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Trends, Opportunities, and Future Technologies
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* As we have seen marked changes in feed analysis in the
past 30 years, the next 10 years will bring significant
additional characterization opportunities to the field of
ruminant nutrition.

| Amino Acid Analysis

® Amino acids have been run for many years

* Generally a multi-step preparation procedure then a sample is run
through a sophisticated chromatography unit

® These units can run $50,000 to $400,000 depending on the
technology

e Labor intensive
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Amino Acid Analysis
® Amino acids have been routinely been part of poultry and
swine diet feed characterizations
® Smaller number of feeds, relative homogeneity in feeds
* NIR has been successfully used to characterize these feeds
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Amino Acid Analysis

® Amino acid analysis has not been used significantly in ruminant
feed evaluation.

* Large number of potential feedstuffs to characterize

* Significant variation in feedstuff quality and character

® Harvest, storage, and fermentation conditions may lead to
significant differences in amino acids delivered to the cow
W

| Amino Acid Analysis

* We have been able to create a NIR calibration for total amino acids in
corn silage.

e Our objective is to first work on establishing a set of NIR calibrations
for total amino acids in all key forage classes.

* At the least, this will allow us to understand better how much of the
nitrogen in a forage material is amino acid nitrogen.

© Once this is accomplished, we can evaluate calibrations for key amino

.. acids of importance in ruminant nutrition.
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" Distribution of Amino Acid Nitrogen as % DM in Corn Silage
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ﬁelationship of Amino Acid Nitrogen %DM to Total Nitrogen %DM
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Amino Acid Analysis

e Initial evaluation of broad range of hay crop silages:
e Protein: 9.7% to 22.5%

e Amino acid nitrogen as % total nitrogen: 46% to 80%
» Average: 61.5% SD: 19.1
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| Opportunity

e Over the next 3 to 5 years there will be significant
engagement of amino acid characterization of ruminant

feedstuffs. NIR will probably become a key tool to bring
this about.

Quality Characterization - Amines

¢ Biogenic amines are basic nitrogenous compounds formed
mainly by decarboxylation of amino acids or amination and
transamination of aldehydes and ketones. Biogenic amines are
synthesized by microbial, vegetable, and animal metabolisms.
In food and beverages they are formed by the enzymes of raw

material or are generated by microbial decarboxylation of amino
acids.
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Amine Content of S-élecfed Liegurrﬁie_isiiloge
%DM (detection limit 5 ppm)

23765059

23605013 23719146 23763127

Cadaverine 19 .36 15 14
Histamine .06 .16 .04 .04
Phenethylamine .05 .01 .03 .02
Putrescine .10 21 .07 .08
Spermine <01 <01 <01 .01
Tryptamine <01 .06 .02 .01
Tyramine 13 24 .16 .08
_"’l'otal Amine 71 1.04 57 .37
Dry Matter 29.7% 30.1% 33.4% 40.0%

Quality Characterization - Amines

© Need to understand prevalence in feed materials

* Need to understand correlation to indexes of fermentation

© Need a better understanding of what point these products are toxic to
or impacting negatively the metabolism of the cow

e Potential to use NIR as a screening tool to identify feeds potentially
high in amines
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| Quality Characterization - Mycotoxins | Quality Characterization - Mycotoxins

e In the early 1980’s mycotoxins were a concept that was just starting to

be discussed in dairy nutrition. e LC MS/MS provides the opportunity for internal verification of toxins,
® Today mycotoxins have become a key component of nutritional a broade.r scope of mycotoxix.'l identification Wit_h less sample

management and are recognized globally as an animal and human preparation, very low detection levels, and rapid analysis.

health threat.

e Significant improvements have occurred in recent years in the array
and quality of technologies available to evaluate mycotoxins.
., ® At CVAS, we originally used thin layer chromatography, ELISA,
32 outsourced HPLC, internally run HPLC, moving toward LC MS/MS. N
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~ Example of Toxin Detection Limits — LC MS/MS . . X .
Quality Characterization - Mycotoxins
Units Detection Limit Units Detection Limit
Future trend:
Deoxynivalenol ppm 0.1 ppm Fumonisin B1 ppm 0.1ppm
1Ay Deognialend o 01 ppm S | B | O ® Mycotoxins will be run less expensively
F isin B3 0.1
: = 2= 22 e Larger panels
3-Acetyl Degxymvalenol o 0.1 ppm HT2 ppb 5ppb ° G ifi Iv1 . limi
Significantly lower detection limits
Ochratoxin A Pppt 50 ppt . q- . . . .
Aflaoxin b1 b Olppb e Fewer labs providing service but with large investment in
Aflatoxin B2 . 01 ppb i L Spe equipment and personnel
Zearalenone ppb 12.5ppb
Aflatoxin G1 ppb 0.1 ppb.
Aflatoxin G2 ppb 0.1 ppb.
B
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Ro-tap shaker shc_a\jviing 4.75mm screen
and corn retained on the sieve

-V-S’rroch Characterization - CSPS

* Corn silage processing score has been used significantly over the
last number of years

e Labor intensive lab evaluation
® Costly for information provided
* Some analytical limitations
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U.S. Industry Makes Advances in Corn Silage Processing
Past 10 YRS (CVAS Data, 2006 - 2016)

oy Percent
Crop Year Number Average S~
2006 97 52.8 433
2007 272 523 37.9
2008 250 54.6 348
2009 244 51.1 48.0
2010 373 51.4 134
2011 726 55.5 33.1
2012 871 60.8 19.9
2013 2658 64.6 221
2014 4634 622 10.4
2015 3231 61.1 175
2016 3598 63.5 115
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Relationship of Wet CSPS to Dry CSPS
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Initial/Annual Costs for Various On-Farm NIRS

HarvestLab™ John Deere Portable! $25,000
AuroraNIR™ RCI Engineering Hand-held $19,500
X-NIR™ Dinamica Generale Hand-held? $14,000
poliSPEC ITPhotonics Hand-held! $18,500
Moisture Tracker™ Digi-Star Hand-held! $7,350

W StellarCASE-NIR StellarNet Portable $20,500

‘Qf- ‘Alslo offered with connectivity and mounting hardware for on-harvester use. Additional costs
apply.

Matthew Digman, Forage Focus, March, 2018 39

Chemical constituents predicted by on-farm NIRS systems

HarvestLab™ ++ ++ +- dn T+ -
AuroraNIR™ + + ++ - ++ +
X-NIR™ ++ + + +- ++ ++
poliSPEC ++ ++ ++ + ++ ++
Moisture
~ ++ - - - - -
S\ Tracker™

{
1 ++Available for all crop species, +available for most crop species, +-available for
some crop species, --not available Matthew Digman, Forage Focus, March, 2018 40

| Hand-held NIR

® Questions to ask:

e Is accuracy acceptable? Does the vendor provide the equation
and model validation statistics?

* Who supports the technology / verification / updates?
¢ Do I want to own administration and technology obsolescence?

e If the value is immediacy of information, can this information be
effectively engaged in management systems to bring value?

)
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Hand-held NIR

e Evaluation is of raw material which is generally very
heterogeneous

® Evaluation of moisture is a correlation between surface moisture
and total moisture

* NIR precision is diminished by high moisture
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Additional Opportunities .Addiﬂonol Opportunities

e Starch degradability characterization * Managing aggregate farm data for process control
¢ Modeling digestibility using other characteristics including particle size
¢ Gas production
* Pure enzyme systems in place of rumen fluid
* Evaluation of actual fed samples instead of ground materials
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2018 Pre-conference Symposium

Change creates opportunity!

Trends, Opportunities, and Future Technologies

Thank you! Ralph Ward

Cumberland Valley Analytical Services




