When are Chelated Minerals Justified?

Robert J. Harmon

There is increased interest in micronutrient nutrition in modern dairy and beef operations. The
primaryreasons are the associ ations established withmicronutrient status and immunity, diseaseres stance,
and reproduction. Selenium, vitamin E, copper, and zinc, inparticular, have been shown to play arolein
some or dl of these physiologicd functions (Harmon et d., 1994; Kdlogg ,1990; Scaletti et d., 1999;
Smithet a., 1985; Smithet d., 1984; Xin et d., 1991). Of courseclinica deficienciesmay be problematic
for proper growth and production, but subclinica or margind deficiencies are now widely recognized as
alimitingfactor for optimum immune function, disease resistance, and perhaps reproductive efficency. An
areaof micronutrient nutritionthat has received increased attentionisthe inclusonof organic trace minerds
asaportion of the minerd supplement.

Why Organic?

The basic reason for the use of organic forms of trace mingds is the reported increased
bioavailability of organic vsinorganic sources of the mineras. Although published reports have been quite
variable when comparing organic and inorganic minerd availability, some evidence exists for advantages
to supplementation with organic minerds. Clark et d. (1993) showed that beef cattle supplemented for
84 d with equal amountsof Cuinthe formof Cu proteinate, Cu sulfate, or Cu oxide had liver Cu contents
of 79.3, 56.8, and 34.3 mg/kg DM at the end of the supplementation period. These cattle had received
Cu oxide previoudy, but dill showed dgns of Cu ddficiency. Cao et ad. (2000) evaluated eight
commercidly available organic zinc products for relative bioavailability in chicks or lambs. In lambs,
bicavallability estimates rdaive to 100% for Zn sulfate were 130, 110, and 113 for one Zn proteinate
product, Zn amino acid chelate, and one Zn methionine product, respectively.

In generd, it gppears that organic trace mineras are useful and provide some advantage in
gtuations invalving antagonigtic minerds, e.g. highlevdsof Mo, S, Fe, or Zn interfering with the availability
of Cu. Water quality mugt be considered whenmineral antagonists are suspected. Organic mineras may
beindicated inthe following Stuations. 1) dry period of dairy cattle, 2) periparturient dairy cattle, 3) during
stress (calving, transport, dramatic changes), and 4) in advance of breeding (30 to 60 d). Nockels et al.
(1993) showed in stressed cattle that calves fed Cu lysine had 53% greater apparent Cu absorption and
increased Cu retention compared with calves fed Cu sulfate. Numerous controlled studies or fidd trids
have been run to evauate the impact of organic minerds on somatic cdl counts (SCC) in milk and udder
hedth.

Organic Minerals, Magtitis, and Somatic Cell Counts

Studies at the University of Kentucky (Harmonet d., 1998) eva uated effects of Cu proteinate on
copper satus, udder infections of heifers at calving, and responseto E. coli J-5 vaccination. Thirty-one
primigravid Holstein heiferswere maintained onabasal (6-7 ppm Cu; -CU) diet or diets supplemented (10
ppm) with either copper proteinate (CUP; Bioplex, Alltech, Inc.) or copper sulfate (CUS) beginning 120
d prepartum through about 60 d of lactation. All animas are vaccinated with E. coli J-5 bacterin at -60

2000 Kentucky Ruminant Nutrition When are Chelated Minerals Justified
Pages 47-54



d, -30d, and a caving. Liver biopsesand blood sampleswere taken during the trid for liver and blood
minerds and plasma ceruloplasmin (Cp). Serum was anadyzed for titersto E. coli J-5. Table 1 shows
mean liver Cu anadyses throughout the trid. The CUP supplement showed an advantage over CUS at
restoring Cu stores, particularly at the critica periparturient period. Liver Cu was

Tablel. Mean liver copper levels in heifers with no Cu supplementation (- CU) or
supplementedwith 10 ppm copper proteinate (CUP) or copper sulfate (CUS) from 120
d pre-to 60 d postpartum.

Dietary supplementation
ppm DM*
- 120 68.4 59.1 62.2
-90 77.2 116.7 130.3
- 60 87.7 164.3 184.8
-30 103.8 236.9 2094
Cdving 99.3 291.3 2253
30 132.5 307.3 2475
60 93.3 280.1 306.9

IN; -CU=10, CUP=10, & CUS=11.

higher (P<.07) inthe CUP group thaninthe CUS group at caving. Interestingly, evauation of overal mean
liverand plasma Cu contents and plasma Cp activitiestend to support the ideathat organic Cusupplements
have increased bioavailability over that of inorganic formsin periparturient heifers(Table 2). As expected,
the overal mean liver Cu was about 2-fold higher inboth CUP and CUS groupsthanthat in-CU animals.
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Table2. Overal mean (xSEM) liver and plasma Cu contents and plasma ceruloplasmin
activitiesinhefersthat r eceived no copper (-CU), copper proteinate (CUP), or copper
aulfate (CUS) supplementation 120 d prepartum to 60 d postpartum.

Dietary supplementation'
Farameter -cu CUP cUS
Liver Cu (ppm)? 81.4+7.6 169.6+14.9 173.6+13.4
Plasma Cu (2g/ml)® 73+.01 75+.01 73+.01
Pasma 60.3+2.0 60.8£2.4 65.4+2.3
Ceruloplasmin (IU/L)?

& Significant treatment effect, P<.01.
b Significant treatment effect, P<.02.

However, plasma Cu was highest (P<.07) in CUP animals, especidly at caving (Table 3). Thisisin
contrast to Cp activities which only responded to the CUS (Table 3).

Table3. Plasma Cu contents and plasma ceruloplasmin (Cp) activitiesin heifers that received
no copper (-CU), copper proteinate (CUP), or copper sulfate (CUS) supplementation
120 d prepartum to 60 d postpartum.

Daysréelative Plasma Cu (?g/ml) Plasma Cp (1U/L)
to calving
-CU CUP CUS -CU CUP CUS
-30 0.69 0.74 0.65 51.7 63.5 61.4
0 0.90 1.05 0.89 77.1 82.9 83.9
30 0.76 0.82 0.83 58.7 63.8 81.3
60 0.70 0.75 0.76 57.8 62.8 87.3

Cp is reported to be the mgjor Cu trangport protein produced in the liver. The blood Cu and Cp data
suggest the CUP can affect plasma Cu leves without marked simulation of Cp. The suggestion is that
CUP may be taken up and/or transported via a different mechanism than inorganic forms of Cu.

Table 4 gives asummary of infection satus at caving for dl 31 heifers. A higher proportion of
quarters were confirmed uninfected and fewer were infected with coagulase-negetive staphylococci
(condgdered a minor pathogen) in CUP (P<.01) compared with -CU and CUS groups. The higher
percentage uninfected quartersin CUP-supplemented heifers compares with previous studies at Kentucky
which showed smilar results when 20 ppm copper sulfate was supplemented in the diets of prepartum
heifers. Although CUP and CUS animals had higher (P<.05) percentage quarters infected with mgor
pathogens than the -CU group, only 5, 5, and 1 infection were present in CUP, CUS, and -CU groups,
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repectively. Priminary results of titers to E. coli J-5 do not suggest an obvious advantage among the
dietary trestments.

Dataaddressing the specific mechanisms of Zn in resstance to medtitis are limited. Zndeficiency
in ruminants has been postulated to weaken skin and other dratified epithdia (i.e. keratinocytes) as well
as reducing the magnitude of increase of basal metabolic rate following infectious chalenge (reviewed in
Suttle and Jones, 1989). Because the mammary gland is essentidly
askin gland and the importance of the keratin lining of the streak canal inpreventionof infection is known,
speculation that Zn supplementation may enhance resstance to madtitis is tempting. Mogt sudies in this
area have focused on reduction of SCC during supplementation of organic forms of Zn. Kellogg (1990)
summarized results of eight trids evaluating effects of Zn-methionine compared withequivdent amounts of
Zn oxide and methionine. Overall, supplementation of Zn-methionine (180 or 360 mg Zn, 360 or 720 mg
methionine) resulted in 22% decrease in SCC whenfeeding the lower levd. Feedingthehigher leve of Zn-
methionine lowered SCC by 50%. However, decreased SCC were not observed in another study of Zn-
methionine supplementation.

Table4. Quarter infection status (% quarters) of heifersat calving (d 1-3) that received no
copper (-CU) supplement or supplementationwith10 ppm copper as proteinate (CUP)
or sulfate (CUS) for 120 d prepartum.

Bacteriological Dietary supplementationt

reslts -cu CUP cUS
Negative 4752 67.5° 4552
CNS 27.5% 7.5° 31.8°
Major pathogens 2.5° 12.5¢ 11.4°
Other 0 5.0 2.3
Undassified? 20.0° 2.5 9.1°
Mixed infection 25 7.5 4.5

CNS = coagul ase-negative staphylococci.

Major pathogens = S. aureus, Streptococcus spp. and coliforms.

1. CU =10 cows;, CUP = 10 cows;, CUS = 11 cows.

2 Quarters from which duplicate milk samples yielded dissimilar culture results.
3 v/alues within arow with different superscripts differ, P<.01.

°de v/ alues within arow with different superscripts differ, P<.05.

A limited number of studieshave evauated the effects of organic Zn onnew maditis cases. Gaton
(1990) saw no effect of Zn-methionine onrate of new infections resulting fromexperimenta challenge with
Sreptococcus agalactiae, dthough SCC weresgnificantly decreased insupplemented cows. Incontrast,
Spain (1993) reported beneficid effects of Zn protei nate (providing 50% of atotal 800 mgZn per cow per
day as proteinate) onrate of new, naturaly occurring intramammary infections. No effectsof Zn proteinate
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supplementationonSCC or milk yidd were observed compared withZn oxide. However, numbers of new
infections were doubled in the Zn oxide group compared to the proteinate supplemented animals (11 vs
5 new infections). Themgority of isolateswere environmenta mastitis pathogens. Spain (1993) suggested
that organic Znisbeneficid in enhancing resistance to mastitis pathogens because of the postul ated role of
Zn in maintaining skin integrity and the keratin lining of the streek cand.

Severd studies have demonstrated a reduction in SCC in dairy cattle which were supplemented
with combinations of minera proteinates (Table 5). Harris (1995) reported results of a 90-day field tria
in which one group of 70 cows received a TMR supplemented with 400 mg Zn per cow per day asZn
proteinate and the control group was fed the norma TMR. The mean SCC in the Zn proteinate group
decreased 24% and the SCC in the control group increased 36%; SCC was 57% lower in the group
supplemented with Zn proteinate at trid end. Adjustment for the lower SCC in the proteinate group a
initition of the trid would till show an estimated 30 to
40% lower SCC in the Zn proteinate cows. Boland et a. (1996) reported the results of three different
trids in which a combination of minerd proteinates were supplemented to normd dairy cow diets; the
control diet was the same as the protei nate-supplemented diet but without the minerd proteinates (Table
5). Theminerd proteinates (Zn, Cu, and selenium yeast) provided the following supplemental mineradsper
cow per day inthe dietsduring dl threetrids Cu, 100 mg; Zn, 300 mg; Se, 2 mg). Blood minerd profiles
were norma for both groups suggesting minerd

Table5. Influence of mineral proteinate (Bioplex) supplementation on somatic cell counts.
Form of proteinate Minerd supplied % reduction Reference
supplemented daily as proteinate in SCC
Zn 400 mg 57% Harris, 1995
(~ 40%; adjusted) (n =70 per group)

Cu 100 mg 52% Boland et ., 1996
Zn 300 mg (n =7 per group)
Se 2mg
Cu 100 mg 45% Boland et d., 1996
Zn 300 mg (n = 28 per group)
Se 2mg
Cu 100 mg 35%; wk 0 to 12 Boland et ., 1996
Zn 300 mg 52%; wk 9t0 12 (n= 23 per group)
Se 2mg

status was adequate in both groups and unaffected by the supplements. In the groups receiving minerd
proteinatesinthe threetrids the SCC were reduced by 52%, 45%, and 35% over the duration of the trid.
Inthelast trid SCC were reduced 52% during the find 4 weeks. Boland et d. (1996) indicated that these
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data showed agreater improvement inSCC the longer the treetment continued. Overdl theresults of these
studies suggests a beneficid effect of organic minera supplementation on SCC in the herd and, thus, on
udder hedlth.

Organic Minerals and Reproduction

Sdenium and vitamin E have long been known to impact reproduction. A 1984 study (Harrison
et d.) evduaed the effects of injections of 0.1 mg Se per kg BW a d 21 prepatum, dietary
supplementation with 1000 [U vitamin E per cow per day for 21 days prepartum, both Se and vitamin E,
or no treatment. Incidence of retained placenta was zero in cows recelving both Se and vitamin E
compared withanaverage of 17.5% inthe other groups. Incidence of metritiswas60% for cowsreceiving
Se and 84% for those not receiving Se. Cydtic ovarieswere diagnosed in 19% of cows injected with Se
and 47% for cows not treated with Se.

More recently the use of organic trace mineras has been evauated for the impact on fertility. In
adary sudy referred to previoudy, Boland et d. (1996) found that cows recelving organic trace minerds
(Cu, Zn, and Mn proteinates and Se yeast) had a non-significant reductionindays to emergence of the first
dominant falide (7.8 vs 9.3), 5 fewer days to fird ovulaion, and 6 fewer daysto first service. Firg service
conception rate improved from 57.7% to 65.2%.

Fdlon et d. (1993) showed that superovulated, cross-bred heifers receiving organic Cu, Zn, and
Mn supplementation displayed asgnificant 8.5% increase in fertilization rate and a 36% increase in the
numbers of fertilized embryos. Britt (1996) has suggested that supplementation of organic trace minerds
in diets of superovulated cows resulted in increases in the number of transferable embryos per flush and
amarked increaseinthe number of Grade | embryos collected. These observations coupled withpositive
obsarvationsin the field suggest that the use of organic trace minerdsin dairy diets may play a beneficid
role in reproductive performance.

Summary

It appears that organic trace minerds may have a place in dairy and beef diets when stuations
involving mineral antagonisms are encountered. In addition, organic mineral supplementation may be
consdered inthe falowing Stuations: 1) dry period, 2) periparturient dairy cattle, 3) during stress (caving,
trangport, dramatic changes), and 4) in advance of breeding (30 to 60 d). A genera recommendation is
the induson of 25 to 30% of the supplemented minerd in an organic form, especialy when proper
supplementation with inorganic sources of trace minerad has not been effective.
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