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1. Physiology el
Cheat Sheet: Mineral Absorption Sites

Smallintestine (duodenum, jejunum)
Small intestine (jejunum)
Rumen-reficulum
smallintestine

Rumen

Duodenum Low absorption; antagonized by Ca, Cu

[rone) ]

small intestine
EXSN - oesine
Small intestine Strongly anfagonized by Mo+
Rumen (B12 synthesis) B12 absorbed in fleum

Small intesfine Chemical form dependent
O <! infestine Highly soluble

Very low inherent absorption

Antagonized by Cu, Fe, phytates

1) Physiology e 2. Chemical structure et
. . . . Balchem molecules
Cheat Sheet: Mineral Absorption Sites a
o
i —/ OOCCH,HN, _ el
acro Mhere T— Rumen microbial activity is a Ny
Smallliptestinelidtodendmiejinum} critical determinant of mineral o ~
Sl el [{Eluauri) availability and must be \l@ Chelated cr H;NGH,CO0
Rumen-reficulum considered in both macro- and Single amino acid-metal chelate Zinc glycinate—chloride complex
smallintesfine frace-mineral nutrition. Vs
Romen
H,
Key lmitation o A~ R c CorpLEX
omplex 1
Y oo e e RN \< P ZingMothianine
small intestine Very low inherent absorption "\L \C | ™~H
EXSN s Antagonized by Cu, Fe, phylates & SN 0" o I )
Small intestine Strongly anfagonized by Mo+ o
Rumen (B12synthesis)  B12absorbed nileum o .
small intestine Chemical form dependent Bis-amino acid metal chelate
small intestine Highly soluble —
‘ Heterocyclic ring bring stability to chemical structures
Mineral source impacts vitamin stability Selrain Bioavailability - cell culture model oA
Vitamin recovery in premixes containing inorganic and Balchem chelated minerals Total amount of ZINC transported across the cell membrane of the Caco-2 cell line
90 days, at 68°F
100% 7.00
95% % 6.00
500 2% 5%
0% 147 1
85% + t 4002 | 20% u Control
Balchem Minerals: 3 OOC 125% mIP6
Inorganic  80% -20% Nutrient Tra ffs .
B Chelated 2.00
75% v
1.00
70%
0.00
65% Zinc Sulfate Zinc In-Met KeyShur€y,,
Hydroxychloride
60% Morgan et al, 2022
Vitamin A Vitamin D3 Vitamin E ‘ KeyShure Plus demonstrated the highest absorption level across all dietary scenarios
Marcheftt 0, 2000
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JS1  "True Chelated” is not an accepted mineral category by the FDA.

There's just Chelated.
Jason Schmidt, 2026-02-19T23:32:53.893

MS1 0 Changed for chelated
Maria Spindola, 2026-02-20T01:12:29.769
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3. Antagonists
Minimum
interaction with
antagonists and

antinutritional
factors
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What are

in our world?

E
3. Antagonists balchem The mineral wheel balchem
High dietary sulfur (S) red:)ces
Trace Mineral retention of Cu, Mn, and Zn
140 2\
120 L
T 100 3 ' X :
E) - X N
§ % Z »4}“‘?’.«
£ 60 W Low S (0.24%) o ‘ i,’;‘»‘i g@ﬁs’l
g W High S (0.68%) A ‘"';_\‘_‘?41\,'.-7»‘
£ BAINTY
Doesnotrefiect commontevesin the et > 4‘&\ / o
20 ?
0
Cu Mn Zn ™ ™ s
P 1 al., J. Anim. Sci. 2014.922182-2191 Trace minerals hittpsi//eartwiseagriculiure net/the-mineral-wheel,
‘ Steers fed very high S had markedly lower retention of Cu, Mn and Zn despite similar intake ‘
15 16
3. Antagonists . 3. Antagonists L

Major Trace Mineral Antagonists

Rumen sulfide reduces Cu availability;
High S can depress Se absorption and reduce
Mn and Zn retention.

Mo and § form thiomolybdates in the rumen that
bind Cu and impair its absorption and systemic
ufilization.

Molybdenum
(Mo)

High Fe reduces Cu (and to a lesser extent Zn)
avalability through insoluble complexes and
ruminal Fe-S-Cu interactions.

Antagonist (excess)
Potential mechanism

High Zn infake induces metallothionein and direct
compeiition in the gut, trapping Cu in
enterocytes and lowering Cu absorpion.

dsutte (2010)

Major Trace Mineral Antagonists

Rumen sulfide reduces Cu availability;
High S can depress Se absorption and reduce
Mn and Zn retention.

Molybdenum
y(Mo) Water and soil contamination are not

routinely analyzed: their negative impact
is likely more prevalent than assumed

availability through insoluble complexes and
ruminal Fe-S-Cu interactions.

Antagonist (excess)

High Zn infake induces metallothionein and direct
compeiition in the gut, trapping Cu in
enterocytes and lowering Cu absorption.
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JS1

Clean Coal technologies have lead to a 95--99% reduction in SO2
emmisions and soil S levels. Over the past 5 years, has there been a
large number of complaints of grain and forage analysis returning

high S levels?
Jason Schmidt, 2026-02-19T723:20:33.153

MS1 0 | removed the picture with high probability levels of sulfur and can

Js2

add that : Clean air regulations have reduced atmospheric sulfur
deposition over time, however, in modern production systems,
today dietary sulfur can still exceed antagonist thresholds due to

DDGS inclusion, water and certain forages
Maria Spindola, 2026-02-20T01:09:38.574

This N number appears quite low, at least to a former poultry and

swine researcher.
Jason Schmidt, 2026-02-19T723:21:57.188

MS2 0 From monogastric perspective , | agree. But for ruminants, it's

understandable ..!
Maria Spindola, 2026-02-20T01:07:44.070
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H’" 3. Anfagonists
Regional Exposure to trace mineral antagonists

Northeast / Mid Atlantic
Silage ash contamination

and Water Fe

balchem

West / High Plains

High sulfate water and
alkaline, irigated soils:

S and Mo exposure

Corn Belt / Upper Midwest
High coproduct usage:

Southeast
Acidic soils > low Mo;

dietary sulfur variability

s could be substantial and

ral programs
NASEM (2021); Kabata-Pendias (2011); Drewnoski et al. (2014)

Regional differences in exposure to TM antagon
should be considered when formuls

. balchem'

|’ 4. Delivery Form

Direct benefits of higher concentration

A |eyshurePu
In 12% 20%
Mn 8% 18%
Cu 10% 20%
Fe 10% 18%

Considering NASEM 2021 Mineral recommendation
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* 4. Delivery Form

Excellent physical characteristics

o High Flowability
oless Dust

oless Loss 1!
oSafer to handle

KeyShure€Py»

Amino Acid Chelated Minerals
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balchem

More Bioavailability,
Maximum Results

More bioavailable mineral at the cellular level -
maximizing absorption, minimizing antagonisms
and converting nutrition into performance
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Applied Mineral Nutrition

A Puzzle Approach

KeyShureP,,

Arming Acid Chelsted Minerals

-
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Cows fed with KeyShure Zn, Mn, and Cu had
« higher colostrumimmunoglobulin levels
+ lower calf mortality at calving.

Primiparous

Inorganic KeyShure
Calf mortality at calving 9.6% 5.1%

Lactation performance 0-150 days

Parameter Inorganic KeyShure
Milk, Ibs/d 79.6 78.7
Milk Fat, % 386 “+4 7 403
Milk Crude protein, % 3.21 3.23

aProven performance results

Multiparous
P-value | Inorganic KeyShure P-value
0.58 156% A 56% 0.05
- 64%

P-value
0.802
0.033
0.381

Formigonie1 0, 2011
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JS1  lunderstand this is a ‘tag line’ but | have a real problem with the
implications here. What about the law of diminishing returns? This
explicitly states that feeding 40% zinc in a diet will give you more
milk or beef than feeding 20% Zinc. Call me Mr. Practical or

something else when this just doesn't ring true.
Jason Schmidt, 2026-02-19T723:36:29.401

MS1 0 | understand your point. This is the name of the lecture actually....|
can change in the presentation, adding a * saying that we don't
recommend using more mineral , instead using more bioavailable

sources. What do you think about the below sentence
Maria Spindola, 2026-02-20T01:15:25.806
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eBioavailability - Independent study

University of Florida

Estimated relative bioavailability (RBV) of Zn sources based on biomarkers

Species / Biomarker InSulfate Zn Amino Acid

In Methionine
Broiler (Bone) 100% 96%
Broiler (Mucosa) 100% 81%
Lamb (liver metallothionein) ~ 100% M% 116%

balchem

KeyShure Zinc
130%
109%
131%

Caoetal. 2000

How to choose the best source of chelated mineral? -
% Proprietary Chelation Technology
# Fewer nutrient interactions

{Super’\or Bioavailability

KeyShure€pPy,
&Proven performance results Amino Add Chelated Minerals

\.{Highest concentration
B./Excel\em physical characteristics

Maria.Spindola@balchem.com
‘ KeyShure minerals: check all the boxes




