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Plant bioactive commpounds in ruminant research

Saponins Tannins Essential oils

* Terpenoids * Phenolic compounds  * Terpenes and more
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Saponins
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oleanane spirostanol furostanol

* Triterpenoid or steroidal aglycones
linked to oligosaccharide moieties

* Found in plants and some marine
organisms

* Heat-stable, amphiphilic, glycosidic
compounds

e Soap-like properties

* Widely used in the folk medicine
and pharmaceutical industry
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Saponins in ruminant research
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Patra and Saxena 2009 Extract & Plants Both 2009 multi X (X) (X) (x)  (X)
Jayanegara et al. 2014 Extracts invitro 2014 ND X X
Dai and Ficiola 2019 Extracts In vivo 2019 multi X
Almeida et al. 2021 Extracts Invivo 2021 multi X
Darabighane et al. 2021 Extracts Invivo 2021 sheep X X
Kholif 2023 Extracts invivo 2023 multi X (X) X)X (X
Torres et al. 2023 Not mentioned invivo 2023 sheep X X X
Pepetaetal. 2024 Extract & Plants invivo 2024 multi X
Yanza et al. 2024 Extracts invivo = 2024 multi X X X
Decreased x Investigated
(x) Discussed
Increased
Varied
Unaffected

Not reported / not tested
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Tannins

High molecular weight polyphenolic
compounds of plant origin

Condensed tannins, Hydrolysable tannins
Capable of complexing with other
compounds such as proteins, fiber, and
minerals

Heat stable

Soluble in water and alcohols
Unabsorbed in the gut

Antioxidant properties

Antimicrobial properties

Decrease the palatability

Univer:

Condensed tannins

(flavonoid units)
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Tannins in ruminant research
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Patra and Saxena 2009 Extract & Plants Both 2009 multi X (X) (X) (X
Jayanegara and Palupi 2010 Extract & Plants invitro 2010 ND X
Jayanegara and Palupi 2010 Extract & Plants invivo = 2010 multi X
Jayanegara et al. 2012 Extract & Plants Invitro 2012 ND X
Jayanegara et al. 2012 Extract & Plants Invivo = 2012 multi X
Dai and Ficiola 2019 Extracts Invivo 2019 multi X
Herremans et al. 2020 Extract & Plants Invivo 2020 Cows X X X X
Purba et al. 2020 Extract & Plants Both 2020 multi X
Almeida et al. 2021 Extracts Invivo 2021 multi X
Cardoso-Gutierrez et al. 2021 Plants Both 2021 multi X X X
Orzuna-Orzuna et al. 2021 Extract & Plants Invivo 2021 Lambs X X X
Orzuna-Orzuna et al. 2021 Extract & Plants Invivo = 2021 Beef cattle X X X X X
Yanza et al. 2021 Extracts Invivo 2021 multi X X
Friti et al. 2022 Extracts Invivo 2022 multi X X
Makmur et al. 2022 Extract & Plants invitro 2022 multi X
Berga et al. 2023 Extract & Plants In vivo 2023 Cattle X X
Berga et al. 2023 Extract & Plants invitro 2023 Cattle X X
Brutti et al. 2023 Extract & Plants In vivo 2023 Cattle X X X
Torres et al. 2023 Not mentioned Yin vivo 2023 Lambs X X X
Fernandes et al. 2024 Not mentioned invivo 2024 Cattle X
Pepetaetal. 2024 Extract & Plants invivo = 2024 multi X
Susanto et al 2024 Extract & Plants invitro 2024 ND X X
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Review

Effects of Dietary Tannins’ Supplementation on Growth
Performance, Rumen Fermentation, and Enteric Methane
Emissions in Beef Cattle: A Meta-Analysis

José Felipe Orzuna-Orzuna ', Griselda Dorantes-Iturbide ', Alejandro Lara-Bueno *(,
German David Mendoza-Martinez %, Luis Alberto Miranda-R " and Pedro Abel i arcia

ORIGINAL ARTICLE WILEY

Effect of dietary tannins on milk yield and composition, eterinary Medicine, Vienna
nitrogen partitioning and nitrogen use efficiency of lactating

dairy cows: A meta-analysis

1

Sophie | Frédéric i |
Virginie Decruyenaere! | Yves Beckers®® | Eric Froidmont!

23 % of data used
plants and forages,
77% tannin extracts

65% of data used
forage and byproducts
35% tannin extracts

Effect on N metabolism

Sustainability 2021, 13, 7410

Dietary supplementatio
from studies using tapps

ever, when TANs
affected (SMD = —0.368;
en they came from a mixture of
ot affected by TANs when they came from
bhala (p > 0.05). However, it increased (p < 0.001)
T mearnsii and quebracho (Figure 9).

ethod by which TANs were included in the diets, CPD decreased
added to the diets in the form of extracts (SMD = —1.199; p <0.001).
7Wwhen TANs were contained in the ingredients of the diets, CPD was not affected
= 0.179; Figu.te 510). MEDMI decreased signjﬁcanﬂy when TANs were suppl.ied as
part of the diet ingredients (SMD = —0.982; p < 0.001); however, when TANs were added
to the diets in the form of extracts, MEDMI was not affected (p > 0.05; Figure 10). UNE
decreased when TANs were added to the diets in the form of extracts (SMD = —0.558;
p <0.001). However, UNE increased when TANs were contained in the ingredients of
the diets (SMD = 2.078; p < 0.001). On the other hand, UFE increased significantly when
TANs were added to the diets in the form of extracts (SMD = p < 0.001); however, when
TANSs were supplied as a part of the diet i_ngredients, FNE was not affected (SMD = —0.368;
p>0.05).

HERREMANS ET AL
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precision (Makowski, Piraux, & Brun, 2018) defined as ﬁs—a with
SD, being the standard ssdeviation of L = In(R).

If the intercept of the regression line differed from 0, a publica-
tion bias was detected.

The trimfill function (Duval & Tweedie, 2000) with the default 3
guments was used on parameters subject to publication bj

Holstein. A\ flace in Europe, 20%
Tin Australia or New Zealand.
€ presented in Table 1; more than 50%

of the average Gnsisted of grass or legume forages and almost
17% of crude protein (CP). Experimental tannin doses ranged from
10 to more than 800 g per animal per day, representing a range of
between 1 and more than 40 g/kg DM. Two tannin types were stud-
ied: 12% of the treatments used hydrolysable tannins and the other
88% used condensed tannins. Around 65% of treatments used for-
age or by-products naturally containing tannins whereas 35% added
tannin extracts.

hydrolysable) only influenced faecal N &
densed tannins causing more
tannins (+15%). The sg
extracts addgs

naj

pGrtion in the diet
#nd forage content did not

“fd or NUE (p >.05; data not shown).
4TBUN, FN and DM digestibility could present

Dias, with the intercept of Egger's regression line being
fficantly different from O (p < .05). The use of the trimfill function
only affected FN outcomes, increasing the mean ratio from 1.1031
to 1.1373, which remains significantly different from 1 (p < .001).
The function suggests that eight treatments were missing to avoid
the publication bias in addition to the 42 treatments identified in the

meta-analysis.

4 | DISCUSSION

The present study showed that tannins had several impacts on dairy
cows' milk production and nitrogen partitioning. The major findings
are an absence of effect of tannins on corrected milk yield and NUE
of dairy cows. Ruminal N-NH, MUN and urinary N excretion indi-
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Essential oils

* Volatile oil, aromatic compounds in plants

* highly complex mixtures, including hydrocarbons such as terpenes (mainly
monoterpenes) and sesquiterpenes, as well as oxygenated compounds (such as
alcohols, aldehydes, ketones, acids, phenols, oxides, lactones, ethers, and ester)

e Soluble in water and alcohols

e antimicrobial and antioxidant functions
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University of Veterinary Medicine, Vienna

Essential oils in ruminant research
Rumen
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Patra and Saxena 2009 Extract & Plants Both 2009 multi X (X) X)  X) (X
Klevenhusen et al. 2012 Single & blends Invitro 2012 ND X X
Khiaosa-ard and Zebeli 2013 Single & blends Invivo =~ 2013 multi X X (X)  (X) X
Dai and Ficiola 2019 Single & blends Invivo 2019 multi X
Belanche et al. 2020 Blend (Agolin®) invivo = 2020 Cows X X
Torres et al. 2020 Single & blends Invivo =~ 2020 Lambs X X X
Almeida et al. 2021 Single & blends Invivo =~ 2021 multi X
Daning et al. 2021 Single & blends Invivo 2021 Cows X
Dorantes-Iturbide et al. 2022 Single & blends Invivo 2022  multi (SR) X X X
Makmur et al. 2023 Single & blends Invitro 2023 ND X
Torres et al. 2023 Single & blends Yinvivo 2023 Lambs X X X
Fernandes et al. 2024 Single & blends invivo 2024 Cattle X
Pangesti et al. 2024 Single Yinvitro 2024 multi X X
Permata et al 2024 Single YInvivo 2024 multi X
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Lipids in ruminant research
Rumen
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Beauchemin et al. 2008 Qils, oilseeds and myristicacinvivo = 2008 multi X X (X)
Eugene et al. 2008 Qils,Oilseeds and SFA in vivo 2008 Cows X
Patra 2013 Qils, Oilseeds and FA invivo = 2013 Cattle X (X) X
Knapp et al. 2014 Seeds, oils and inert lipids  Both 2014 ND X X (X)  (X)
Patra 2014 Qils, Oilseeds and FA invivo 2014 multi X X
Dai and Ficiola 2019 Oil (MCFA) & Oilseeds Yinvivo 2019 multi X
Yanza et al. 2020 Oils and FA (MCFA) invitro 2020 ND X X
Yanza et al. 2020 Oils and FA (MCFA) in vivo 2020 multi X X
Almeida et al. 2021 Oil (MCFA and PUFA) invivo = 2021 multi X (X)
Torres et al. 2023 FA & Oil Yinvivo 2023 sheep X X X
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University of Veterinary Medicine, Vienna

Other Compounds

Rumen Associated factors
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Ungerfeld et al. 2008 Fumarate invitro 2008 ND X x) x*
Ungerfeld and Forster 2011 Malate invitro 2011 multi X X X
Desnoyers et al. 2009 Yeast invivo 2009 multi X X
Sales 2011 Yeast (dry live yeast) invivo 2011 sheep X X X
Torres et al. 2022 Yeast and yeast products invivo 2022 Beef cattle X X X X
Ogbuewu and Mbajiorgu 2023  Yeast invivo 2023 Goats X X "
Ogbuewu and Mbajiorgu 2023 Yeast invivo 2023  multi (SR) X X Y X x T
Fernandes et al. 2024 Yeast-based additives invivo 2024 Cattle X
Almeida et al. 2021 Seaweeds (macroalgae) invivo 2021 multi X
Sofyan et al. 2022 Macroalgae invitro 2022 multi X X X T
Sofyan et al. 2022 Macroalgae invivo 2022 multi X X x T
Pepeta et al. 2024 Seaweeds (macroalgae) invivo 2024 multi X
Pepeta et al. 2024 Biochar invivo 2024 multi X
Qomariyah et al. 2023 Biochar invitro 2023 ND X
Qomariyah et al. 2023 Biochar invivo 2023 multi X
Harahap et al. 2020 Chitosan invitro 2020 ND X
Sadarman et al. 2021 Black cumin seed invivo 2021 multi (SR) X Yox Y
Orzuna-Orzuna et al. 2023 Flavonoids: single or blend ‘in vivo 2023 Cattle X X X ) X ) X ) X )
Orzuna-Orzuna et al. 2024 Capsaicin (Terpene alkaloids invivo 2024 Cows X
Fernandes et al. 2024 Propolis invivo 2024 Cattle X
Rezaei Ahvanooei et al. 2024 Monensin invivo 2024 Cows X Y
Fernandes et al. 2024 lonophores invivo 2024 Cattle X
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e Extracts and purified forms of exotic plant origins
 Meta-analyses also show contradicting outcomes
e Overall several compounds show effects at the rumen level

Mainly affecting methanogenesis, SCFA pathways, and N metabolism
When protozoa are suppressed, methane likely goes down

Effects are often stronger in beef cattle than in dairy cattle

More successful with high concentrate diets

Microbial adaptation: weaker or no effect in the long term

They rarely influence rumen pH

* The effects post-rumen vary
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Things rarely studied

» Associated/dependent factors should be considered:
* physicochemical properties under rumen and post rumen conditions, intestinal
absorption, target tissues
* Intact plant vs. extract, single bioactive compounds vs. blends

e Can we rely more on sustainable or economical sources?
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University of Veterinary Medicine, Vienna

Condition Rumen Abomasum Small intestine Large intestine Direct effects
Normal pH pH 6-7 pH 2 pH 7-8 pH 6-7 (i.e., due to its presence)
. . . - . Host & Microbial . ) o
Enzyme actions Microbial origin Host origin . Microbial origin
origins
Absorbed
Condensed tannins (CT) Form complex Complex released Form complex SRR E, CEES E
biogas and soil

. Mainly within GIT, effects on
Hydrolysable tannins (HT) Complex released Form complex ez arelas]
Flavonoids Complex released Biodegraded Local and post GIT
Phenolic acids Complex released ) Biodegraded Local and post GIT, excretion

Biodegraded Biodegraded S

Saponins

Partially biodegraded, Bloat = Low chemcial or enzymatic

Biodegraded, Poorly

Biodegraded Mainly within GIT, effects on

forming hydrolysis (depend on type) absorbed biogas and soil
. . . Some can be greatly . GIT, post GIT, excretion
Biod ded ? Biod ded
Essential oils iodegrade absorbed iodegrade organs
Li pids Freed and heavily Saponified fatty acids are Greatly absorbed not relevant Local, post GIT, and tissues

transformed freed

Based on Bhat et al., 1998; Mutabaruka et al., 2007; Patra and Saxena, 2009; Thilakarathna and Vasantha Rupasinghe, 2013; Rocchetti et al., 2021; del Hierro et al., 2018; Shahidi and

Dissanayaka, 2023; Wang et al., 2023
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Betaine addition as a potent ruminal
fermentation modulator under hyperthermal
# and hyperosmotic conditions in vitro

£1  Mubarik Mahmood,*® Renée Maxine Petri,? Ana Gavriu, Qendrim Zebeli®
and Ratchaneewan Khiaosa-ard®”
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> H
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5 50 -4+ Hyperosmotic/LB E 42 :;.'-"
£ {3 2 2 20
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t @ T 15
@ v 34
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e 30 - . 10
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£ 20 Pooled SEM = 2.3 CPhysiological = Hyperosmotic
@ 25 *
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.................... 3
0 sreiess ' . ” : s 2 X
0 2 4 6 8 10 12 14 16 18 20 22 24 g ¥ y
Incubation time (Hour) g 1s
o
Figure 1. Ruminal disappearance of betaine (expressed as proportional ;3 1
change (%) of 0 h concentration) incubated under physiological and 2
hyperosmotic rumen conditions in vitro. Target 0 h concentrations were < 05
51 mg L™" (LB) and 286 mg L™" (HB). Asterisks indicate differences among ’ CON LB HB

treatments at each incubation hour (P < 0.05). [Color figure can be viewed
at wileyonlinelibrary.com]

Some bacteria and archaea are more tolerant
to stressors (heat, high osmolality, lower pH)
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Anscrobe 65 (2020) 102263

Contents lists available at ScienceDirect

Anaerobe

ELSEVIE journal homepage: www.elsevier.com/locate/anaerobe

Anaerobes in the microbiome

Physicochemical stressors and mixed alkaloid supplementation

modulate ruminal microbiota and fermentation in vitro 1
Ratchaneewan Khiaosa-ard **, Mubarik Mahmood *", Frederike Lerch *,
Franz-Pius Traintinger *, Renée Maxine Petri °, Matthias Miinnich ¢, Qendrim Zebeli *
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Anacrobe 39 (2016)4-13

Contents lists available at ScienceDirect

Anaerobe

journal homepage: www.elsevier.com/locate/anaerobe.

Rumen microbial abundance and fermentation profile during severe
subacute ruminal acidosis and its modulation by plant derived
alkaloids in vitro

Elsayed Mickdam ¢, Ratct Khi
Fenja Klevenhusen

159 Barbara U, Metzler-Zebeli © 4,

a.d.*

4, Remigius Chizzola *, Qendrim Zebeli

iminium (Q+)

Rajecky et al., 2015
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Can we get similar effects from the whole plant
matrix?

Whole plant

All compounds

compounds v
+ macronutrients

residual sugars
and lipids

Single Mulitple

compound

Seed meal

Functlona(; ‘ Functional Feed I
compoun \‘ Seed extract
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Wine by-products as functional feed N

Winery by-products as a feed source

with functional properties: dose-response
effect of grape pomace, grape seed meal,
and grape seed extract on rumen microbial

e Using grape tannins to decrease ruminal N losses from a high-fiber and community and their fermentation activity

in RUSITEC

high protein diet (56-70% High quality hay, dietary CP = 19-20%)
 6diets:
* Neg Con
* Pos Con (control diet + extract) (EXT)
* Grape pomace (GP)- low (10%) and high (20%)
* Grape seed (GS)-low (5%) and high (10%)
e EXT provided 3.4% total phenols in diet, winery by-products from 0.7 — .

2.7% of diet DM . 5.00 - * -
5 6
| 2 1
15 8§ 500 I
SI [=)]
s 131 S 400 -
£ =)
211 Sa 3.00 -
I= £
g g | £ 2.00
IS o
<7 S 100
5 £ o000
COl EXT GPlow GP High GSlow GS high CON EXT GP GP GS GS

low high

low High

*Different from CON, P < 0.05 ‘ . .

+Different from EXT, P < 0.05
Photo: R. Khiaosa-ard & Eduard Taufratzhofer
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Summary

* Possible to obtain similar effects of bioactive compounds in the plant matrix

* The more natural state of the product the friendlier the effect on rumen microbiota

* Modulation of a few genera might be sufficient to facilitate the community’s
functions

* Understanding the biochemistry and the fate of a compound under your test rumen
conditions (which are affected by basal diets)

* Importance of positive controls
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Future of bioactive compound research: Which
direction?

* Use biomasses having low or no competition with human consumption
* Ask deeper questions about the biomass

» Effects beyond the animal level: we all are interconnected.



Fruit juice industry by-products

Fibers

Bioactive compounds

Pectins
Minerals

Sugars (& starch) Vitamins

Lipids Protein

Photo: modified from www.feedipedia.org Page 25
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Flavanones Flavones
Nechesperidin Rhoifolin
&
]
n
Nanngm Eriocitrin Diosmin
ut%% 5 on
Hesperidin Neceriocitin Luteclin-7-O-glucoside
polymethoxylated flavones (PMFs) Flavonols
B e o e
o
Quercetin Asragur‘n
Nobiletin Tangeretin
o o HO.
4}?& S vos
A .
i "
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The impact of citrus pulp inclusion on milk performance of dairy cows: A &=
meta-analysis

Thomas Hartinger *, Mubarik Mahmood ", Ratchaneewan Khiaosa-ard ™

* Centre for Animal Nuition and Welfare, Universicy of Veterinary Medicine Vienna, Veteriniplacs 1, Vienna 1210, Austria
¥ Department of Animal Sciences, University of Veterinary and Animal Sciences, Lahore, Subcampus Jhang, Jhang 35200, Pakistan

Highlights
= Citrus pulp is rich in fibers, pectins and sugars but low in starch.

= Including up to 10% of citrus pulp in dairy rations improved milk
yield and fat yield.

= Higher inclusion levels could affect intake but still maintain milk
energy output.

= Citrus pulp has lipogenic properties by increasing milk fat
precursors in the rumen.

» In support of sustainable farming, citrus pulp could become a

common dairy feedstuff.
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Fruit and crop by-product silages
SCFA Acetate to Propionate Ammonia-N
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+ See session 90 : Nutrition and feeding in the circular economy (16:30)

Rice straw or
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Journal of Dairy Research Effect of inclusion of bakery by-products in the
combridge.org/dar dairy cow’s diet on milk fatty acid composition

I journal www.elsevier.

. . Ratchaneewan Khiaosa-ard, Anna Kaltenegger, Elke Humer and Qendrim Zebeli
Pomegranate seed pulp, pistachio hulls, and tomato pomace @mssm‘

as replacement of wheat bran increased milk conjugated

linoleic acid concentrations without adverse effects on
ruminal fermentation and performance of Saanen dairy goats

A. Razzaghi?, A.A. Naserian®*, R. Valizadeh?, S.H. Ebrahimi?, B. Khorrami®,
M. Malekkhahi?, R. Khiaosa-ard"®
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Table 1. Essential oil composition, antioxidant activity, and total phenolics

of the tested sigla storax.

Composition of the essential oil (% of total identified components)

Compounds RI Sigla storax
4-Fthyl-Phenol 1172 0.5
Benzenepropanol 1234 0.2
E-Cinnamyl alcohol 1307

a-Cubebene 1353 1.0
Hydrocinnamyl acetate 1373

f-Cubebene 1392

E-Caryophyllene 1421

A-Copaene 1432

Cinnamyl acetate 1449

Ethyl-Cinnamate 1468 0.7
trans-4,10-Epoxy-Amorphane 1479 1.3
Germacrene D 1483 0.5
epi-Fubebol 1494 0.5
a-Muurolene 1502 1.0
Cubebol 1518 0.5
§-Cadinene 1527 1.4
Oxygenated Sesquiterpene 1629 1.9
§-Cadinol = Torreol = 1650 4.9
a-Muurolol

Benzyl cinnamate 2093 1.0
3-Phenylpropanyl 2174 0.7
cinnamate—isomer

Z-Cinnamyl cinamate 2256 0.7
3-Phenylpropanyl cinnamate 2320 38.1
E-Cinnamyl cinnamate 2424 38.8
Sum 959

Antioxidant activity and total
phenolics
Test system

DPPH

FRAP

Total phenolics

Activity (mg g1)
Trolox equivalents

Gallic acid equivalents

FeS04.7H:0
equivalents
Gallic acid equivalents

Catechin equivalents
Gallic acid equivalents

Sigla storax

14.8
6.0

88.2

79.2
57.9

hitps:/doi.org/10.1033/jambiofixad154
Advance access publication date: 20 July 2023
Research Article

of .
=5 *

L Al

A typical 60% concentrate diet

4 treatments:

Sigla storax (Liquidambar orientalis) mitigates in vitro
methane production without disturbances in rumen
microbiota and nutrient fermentation in comparison to
monensin

Ahu Demirtas’, Cétia Pacifico??, Theresa Gruber®, Remigius Chizzola®, Qendrim Zebeli®,
Ratchaneewan Khiaosa-ard®"

* Neg control (no additive)
* Pos control (monensin)
* Low Sigla oil

Methane %

"\ igh Sigla oil

Liquid
& .
& Treatment
_g h e - & Control
- \ L] . & Monensin
o = . »
9 _— - . '. " # High-Sigla
. . . 1 . # Low-Sigla
- . . -
1 ® L
I
-' .
L] 2 A4 -2 o 2 4
PC1 [24.3%]
Figure 1. Beta-diversity of micrabiota detected in the liquid and solid fermenter content. Effect of matrix: F = 14.208, R? = 0.16872, P < 0.001; Effect of 10
treatment for liquid: F= 5.502, P < 0.001; Effect of treatment for solid: F= 2.883, P < 0.001. Control: no additive; Low-Sigla: 100 mg I~ of sigla storax;
High-Sigla- 500 mg =" of sigla storax; Monensin: 10 mg |I-! of menensin sodium salt 20




Form and properties of compounds in the
biomass

PA: 4-hydroxybenzoic, p-
coumaric, vanillic,
protocatechuic,  gallic,
caffeic, and ferulic acids.
F: catechin, epicatechin
and kaempferol.

PA: chlorogenic, caffeic
acid, coumaric, gallic and

ferulic acids.
F:  rutin, quercetin,
catechin, apigenin,

kaempferol.

Primary
cell wall

Cellulose
Pectin

Hemicellulose
BOUND PCs

VEGETAL CELL WALL

Phenolic
compounds

Photo: Rochetti et al., 2022

Photo:Quirds-Sauceda et al.
Rochetti et al., 2014

Behavior of Key Phenols During Wine Aging
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Young

One Year Aged

Photos: Angelosante, https://www.guildsomm.com/
https://winefolly.com/
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Feed safety issue: microbial comtaminants

Anaerobe

Volume 89, October 2024, 102893

Anaerobes in the microbiome

Changes in the solid-associated bacterial

nghhghts and fungal communities following ruminal
in vitro fermentation of winery by-products:
* Rumen bacteria and fungi were sensitive to grape phenols in an aspects of the bioactive compounds and
extract form. feed safety

Ratchaneewan Khiaosa-ard ° 2 & B | Catia Pacifico 2}, Mubarik Mahmood ©,

Elsayed Mickdam <, Julia Meixner °, Loura-Sophie Traintinger % Qendrim Zebeli ©

* Winery by-products introduced non-Saccharomyces yeasts into the
rumen community.

» Affected genera were not major contributors to the nutrient
degradation,

* Donor cows' microbiota data are essential when interpreting the in
vitro effects.

Photo: R. Khiaosa-ar
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Feed and food safety: chemical contaminants

DON

Sugarbeet pulp

Mango peel

Citrus pulp

Apple pomace
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Conclusions

Bioactive compounds play important roles in the food system

Rethinking about the sources

* researching your locally available resources

e Commonly abundant biomassess

* Jlow to no competition with the sources for human needs

Understanding your target biomass

» Seeking more information and collaborations with other fields (e.g., botany,
biochemistry, pharmacology, microbiology, food science and biotechnology,
environmental science)

Considering the effects beyond the animal level
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