There
weresmall significant linear increasesin milk fat
percentage (3.96 to 4.22%) and fat yield (10%
increaseoveral) withincreasing DCAD. Systemic
acid-base status was affected as reflected by
increasesin blood pH, bicarbonate, base excess,
and urine pH as DCAD increased. The authors
concluded that overall lactational performance of
early-lactation cowswasnot affected over thiswide
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range of DCADA4 in this pasture-based system.
There certainly wasno suggestion that increasing
DCAD4 above+23 meg/100 g DM wasbeneficia
to overal lactational performance, except for the
slight risein milk fat percentage and yield with
increasng DCADA4.

Sanchez et al. (2002) reported in an
abstract someresultsof fivefieldtrials(eachina
separate herd) conducted by splitting the high herd
cowsinto two groups (n/treatment group = 85to
145) in four commercial dairy farms and one
university herd. Trialswere conducted in non-heat
stress conditions. In each dairy, two different
DCAD4 werefed to each group with one DCAD
treatment as Control and the other some higher
DCAD (Treatment) resulting from removal of Cl
(inonetrid), additionof K (inthreetrids), or addition
of K andNa(inonetrid). Themagnitudeof increase
in DCAD between Control and Treatment for the
fivetridswas+6, +8, +5, +10, and +6 meg/100 g
of dietary DM. Becausethesewerefiddtrias, cows
weregroup-fed soinformationisnot avail ableabout
DMI for gatigtica andysis. Theactua MY or FCM
yields were not reported (e.g., the high group
average pre-trial or treatment averages after
gpplication of Control and Treatment); however, the
magnitudeof differencebetween DCAD treagtments
within each farmwaslisted in the abstract. Intwo
of thefivetrids, therewasanincreaseinactuad MY
(unadjusted for solids content) with increasing
DCAD; inthesetwotrids, the Control DCAD was
18 or 19 meq and it was increased to 25 or 26
meg/100 g DM, respectively. In threetrials, no
responsein MY toincreasing DCAD wasdetected;
inthese cases, the Control DCAD was 38, 25 and
33 meg/100 g DM before being raised to ahigher
valuewith K and(or) Nasupplementation. In one
of thefivetrials, fat yield wasincreased (0.4 Ib/
cow/day) by increasing DCAD from 25to 35 megy
100g DM (milk fat% was not reported in the
abstract). Fat-corrected MY also wasincreased
by 5.6 Ib/cow/day inthistria inwhich DCAD was
increased by supplementing some combination of

K and Nasdlts; unadjusted MY actually was2 b/
cow/day lesswiththehigher DCAD Treatmentin
thistrial. Inthetwo other trials, FCM yield was
increased by 3.0 (by reducing dietary Cl) or 3.3
(by adding K) Ib/cow/day by increasing DCAD. In
theother two of thefivetrias, unadjusted MY, fat,
and FCM yieldswere not affected by increasing
the DCAD from 38 to 43 meq or 33 to 39 meg/
100 g dietary DM; K (5 of DM) was increased
from 1.52t0 1.80% in onetrial and from 1.50 to
1.70%intheother trial.

In summary, the five trials reported by
Sanchez et al. (2003) suggest that: 1) increasing
DCAD by removing Cl, or adding Naor(and) K,
was efficaciousespecially in situationswhen the
Control DCAD wasintherange of 18 to 25 meg/
100g DM (low end of therange of thesefivetrids);
and 2) lactationa responseswerenot detected with
supplementing additiona cationswhen the Control
DCAD wasgreater than 25 meg/100 g of dietary
DM.

Recently, Huand Murphy (2004) presented
a meta-analysis of 12 studies from published
research reportsinvolving 17 tridsinwhichDCAD
was varied in rations for lactating dairy cows.
Depending on the variable evaluated, datafrom
between 35 and 54 dietary treatments were
evauated by regress on analyssusing mixed model
statistical procedures. Average MY for theentire
dataset was 51 Ib/cow/day and ranged from 33to
791b/cow/day. Themgority of datawerefrommid-
lactationdairy cows. Theoverall average DCAD3
(asreported) was+26 and ranged from -19to +64
meg/100 g of dietary DM. Theaveragedietary S
concentrationamong dl dietswas0.33% and ranged
from 0.11t00.91%, dry basis; but, itisnot possible
fromthereport to relate specific S concentrations
with specific DCAD reported by the authors.
Therefore, to provideaDCADA4 for comparison, a
S concentration of 0.2% or the NRC (2001)
recommendation wasassumed whenreferencing a
DCADA.
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For the entire dataset, DM | wasmaximal
when DCAD4 was+28 meg/100 g of dietary DM.
Highest MY (unadjusted for solids content) by
regression anaysis was found when DCAD4
equaled +22 meq, whereas 4% FCM yield was
greatest at +37 meg. Themagnitudeof thedifference
in4% FCM yield determined by regressonandysis
between DCAD4 of +25 and +60 meg was quite
small, about 1.5 Ib/cow/day over theentirerange.
Interestingly, because DCAD isconsidered amagor
factor affecting systemic acid-base status, Huand
Murphy (2004) eva uated therel ationship between
DCAD and blood pH. Normal physiologic blood
pH istightly controlled intherangeof 7.38t07.42.
Based on their regression analysis, cows fed
DCAD4from+7to+27 meg/100 g of dietary DM
had blood pH within that normal range.

Theresultsof thework of Huand Murphy
(2004) using a different database (all different
experiments) compared with that of Sanchez et al.
(19944) and provide similar conclusionsabout the
DCAD4 for overall optimum lactational
performance of mid-lactation dairy cows. Theone
exception being at somewhat higher DCAD for
maxima FCM yieldintheHu and Murphy (2004)
analysiscompared with theanaysisof Sanchez et
al. (199449).

During heat stress conditions

Researchers in Georgia continued to
evduatethepossbleeffectsof DCAD onlactationd
performanceduringwarmwesther (Wildmanetd.,
2002, 2003, 2004; West, 2003). In one study,
mid-lactation (188 DIM) cowswerefed rationsfor
80 days with DCAD4 of 30 vs. 45 meg/100 g
dietary DM, factored with varying dietary ratiosof
K-to-Naof 2-to-1, 3.5-to-1, or 5-to-1. No main
effectsor interactionsamong DCAD or K-to-Na
ratioson DMI, energy-corrected MY, or milk fat
or protein percentages were detected. Based on
blood and urine measurements taken during the
study, authors suggested that sufficient blood
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buffering capacity existed, even with the lower
DCAD4 (+30 meq) dietary treatment because
additiona cation and bicarbonatewereexcretedin
urine.

In another Georgia study, late-lactation
cows (225 DIM) were used in a 6-week study
during hot weether witha2 x 2 factorid arrangement
of DCAD3 (+25vs. +50 meg/100 g dietary DM)
and dietary crude protein (CP) concentrations (15
vs. 17%, dry basis). There was atendency for a
DCAD3 X CPinteractionfor MY, with +50 meq
DCAD resultinginlower MY (61.2 |b/cow/day)
than +25 meq (69.8 |b/cow/day) with 17% CP (P
<0.09), but thisdifference was not detected with
15% CP. No differencesbetween trestmentswere
observed for DMI or milk protein percentage; milk
fat percentageincreased with greater DCAD3 and
by higher CP percentage.

Following on previouswork, Wildman et
a. (2004) reported an additional study inwhichthe
DCAD3 was +25 or +50 meg/100 g of dietary
DM. Eight mid-lactation Holstein cows (180 DIM)
wereusedinareplicated 4 x 4 Latin squarein late
summer andfdl. The DCAD treatment wasfactored
withtreatmentsof 33 vs. 42% rumen undegradable
protein (RUP; asapercentage of CP). Therewas
no main effect of DCAD3 on DMI or FCM yield.
However, therewasaninteraction of DCAD3with
RUP content in that cows had greater DMI and
FCM yield at higher compared with lower RUP
when fed higher DCAD3 (+50 meq). However,
therewere no benefitsto increasing RUP within
treatmentsfor +25 meq DCADS.

K, Na, Cl, and SConcentrationsand DCAD
of Selected Feeds

A fairly common comment fromthefield
nowadaysisthat theK percentage of many forages
Is quite high and also that the Cl percentage is
oftentimes higher than previoudy assumed based
on“book” values. It al'so has been suggested that
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the concentrationsof Cl haveincreased gppreciably
compared with previousvalues. Certainly, it has
become more common to analyze Cl content of
feedssinceincreased attentionispaidto DCAD in
ration formulation. Table 15-3 of the NRC (2001)
providesmineral element composition from recent
|aboratory analyseswith estimates of variability
withinfeed.

Fertilization using KCl (potash) on grass
(including cornfor silage) and legumefieldsfor
mechanically harvested hay and haylage and for
pastureiscommon to stimulate plant growth and to
increase stand longevity in cold climates. Theredso
istheideathat perhapsthe concentrationsof K and
Clinforagesarecorrelated.

Toexamineand hopefully better understand
the profiles of the macromineral elements of the
DCAD equation, werequested and were provided
feed andys sdatafrom four commercid feed testing
laboratoriesintheU.S. Thetota original database
(called New database henceforth) included 95,490
individual feed sampleswith complete or partial
analyses. For thisreport, partia chemica andyses
of 12 foragesand 5 concentrate feeds commonly
usedindairy rationsare presented for comparison
and evauation (Table 1). Presented are comparable
macromineral, fiber component, and CPanalyses
[mean, N = number of analyses in mean, and
standard deviation (£SD)] asdetermined fromthe
New database and reported in NRC (2001), where
availablecomparabledatafrom NRC (1989; 1978)
asoarelisted.

Severa genera observationscan bemade
fromtheinformationin Table 1. Evenwith large
numbersof foragesampleandyses(e.g., from about
1,000 to over 30,000) for each feed, there still are
appreciabledifferencesin mean concentrations of
somee ementsamong the New databaseamd NRC
(1978; 1989; 2001). Thisfact accentuatesthe need
for nutrient anaysesof thespecificindividua forages
being usedin each dairy farm. Without chemical

analyses of theforagesuniqueto thefarm, there
would not seem to be much reason or benefit to
trying to achieve a specific targeted “optimal”
DCAD informulation. Oneeasily could be off by
10to 20 meg/100 g, or more, for thetotal diet if
using book vauesversusactud andyses. Ingenerd,
as one would expect, the DCAD is appreciably
more positive for the forages listed than the
concentratefeeds (Table 1).

In comparison to valuesfor NRC (2001),
overall many of the Navaluesfor foragesin the
New database are higher. Thereasonfor thisisnot
known. The K, Na, CI, S, and DCAD
concentrationsfor corn silagewere quitesimilar
among sources of analyses. However, the
concentrationsof Cl intheNRC (2001) for legume
(alfafa) hay and grasshay are quitealot higher
than found in the New database. Other major
differencesinminera element concentrationsexist
among thedifferent sourcesof andyticd information.
This again, emphasizes the need for actual
laboratory analyses if DCAD is an important
consideration in ration formulation. To obtain
accurate information about mineral element
concentrations, analyses must be done by wet-
chemistry analysis and not by near infrared
reflectance spectroscopy (NIRS) (Shenk and
Westerhaus, 1994).

Another evaluation of interest with respect
tothe DCAD of feedsisto better understand what
macromineral elements/values in the DCAD
equation havethemost influence onthe calculated
DCAD for specificfeedsintheNew database. Table
2 presentsthe proportion of thetotal variationin
caculated DCAD vauethat isassociated with each
macrominerd eement intheequationfor eachfeed.
For exampl e, based onthe eva uation of datainthe
New databasefor oatlage, K isresponsiblefor 49%
of the variation of the calculated DCAD value,
whereas Na and Cl have smaller (27 and 22%,
respectively) influences; theinfluenceof Sisquite
small. Incontrast for oat hay, K hasrdatively minor
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influence (17%), whereas Na and Cl have
gppreciableand greater influencesonthecalculated
DCAD. Overall, Sdoes not account for much of
thevariationin calculated DCAD except for wet
brewersgrains. Thisinformation may beuseful in
cropfertilizationand rationformulationtoassistin
targeting certain feeds for certain management
groupsand classes of cowsif consideration of or
targetingfor aparticular DCAD isanobjective. The
valueslistedin Table2 ARE NOT coefficientsto
be placed in front of each element inthe DCAD
equation.

Ration Formulation and DCAD: Questions
and Considerations

Isthere an optimal DCAD for rations of
lactating dairy cows?

As a point of reference, the DCAD4
resulting from formulating rationsto meet NRC
(2001) requirementsfor K, Na, Cl and Sisabout
+16 meg/100 g dietary DM. Based on available
published research reportsfrom 1984 through 2004
and meta-analyses (Sanchez et al., 1994a,b; Hu
and Murphy, 2004) evaluating a number of
lactationd performanceand physiologica variables,
theoptima DCAD for lectationrationsisintherange
of +25t0+30 meg/100 g of dietary DM. Theone
exception is that FCM yield was maximum at
+37meg/100 g in the meta-analysis of Hu and
Murphy (2004). Though, showing relatively small
differences DMI andMY respondedinacurvilinesr
fashion with the gradual decline beginning when
DCAD4 exceeded about +30 meg/100 g of dietary
DM (Figures 1 and 2). Thismay be apalatability
issue (versus metabolicissue) associated with the
supplementd saltsinthesetotaly mixed rations. A
amilar depressonin DMI wasnot noted when dlts
weredrenchedto eevate DCAD beyond +23 meg/
100g DM (Rocheet al., 2003).

Thisentirebody of informationontheeffects
of DCAD on lactational performance and aclear
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definition of an optima DCAD(s) suffersfromlack
of adequate research with high yielding cows.
Nearly al of the experimentsweredonewith mid-
to late-lactation cows. Few research results are
reported comparing different DCAD withtruly high
producing and/(or) early-lactation dairy cows.
Doubtless, thisisthephysiologica statewhereone
could mogt justify the hypothesisthat higher DCAD
might be efficaciousto support homeostasisinthe
faceof higher metabolic acid production associated
with elevated lactation.

Can DCAD be too high or too low?

A number of experimentscited inthispaper
in which arelatively wide rangein DCAD was
studied demonstrated that DCAD can betoo high
or too low. Based ontheentirebody of information,
it seemscertain that DCAD4 of greater than +40
meq or less than +20 meg/100 g of dietary DM
should beof concern. The DCA D4 of rationsbased
on NRC (2001) nutrient requirements (about +16
meg/100 g DM) could benefit from small additions
of cation sources, such as feed-grade sodium
bicarbonate or potassium carbonate. AsDCAD4
gpproached zero or negativeva uesamong reported
studies, lactational performance was affected
deleterioudy.

To increase DCAD, isNa or K the better
choice?

Thepractical choicestoincrease DCAD
are sodium bicarbonate or potassium carbonate.
Sodium carbonate and potassium bicarbonate also
have been eva uated sparingly in experiments, and
ingenera, did not appear sufficiently efficaciousor
areconsidered too expensivefor feeding to dairy
cows. Thereisno clear-cut evidenceinthepublished
reports to support that sodium bicarbonate is
superior to potassum carbonateto increase DCAD
and lactational performanceof dairy cows, or visa
versa. Most typically indairy rationsinthe U.S,,
Na is more likely to be marginally deficient
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compared with K, which may indicate its
consideration asfirst selectionin formulationto
increase DCAD. Doubtless, to increase DCAD,
thefundamenta formulation question boilsdownto
which cation sourceis the best buy (best value)
onamilliequivalent basis, not on aweight basis,
and secondly, whicheement (Naor K) ismogt likely
to be (marginally) deficient for |actating cowsand
result in less excretion which can not be captured
and recycled effectively viacropsor other means.

Is optimal DCAD different in cool vs. hot
weather?

Based on the available published reports
from Floridaand Georgia(Sanchez et al., 1994b;
Wildman et a. 2002, 2003, 2004), there is no
convincing evidence that DCAD should be
increased during heat-stress conditions compared
with non-heat stress. Overal, optimal lactational
performanceduring hot weether occurred withinthe
range of +25t0 +30 meg/100 g of dietary DM.

Doesrate (level) of MY affect the optimal
DCAD for lactation?

Thehighest averageMY of any treatment
in the reports reviewed was 69 |b/cow/day.
Therefore, thisquestion has not been adequately
addressed by controlled research. Additional
informationwould beuseful. Inastudy by Mooney
andAllen (2002), 40 higher yielding Holstein cows
(average MY during the experiment = 85 |b/cow/
day) werefed dietary trestments supplemented with
sodium bicarbonate, sodium chloride, potassium
bicarbonate, or potassium chloride. Therewereno
differencesinfeedintakeor MY among cowsfed
any of thedietary treatments.

KeystoPractical Ration Formulation
1. AnalyzetheK, Na, Cl, and S contentsof all

feedingredientsused inrationformulation by
wet-chemistry analysisto insure accuracy.

The contents of theseelementsarevariable
withinfeedtype, especidly for forageswithin
andamong farms, and areheavily influenced
by fertilization practicesand other agronomic
and weather-rel ated factors.

Inration formulation, thefirst step should be
tomeet therequirementsfor K, Na, Cl (grams
per day) and S (percentage) (NRC, 2001).

. Next, check the DCADA4 of the resulting

formulation. If it fallsbetween +25 and +30
meg/100 g dietary DM, the DCAD iswithin
the optimal range based on published reports.
Additiondly, if theDCAD4 iswithin+16to
+40 meq, quitesmall (negligible) differences
inDMI or MY would be expected.

If the DCADA4 is considered too low and

needsto beincreased, the primary driver of

how much cation must be added to achievea
particular “DCAD target” islargdly influenced
by basdl diet Cl concentration, andto alesser
extent Sconcentration. Many common feeds
may haverelatively high Cl concentrations
(Table 1). It is important to note that 0.1
percentage units of Sin the diet has about
twicetheimpact to affect the DCAD value
asdoes0.1 percentage unitsof Cl. However,
common basal feed ingredients typically
contain considerably moreCl than S.

If the basal DCAD4 is low, the first
formulation srategy toincrease DCAD might
be to remove some Cl or S (i.e., high Cl-
containing or high S-containing supplements
or feeds).

. Onceanionremovad isaccomplished asmuch

aspractically possible, the DCADA4 of the
basal ration can be increased by
supplementation with feed grade sodium
bicarbonate or potassium carbonate. There
is no published research conclusively

May 2 and 3, 2005

Tri-State Dairy Nutrition Conference



indicating that one cation issuperior to the
other toincrease DCAD for lactating dairy
cows. Thatis, amilliequivaent of K or Nais
essentialy equal to adjust DCAD, assuming
that the nutrient requirement (gramsper cow
per day) of each element has been met.
Therefore, the one selected to increase
DCAD should bethe sourcethat providesa
milliequivalent of cation at theleast cost.

7. Finaly, there are no “requirements’ for
concentrationsof Na, K, Cl, or DCAD. Itis
important to remember that high producing
cowstypically consumemorefeed thanlower
producing or later lactation cows. Therefore,
evenfedthesame DCAD, higher producing
COwS consume more equivalents of cations
(Naand K) to help maintain homeostasis.
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Table2. Proportion (%) of total variation (R?) of cal culated dietary cation-anion difference (DCAD)
associated with each variable (cation or anion) inthe DCAD equation for variousfeedsin the database®.

111

Feedgtuff K Na d S
___________ R2-ccmmcmmemon

Forages

Cornslage 59 20 18 2
Legume(dfafa) hay 56 10 25 8
Legume(dfafa) haylage 61 4 31 4
Grasshay 52 19 22 7
Grasshaylage 67 4 25 4
Barlage 22 54 22 2
Oat hay 17 38 44 1
Odlage 49 27 22 2
Triticaledlage 53 5 41 1
Whestlage 68 12 19 1
Sorghumslage 58 4 36 2
Rydage 61 2 34 3
Concentrates

Barley 14 71 8 6
High moistureear corn 68 3 17 12
High moistureshelled corn 59 11 16 14
Soybean medl 70 2 16 12
WEet brewersgrains 22 4 11 63

3DCAD =meq(K + Na—Cl -S)/100 g of dietary DM. Thevalueslistedin Table2 ARE NOT coefficients

to be placed infront of each e ement inthe DCAD equation.
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Figurel. Milkyied(MY), 4%fat-corrected MY (4% FCMY ), and DMI responsesto mid-lactation
Holstein cowsto varying DCAD4 (DCAD =dietary cation-anion difference)
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Figure2. Dry matter intake (DM ; A) and 4% fat-corrected milk yield (4% FCMY;, B) of mid-lactation
Holstein cowsfed varying DCAD4 (DCAD = dietary cation-anion difference) during cool and warm
seasonsin Florida(Sanchez et ., 1994b).
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