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© The problem: Food wastage

15% of food produced
is lost from the
post-harvest to
the retail stage.

59 million tons of food
waste per year in EU
(131kg/inhabitant).

32.6 million people
suffer from Food
Insecurity in EU.

16% of GHG Emissions
from the EU food system.

Need to:
Revalorize food losses
Reduce food-feed competition

(Eurostat, 2021 and FAO, 2019)
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Bakery products as feed:
an increasing trend
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U What are Bakery Products (BP)?

Food Loss #  Food Waste
| 41|

{

Food By-Products On Farms Restau rants

secondary products

Examples:
- Cocoa bean shell During Sold to
(CBS) Transport consumers

derived from the During In A
production of a
srineteel sresiuE storage Households

Regulation (EC) No 1069/2009 and No 68/2013
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U Research questions

Simple Rapid ruminal fermentation  risk of sub-acute
sugars rumen acidosis?
Bakery ) Higher digestibility Change in ruminal
Products Processing > VFA?

Effects on Rumen
microbiota and
Gas emissions?

Antimicrobial effect

Polyphenols

A

Cocoa
Bean Shells

Hypothesis

- Feeding up to 55% BP in the diet would be well tolerated by cows.

- CBS at 5% would decrease ruminal emissions
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¥ Methods — study design

Spring vs Autumn trials

Freshly cut herbage (grass:legume 70:30) offered 6 times per day

: I
Adaptation I Cereal-based concentrate (CON), n=11
5 -> 6 kg (as fed) I o _

concentrate/cowl/d | 55% Bakery Products (BP), n=12

Early-lactating Holstein cows. 155% BP + 5% cocoa bean shell (BP+), n=11
Mean milk yield: 417 kg/d. @ O O O )
Dry matter intake: 22+3 kg/d. \\/1 W2 W3 W4 W5 W6

(baseline)
S &, & VFA,
Ruminal fluid y y y microbiota
AN AN AN

Albumin,
Blood creatinine, NEFA,

glucose, sodium

Daily measurements >
Feed intake, milk yield, reticular pH, gas emissions
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¢ Methods — Diets

Concentrate ingredients

% CON BP BP+
Bakery products - 55 55
Cocoa bean shell - - 5
Corn 31 31 31
Barley 31 - -
Wheat 33 - -
Corn gluten 3 5 5
Minerals 2 3 3
Straw meal - 5 -

BP vs native cereal grains:
- lower in starch
- higher in fat and sugar
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Chemical composition of concentrates
(in g/kg DM, unless otherwise specified)

Spring trial Autumn frial

Herbage CON BP BP+ Herbage CON BP BP+
DM 160 885 910 = 910 138 881 909 908
OM 94 557  65.8 66.6 120 550 586  61.7
ADF 272 432 717 747 245 453 730 727
NDF 426 142 149 136 386 144 137 124
cp 185 105 114 114 232 103 109 105
WsC 110 39 141 142 90 34 165 172
Starch - 653 402 = 397 - 641 371 367
EE - 63.6 114~ 119 - 59.4 102 104
NE, (MJ/kg DM)' 6.2 8.5 8.8 9.0 6.4 8.5 8.8 8.9
GE (MJ/kg DM) - 19.1 20.1  20.1 - 186 194 | 19.4

1Estimated for

concentrates, respec

herbagze and concentrates following equations for roughage and

ively (Agroscope, 2021)
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¢ Methods - Statistics

Software: R-studio (v 4.3.2)

Rumen Microbiota

Alpha diversity: number of ASVs, Chao1, Simpson, Shannon (microbiome package)
Weighted and unweighted Unifrac distances calculated on rarefied ASVs.

Linear Discriminant analysis of Effect Size (Lefser package)

Correlations of microbiota with gas emission data (MaAsLin2 package).

Other data

ANCOVA test (Ime4 package)
« Baseline values = covariate.
 Time = fixed effect;

* Animal = random effect.
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U Results — Dry matter intake

Peeason <0.001
I:)concentrate 0'05

Psyc 0.012 b

s ab ab - ab ab
2 -
£ 20 a
¥ _ 15 No differences in concentrate intake
)
£= 1
. Differences in DMI due to different herbage intake
5 s

CON BP BP+ CON BP BP+

Spring Autumn
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U Results — Reticular pH and ruminal fluid analytes

Pseason 0.10
F)concentrate 0'01 5
P.,. 0.004
7
6,8 b ab b
T 66 : ab = a a
Qo a
« 64 =
©
S 6,2 -
(@)
= 6
o
— 58
©
5,6
(O]
= 54
52
5
CON BP BP+ CON BP BP+
Spring Autumn

BP and BP+ had no detrimental effect on reticular pH

BP and BP+ increased acetate -> 4 lipogenic precursor

BP and BP+ decreased propionate and valerate ->
J' glucogenic precursors
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Shift from gluconeogenic to lipogenic metabolism

Ruminal fluid analytes
= N w N (&) (o))
o o o o o o

o

(o)) ~
o o

a
o

Ruminal fluid analytes
> 3 8 &

o

a
T T
a abb || II b a

Proprionate (mol%) n-Valerate (mol%)

Ammonia (mM

a Pab

Ammonia (mM)

Spring

Acetate (mol%)

CON

BP mBP+

Autumn

2 b b
TT

Acetate (mol%)

CON

Proprionate (mol%) n-Valerate (mol%)

BP

mBP+

a
[

ba a
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U Results — Gas emissions

800
700
600

o
o

g CO2 / kg DMI
w B (o))
o o
o o

200
100

P
P
P

concentrate 0.942 Pconcentrate 0.771
time 0-065 Pme < 0.001
cxt 0679 PCXt 0-043
25
T I = I - - C bC C
T abc abc
20 a ab
= T T
0
915
T 10
O
(@]
5
0
Wi w3 WwWe W1 W3 W6 W1 W3 W6 W1 W3 We W1 W6 = W1
CON BP BP+ CON BP BP+

Slight tendecies/differences only in spring trial

No concentrate effect on gas emissions corrected for DMI

C
W6
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U Results - rumen microbiota

I:,concentrate 0045
P 0.615
P, 0.297

900
800
2700 T 7 [
é 600
S 500
o I
> 400
(]
2 300
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100
0
W1 W3 W6 W1
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[
W3 W6 W1
BP

ab

W3 We
BP+

I:)concentrate 0 . 239

Pyme 0.332
P, 0.031

8

7 b bc ° be c

5 abc bC [ abc [ ab
5 ° |

5

%3

2

1

0

w1 w3 We W1 W3 We W1 W3 W6
CON BP BP+

Effects observed only in the spring trial

BP increased Observed ASVs index compared to CON and BP+
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U Results — rumen microbiota

Spring W6 Autumn
Weighted UniFrac Distances
Treatment
BP
02 7 BP+
021 CON
Effects on beta-diversity p P
< <<
only at W6
-0.25 Ais 1 :).[5]109.1%] 0.25 -0.2 0.0 Axis 1 [33.1%] 0.2 04
BP vs CON CT vs BP and BP+
- P=0.005 P=0.002
v
S
o
<
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U Results — rumen microbiota

Spring Autumn

g_Succinivibrionaceae_UCG-001 | /=l =llokiiziicn <oy

g_Succinivibrionaceae_UCG-001 { \E S5k iz lie.
f_Prevotellaceae; g_unclassified

f _Prevotellaceae; g_unclassified

: g_Anaeroplasma Rl EeRIE = =
Main substrates:

Ruminococcus .
9_ fibre and cellulose

Lipid metabolism,

BP g_Rikenellaceae_RC9
BP+

g_Succinivibrionaceae_UCG-002 [OGUCE SUCCINSIE Hemicellulose degradation

(Hydrogen trap)

. CON g_UCG-010 Negatively correlated with

g_Prevotellaceae_UCG-001 | Zielellfe=r =il valerate

g_Absconditabacteriales_(SR1) [ Elnlicienlici =i CESIe i Main substrate: carbohydrates

g_Bacteroidales_BS11 Degrade hemicellulose

sugars (glycolisis) f_Lachnospiraceae; g_uncultured
0 1 2 3 4 5

o LDA score (log10) 0 1 2 3 4 5
) LDA score (log10)
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U Results — Gas Emissions associated microbiota

Top 50 ASVs correlated with gas emissions and time points

0O O 0O O
SSOTTO SSOTTO
w o w o
B - . Lachnospira * | Prevotella uncultured rumen.597
. Anaeroplasma . . Prevotella bryantii.7
H- . Prevotella.241 AP | Prevotella ruminicola.20
. . Fibrobacter =« 4 . Clostridia_UCG_014
- % . Prevotella.200 . Anaeroplasma uncultured rumen.45
-+ . Uncultured + . Prevotella uncultured rumen.707
HiZ + . Lachnospira N - . Saccharofermentans
A . Prevotellaceae_ UCG_001 . Anaeroplasma uncultured rumen.21
-H + - Lachnospiraceae_ NK4A136 - 4. Clostridia_UCG_014_uncultured
- Treponema_uncultured rumen.3 a = . Lachnospiraceae_AC2044
- e . Treponema_uncultured bacterium.49 + . RF39
H - . Succinivibrio Presented as candidate to >+ | Prevotella uncultured rumen.358
& . Bacteroidales_ RF16_group.4 . ++ . Bacteroidales.12
. & Prevotella.135 compete with methanogens SUED VB Selermonadaceas.8
- . Seggn&l)lj (Pope et al., 2011) : énaer;)ﬁ)llasma %récultured rumen.28
. : . + . Prevotellaceae.
. - - Succinivibrionaceae_UCG_001_’]\ in CON + . Treponema saccharophilum
- . Bacteroidales_ RF16_group.26 B & . Shuttleworthia
- + - Bacteroidales.18 (order) . . + . Oribacterium
- + . Ireponema_bacterium_WCE3006 CeIIquse-degradmg and succinate- . Succiniclasticum
- . Erevo:e::a uncu::ureg rumen.ggfrl producing bacterium = = . E;i\r/]cr)]toesllsi.rzfcf;lae 1 7{family)
- - Prevotella uncultured rumen. ) - J :
o - + . Lachnospiraceae Eubacterium uniforme.1 (Fakih et al., 2023). . Prevotella.190
- = - Lachnospiraceae.35 (family) /]\ in BP + . Fibrobacter_succinogenes.35
+ . UCG.004 . F082

Pope et al., 2011. https://doi.org/10.1126/science.1205760; Fakih et al., 2023. 10.1128/msystems.01027-22



U Conclusion

Replacement of 55% of cereals by bakery products in early lactating dairy cows:

» Does not affect animal DMI, regardless of the presence of cocoa bean shells.
» Does not increase the risk of sub-acute rumen acidosis.

» Only in spring, increased the abundance and the biodiversity of rumen bacteria, but cocoa bean shells
mitigated this effect.

» The hypothesis that cocoa bean shells could have reduced gas emissions was not confirmed.

The use of bakery products in concentrates for early lactating dairy cows is promising and could improve
the sustainability of the livestock.
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U Results — milk quality

Pseason 0-17 Pecason 0-68
P concentrate 0-012 P concentrate <0-001
5 PSXC 040 b 6 PSXC 095
4,5 a C C
4 2 - a a P ° - P a - t—) a
—~35 = = §
) o’
= 3
L 25 s 3
= 2 ®©
= 1,5 i_c 2
1 =
]
0,5
0 0
CON BP BP+ CON BP BP+ CON BP BP+ CON BP BP+
Spring Autumn Spring Autumn
BP+ increased milk fat in both Spring and Autumn trials CON had higher lactose content compared to BP and BP+ in

both Spring and Autumn trials

No diet effect on
Milk yield, ECM vyield, protein, urea and somatic cells
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