- 2 4
- ol aai . B s 1"!

%E > e " L

Histidine — a limiting amino acid
for dairy cows

Alexander N. Hristov
Distinguished Professor, Department of Animal Science
The Pennsylvania State University

BALCHEM'’s Real Science Lecture Series, March 4th, 2025
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Why feeding low-protein
diets?

* Reduced feed cost

e Striving for efficiency

* Reduced N emissions (nitrates, NH;
N,O)

* Protein overfeeding and
reproduction
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It all started with ammonia...
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Lee et al., 2010

Decreasing urinary N/urea excretion
decreases manure ammonia emissions
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Dietary CP influences soil ammonia
emissions as well
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Sources of nitrous oxide emissions in
the United States & effect of diet CP

Figure ES-9
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More recently, enteric methane became
a target: low-protein & high-starch diets

Starch replaced RUP; 16.7 vs 15.4% CP; 110% vs 96% of MP requirements; 23.2 vs 25.0% starch
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g PennState Cueva et al., 2024

Low-protein, high-starch diets?

Milk fat % decreased, but milk protein and ECM yields and ECM feed efficiency increased with
increasing dietary starch concentration
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Severe MP deficiency, however, are likely to
decrease DMI, milk yield & components
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Or cows will lose BW
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What is Histidine? °

 Unique among EAA with an imidazole side chain

e Similar to Met, a Group 1 AA (extracted by the liver
with post-liver supply approx. equal to mammary
uptake and output in milk)

 Which would suggest that requirements for His
should be similar to those for Met

 However, variability in estimates for His
requirements have been large: 2.2 to >3.5% of MP
— Major reasons for this are:

* endogenous His depots
* lower His than Met in microbial protein
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Net flux of Met and His
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Raisanen et al., 2023

Histidine research over the
years

Table 1. Characterization of publications used in the meta-analysis

Method of His

Source Design’ supplementation® Basal diet MP-level® Other supplemental AA
Vanhatalo et al. (1999) LS Infusion Grass silage MPD Lys, Met

Kim et al. (1999) LS Deletion Grass silage MPA Lys, Met, Trp

Kim et al. (2000) LS Infusion Grass silage MPA Lys, Met

Korhonen et al. (2000) LS Infusion Grass silage MPA

Kim et al. (2001)a’ LS Infusion (Grass silage MPA

Kim et al. (2001)b LS Infusion Grass silage MPA Lys, Met, Trp
Huhtanen et al. (2002)a LS Infusion Grass silage MPD Len

Huhtanen et al (20021 LS Infusion Grass silage MED

Hadrova et al. (2012) LS Deletion Corn silage MPD Leu, Lys, Met

Lee et al. (2012) RCB RPHis Corn silage MPD RPLys, RPMet®
Giallongo et al. (2015) RCB RPHis Corn silage MPD RPLys, RPMet
Giallongo et al. (2016) RCB RPHis Corn silage MPA RPLys, RPMet
Giallongo et al. (2017) RCB Basal diet® Corn silage MPA RPLys, RPMet

Zang et al. (2019) LS RPHis Corn silage MPA RPMet

Morris and Kononoff (2020)a LS RPHis Corn silage MPA

Morris and Kononoff (2020)b LS RPHis Corn silage MPA RPLys

Lapierre et al. (2021)a LS Deletion Corn silage MPD Free AA, casein profile
Lapierre et al. (2021)b LS Deletion Corn silage MPD Free AA, casein profile
Riisanen et al. (2021a) LS RPHis Corn silage MPA RPLys, RPMet
Raiséinen et al. (2021h) LS RPHis Corn silage MPD RPLys, RPMet
Raiisinen et al. (2022)a RCB RPHis Corn silage MPA RPLys, RPMet
Réisiinen et al. (2022)b RCB RPHis Corn silage MPA RPLys, RPMet
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Studies of the use of urea and ammonium salts as the
sole nitrogen source open new important perspectives.

Artturi I. Virtanen

Science, 1966

Fig. 3. Test cow Metta after being on test feed 370 days from calving.
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A. l. Virtanen; Science, 1966

Cow on normal feed Cow on synthetic feed
100 Glu ' Glu
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i-Leu
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Fig. 1. Labeling of the essential amino acids of total milk protein 6.3 hours after
the cow had been fed a single dose of **N-urea. The results are expressed as a per-
centage of the labeling of glutamic acid. At left, results of a feeding experiment
with a cow on normal feed (17 March 1966); at right, results of a feeding experiment
with a test cow (20 October 1962) 6 months after the start of the experimental
feeding. Histidine and tryptophan have the lowest labeling in both experiments, but
the increase in their labeling in the cow on the experimental feed is remarkable.
[Determinations by M. Kreula and T. Moisio]
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Histidine concentration in feeds

NASEM: His, % of CP
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His concentration in common forages
and protein feeds

Histidine concentration by feed type
(minimum 605 samples per feed type)
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Can His be limiting on CS-based diets?
His supply + output in grass- vs. corn silage-based diets

42 vs. 70

His supply, g/d

His in milk TP, g/d

1.07 vs. 1.05

W Vanhatalo et al., 1999
M Leeetal,, 2012

His ratio (His in milk protein+His supply with

the diet)



Histidine work at Penn State
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Effects of slow-release urea and rumen-protected methionine and histidine T This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Histidine work at Penn State

* Observed a consistent apparent drop in
plasma His with long-term feeding of
low-CP diets

* Hypothesis: on low-CP diets, microbial
protein is becoming an increasingly
important source of AA for the cow

—However, compared with Met, microbial
protein is a poorer source of His
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Examples of the effect -

P<0.01
of dietary CP/MP on
plasma His . .
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Endogenous sources of His

Giallongo et al., 2017:

» Blood hemoglobin = 380 g mHis

» Muscle carnosine & anserine = 270 g mHis

» These could supply mHis for about 7 wks
(at approx. — 6 g mHis/d deficiency)

Hemoglobin

H \ O
B N
1 N/ <\ / HN > NH
N 2

Carnosine

Anserine



‘-4 PennState
3 College of Agricultural Sciences

Hristov et al., 2019 (data from Lee et al., 2012, 2015)

Body reserves can hide temporary

Plasma histidine concentration (uM)

His deficiencies

(8]
o
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40 -
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I Control, metabolizable protein-adequate diet
[ Treatment, metabolizable protein-deficient diet

P=0.89
P<0.01
Cr:mtn;uous ChaI:IQEO'\-"EI'

Experimental design
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His and blood hemoglobin

His supplementation

)

9.4

m AMP
® DMP
= DMPM
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Blood hemoglobin, g/dL
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Met and His in milk protein vs.
bacteria

0% higher His than

1
Penn State trials L Met in milk TP NRC, 2001

m Milk EAA, %
W Bacterial EAA, %

Milk CP, %
M Bacterial CP, % 5

About 18% lower ]

About 27% lower His than Met

His than Met

Met His Met His
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NASEM (2021) AA composition of
microbial protein
g AA__/100 g CP g AA__/100 g TP® g AN /100 g TP

AA Duoedenal Endogenous Microbial® Scurf Whole Empty Body Metabolic Fecal Milk
Ala 4.69 7.38 o - 6.32 3.59
Arg 461 547 16% lower His 5.90 3.74
Asx 475 13.39 than Met 7.56 8.14
Cys 258 2.09 73 3.31 0.93
Glx 11.31 14.98 69 15.76 15.67 22.55
Gly 5.11 626 2 21.08 14.46 8.45 2.04
His 2.90 2.21 1.75 3.04 Onlva% ———— 292
Ile 4.09 6.99 2.96 3.69 only 2% 6.18
Leu 7.67 9.23 6.93 8.27 difference 10.56
Lys 6.23 0.44 5.64 7.90 7.61 8.82
Met 1.26 2.63 1.40 237 1.73 3.03
Phe 3.08 6.30 3.61 441 5.28 5.26
Pro 4.64 427 12.35 0.80 8.43 10.33
Ser 5.24 5.40 6.45 573 7.72 6.71
Thr 5.18 6.23 4.01 4.84 7.36 462
Trp 1.29 1.37 0.73 1.05 1.79 1.63
Tyr 3.62 5.04 262 3.08 4.65 5.83
Wal 5.29 6.88 4.66 5.15 7.01 .90
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The relative contribution of microbial
protein to the total MP supply increases with
decreasing dietary MP

INVITED REVIEW: NITROGEN IN RUMINANT NUTRITION

alimentary
2000 (PDIA)

T 1500
)]
[%)]
e
(@] o
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&= microbial
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s00| ©
m
0
1000 1500 2000 2500 3000 3500

Total MP intake (PDI, g/d)
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NASEM 2021 simulations

Mature, 700 kg BW Holstein cow, 100 DIM, 55 kg milk/d, 3.30% fat, 2.80% TP, 28 kg/d DMI

Diet CP, % Proportion of | Total mHis, g/d | mHis efficiency | N excretlons,
microbial MP (target is 0.75)

15.1 0.58 1.04
17.2 0.53 67 0.87 488
18.4 0.51 73 0.80 539

——

0.7

0.6

0.5

0.4

0.3

0.2

0.1
Microbial protein contribution to MP flow

m151%CP m17.2%CP m18.4%CP
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Histidine deficiency has a negative effect on lactational
performance of dairy cows

F. Giallongo.* M. T. Harper.,* J. Oh,* C. Parys,t I. Shinzato. and A. N. Hristov*"
*Department of Animal Science, The Pennsylvania State University, University Park 16802

TEvonik Nutrition and Care GmbH, 63457 Hanau, Germany

TAjinomoto Co. Inc., Tokyo, Japan 104
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10 II
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Histidine deficiency has a negative effect on lactational
performance of dairy cows

F. Giallongo.* M. T. Harper.,* J. Oh,* C. Parys,t I. Shinzato. and A. N. Hristov*"

*Department of Animal Science, The Pennsylvania State University, University Park 16802
TEvonik Nutrition and Care GmbH, 63457 Hanau, Germany
TAjinomoto Co. Inc., Tokyo, Japan 104
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Histidine deficiency has a negative effect on lactational
performance of dairy cows

F. Giallongo.* M. T. Harper.,* J. Oh,* C. Parys,t I. Shinzato. and A. N. Hristov*"
*Department of Animal Science, The Pennsylvania State University, University Park 16802

TEvonik Nutrition and Care GmbH, 63457 Hanau, Germany

TAjinomoto Co. Inc., Tokyo, Japan 104
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» P <0.01
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DMI, kg/d

N HAD
[0 HDD
B HDD+RPHis

40
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Histidine deficiency has a negative effect on lactational
performance of dairy cows

F. Giallongo,* M. T. Harper,* J. Oh,* C. Parys,T |. Shinzato,f and A. N. Hristov*'
*Department of Animal Science, The Pennsylvania State University, University Park 16802

TEwvaonik Nutrition and Care GmbH, 63457 Hanau, Germany

TAjinomoto Co. Inc_, Tokyo, Japan 104

RPHis supplementation
at the end of the study:
+1.4 kg/d; P<0.01
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wk 5-10

Week of experiment
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Giallongo et al., 2017
Blood hemoglobin,
His, and carnosine as
affected by His
deficiency
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Dose-response studies with RPHis: ECM vyield
effect with MP-adequate and -deficient diet
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P = 0.008, quadratic P = 0.004, linear
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Lactational performance effects of supplemental
histidine in dairy cows: A meta-analysis

S. E. Raisanen,?® H. Lapiuerre,3 W. J. Price,*® and A. N. Hristov'*
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’ETH Zirich, Department of Environmental Science, Institute of Agricultural Sciences, Zirich 8092, Switzerland
*Agriculture and Agri-Food Canada, Sherbrooke, QC, Canada J1M 0C8

“Statistical Programs, University of Idaho, Moscow, |D 83844

Table 1. Characterization of publications used in the meta-analysis

Method of His

Source Design' supplementation® Basal diet MP-level® Other supplemental AA
Vanhatalo et al. (1999) LS Infusion Grass silage MPD Lvs, Met

Kim et al. (1999) LS Deletion Grass silage MPA Lvs, Met, Trp

Kim et al. (2000) LS Infusion Grass silage MPA Lvs, Met

Korhonen et al. (2000) LS Infusion Grass silage MPA —

Kim et al. (2001)a* LS Infusion Grass silage MPA —

Kim et al. (2001)b LS Infusion Grass silage MPA Lvs, Met, Trp
Huhtanen et al. (2002)a LS Infusion Grass silage MPD Leu

Huhtanen et al. (2002)b LS Infusion Grass silage MPD —
Hadrova et al. (2012) LS Deletion Corn silage MPD Leu, Lys, Met

Lee et al. (2012) RCB RPHis Corn silage MPD RPLys, RPMet®
Giallongo et al. (2015) RCB RPHis Corn silage MPD RPLys, RPMet
Giallongo et al. (2016) RCB RPHis Corn silage MPA RPLys, RPMet
Giallongo et al. (2017) RCB Basal diet® Corn silage MPA RPLys, RPMet

Zang et al. (2019) LS RPHis Corn silage MPA RPMet

Morris and Kononoff (2020)a LS RPHis Corn silage MPA —

Morris and Kononoff (2020)b LS RPHis Corn silage MPA RPLys

Lapierre et al. (2021)a LS Deletion Corn silage MPD Free AA, casein profile
Lapierre et al. (2021)b LS Deletion Corn silage MPD Free AA, casein profile
Raisanen et al. (2021a) LS RPHis Corn silage MPA RPLys, RPMet
Raisanen et al. (2021b) LS RPHis Corn silage MPD RPLys, RPMet
Raisanen et al. (2022)a RCB RPHis Corn silage MPA RPLys, RPMet

Raisanen et al. (2022)b RCB RPHis Corn silage MPA RPLys, RPMet
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Lactational performance effects of supplemental
histidine in dairy cows: A meta-analysis

S. E. Réisdnen,"?® H. Lapierre,®® W. J. Price,*® and A. N. Hristov™

'Department of Animal Science, The Pennsylvania State University, State College, PA 16802
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Table 4. Effect size' and heterogeneity for the effect of His supplementation on lactational performance of dairy cows

Effect size and 95% CI Heterogeneity
Ttem N? Random SE Lower limit Upper limit P-value Q-value® P-value
DMI. ke/d 22 0.241 0.097 0.050 0.432 0.01 21.4 0.44
Milk vield. ke/d 23 {).885 0.192 0.512 1.26 0.001 69.4 <0.001
ECM yield,” kg/d 14 0.187 0.115 —0.039 0.413 0.11 B.78 0.85
Milk true protein, %% 22 0.246 0,104 0.041 0,450 0.02 23.9 0.30
Milk trye protein, ke/d 249 0674 0147 0. 386 0.962 < (. 007 428 0.003
Milk fat 9% 29 —(0.427 0119 —{) 660 —.1095 0007 29.7 0.10
Milk fat, kg/d 22 —0.009 0.096 —0.197 0.178 0.92 12.6 0.92
Milk lactose, % 20 0.004 0.121 —0.234 0.241 0.97 27.1 0.10
Milk lactose, kg/d 20 0.425 0.101 0.227 0.623 <0.001 43.7 0.001
Plasma His, mM 22 1.81 0.251 1.39 2.37 <0.001 92.3 <0.001

'Computed as standard mean difference = raw mean difference of treatment and control means divided by the pooled SD of the means; values
of £0.2, 0.2 to 0.7, and =0.7, were considered small, moderate, or large, respectively.

*Number of studies.
*Chi-squared (Q) test for heterogeneity and variation among the study level.
1Six studies were excluded from the analysis due to lack of ECM data and respective SD in the publication.
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Responses to RPHis supplementation
depend on MP supply

All studies (RPHis and infusion) RPHis studies only
1.15 1.15
MY response, kg/d = 1.5075 - 0.4881*MP supply/MP requirements MY response, kg/d = 1.4540 - 0.4417 x MP supply/MP requirements
Adj R2 =0.51, P < 0.001 Adj R*=0.64, P < 0.001
1.10 - 1.10 A
T T o
2 2
0y 1}
2 2
S 1.05 - 2 1.05 -
(] (%]
g g
> >
= =
1.00 A 1.00 A
° °
0.80 0.85 0.90 0.95 1.00 1.05 1.1 0.80 0.85 0.90 0.95 1.00 1.05 1.10
MP supply/MP requirements (NRC, 2001) MP supply/MP requirements (NRC, 2001)

Production responses increase as MP deficiency increases
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Figure 7. Efficiency of His utilization (Effy,) observations by MP-level and across (A) increasing adjusted digestible His (adHis) supply
or (B) ratio of adjusted digestible His (adHis) to NE; supplies. Metabolizable protein requirements and supply were caleulated based on NRC
(2001); MP-deficiency (MPD) was defined as MP supplied at or below 95% of NRC (2001) requirements, and MP-adequacy (MPA) above 95%
supply of requirements.



@ PennState Raisdnen et al., 2020

3 College of Agricultural Sciences

Be aware of incorrect bioavailability
data for RPAA!
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Take-home message

e Careful reduction in dietary protein intake will increase
milk nitrogen efficiency in dairy cows and will decrease
urinary nitrogen losses, nitrate leaching and ammonia
and nitrous oxide emissions from dairy manure

e Earlier studies with grass silage-based diets and more
recently studies with corn silage-based diets conducted at
Penn State indicate that His may be a limiting AA in dairy
cow fed low-protein (< 16% CP) diets

— Long-term trials showed that supplementation of such diets with rumen-
protected His increased or tended to increase milk yield and milk protein
percent and yield, including through increasing DMI

— Our data suggest dHis recommendations for MP-deficient diets at around
3.0% of MP, or 74 g/d

— Watch for false bioavailability data
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Non ruminant nutrition

AMEAICAN SOCIETY OF ANIMAL SCIENCE

The effects of standardized ileal digestible His to Lys ratio
on growth performance, intestinal health, and mobilization
of histidine-containing proteins in pigs at 7 to 11 kg body

SID His to Lys ratios of 26%, 32%, 38%, 43%, and 49% fed to
growing pigs....... It was concluded that SID His to Lys ratio
between 35% and 41% in diets fed to nursery pigs at 7 to 11 kg
enhanced intestinal health and maximized concentrations of His-
containing proteins, indicating that His containing proteins are
effective response criteria when determining His requirement

329%, 38%, 43%, and 49% and fed to pigs for 14 d (SID Lys = 1.22%). Feed intake and BW were recorded at d 0, 7 and 14 to measure growth
performance. Blood samples were collected on d 12. Pigs were euthanized on d 14 to collect pancreas, longissimus dorsi muscles, mid-jejunum,
and jejunal mucosa. Data were analyzed using the Proc Mixed of SAS. Growth performance was not affected, whereas varying SID His to Lys
ratio affected hemoglobin (P < 0.05, max: 12 g/dL at 36%), immunoglobulin A {IgA, P < 0.05, min: 1.25 pg/mg at 35%] in jejunal mucosa, villus
height (P=0.065, max: 536 pm at 40%) in jejunurmn, trypsinogen (P= 0.083, max: 242 pg/mg at 41%) in pancreas, and carnosine (P =0.051,
max: 4.7 ng/mg at 38%) in muscles. Varying SID His to Lys ratios linearly increased (P < 0.05, from 1.95 to 2.80 nmol/mg) protein carbonyl in
muscles and decreased (P < 0.05, from 29.1% to 26.9%) enterocyte proliferation. In conclusion, SID His to Lys ratio between 35% and 41% in
diets fed to nursery pigs at 7 to 11 kg enhanced intestinal health and maximized concentrations of His-containing proteins, indicating that His-
containing proteins are effective response criteria when determining His requirement.
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