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Background: Y- aminobutyric acid (GABA)

» GABA is a non protein amino acid serving as an important

inhibitory neurotransmitter (Dhakal et al., 2012). |
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suppressing obesity and inflammation (Hwang et al., 2019);
Induces hypotension (Hayakawa et al., 2004; Inoue et al., 2003);
* Cure diabetes (Adeghate and Ponery, 2002);

* High antioxidant activity (Wang et al., 2013);

* Enhancing immunity (Abdou et al., 2006).

Hou et al. 2024. DOI:10.1080/10408398.2023.2204373
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GABA is synthesized from Glutamate in GAD
catalyzed reaction

GAD is a biologically synthesized y-enzyme
found in animals, plants, and microbial cells
(Fenalti et al., 2007).

However, GABA formation from microbial GAD
has become one of the most effective means for
industrial production of GABA.

The most common  GABA  producing

microorganisms include lactic acid bacteria (LAB),

molds, and yeast (Cui et al., 2020; Dhakal et al.,
2012).

Background: Y- aminobutyric acid (GABA)
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Background: Study objectives

y-aminabutyric acid
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» Since LAB produces GABA and we generally use LAB

Animal Feed Science and Technology

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

as silage inoculants.

Check for

Enrichment of corn and alfalfa silage with y-aminobutyric acid Pn
through inoculation with a screened high producing
Lentilactobacillus buchneri strain
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Lentilactobacillus buchneri  which did not only s 0l

ARTICLE INFO ABSTRACT

L] . L] .
I I I I p rove t h e S I I a g e fe rl I l e n tat I O n q u a I Ity b u t a I S O Keywords: This study aimed to enrich corn and alfalfa silages with y-aminobutyric acid (GABA) by utilizing

Lentilactobacillus buchneri-YM9 high GABA-producing Lentilactobacillus buchneri. Eleven strains were screened and L. Buchneri
YM9 was distinguished for its superiority in GABA production, and it was subsequently applied as
Glutamate decarboxylase (GAD) . ) N N . N
. N i an inoculant on whole-crop corn and alfalfa silage. The silage treatments were control (without
Functional silage

O o O inoculant), AH35 (non-GABA producing strain), YM9 (high-GABA producing strain), and 40753
e n rl ‘ e I t W I t (commercial GABA producing strain). The results revealed that in corn silage, pH significantly
. declined at the initial ensiling stage (3-7 days), with the control having the lowest pH after 90

days. The control also exhibited the highest lactic acid, while L. buchneri treatments had elevated
acetic acid. Similar trends were observed in alfalfa silage, with 30 % dry matter (DM) showing

y-aminobutyric acid (GABA)

lower pH and higher organic acids. YM9-inoculated corn silage had higher DM loss, reduced
water-soluble earbohydrates (WSC), but increased erude protein (CP) content. YM9 and 40738
treatments in whole-crop corn silage had lower glutamate (Glu) content post-ensiling, signifying
effective GABA production. YM9 treatment maintained stable and higher glutamate decarbox-
rlase (GAD) activity, resulting in the highest GABA accumulation in corn silage (1.97 g/kg DM).
kewise, YM9 and 40788 demonstrated significantly higher GABA content in 30% (7.6 and

. . . 6.51g/kg DM) and 40% (5.23 and 5.32g/kg DM) DM alfalfa silage. Beyond enhancing

> S u b S e u e n t I We fe d d a I r O a tS W I t h G A BA e n r I C h e d fermentation and nutrient preservation, YM9 strain shows promise in enriching whole-crop corn
I and alfalfa with ample GABA concentration, potentially exerting anticipated biological functions

when consumed by animals.
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Preliminary study: Enriching silage with GABA
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Feeding trial:
Dairy Goats’ experiment

> Anlm alsz A o - = , Leriactobaaciim plantarr VIS Crras)
) ! : r e | gl “ecmbeccikisplasianm AHRS (Ao
« 36 dairy goats (mid-to-late lactation; 41.07 kg avg. BW). o * i
> Design: Table 1: Experimental TMR and silage GABA concentration
 Blocked by baseline DMI/milk yield Inclusion level (%)
Item SEM p-value
« Randomized via R blockTools (n=12/treatment) CK AH35 YM9
TMR fed ad libitum (60% AM, 40% PM Tl 2 % e . .
ed ad libitum(60% ¢ v ) corn grain 25 25 25 3 :
; Flaxseed 4 4 4 = "
» Sampling: Wheat bran 13 13 13 . :
- Feed: Silage from each bag; daily Intake and ort SodiuialiatTuilgicsaEN s L - -
X Premix 2 2 2 3 3
« Milk: Weekly pooled samples (AM:PM=6:4; bronopol @4°C)
« Blood: Juglar vein (Day 45) Silage GABA Concentration (g/kg DM)
« Rumen: esophageal suction tube (45 days) a0k S:Sile 238 4242 0SS
et A y 90 d 6.06b  537c  6.99a 015 <0.001
« Tissue: Mammary biopsies (Day 45) for mRNA/qPCR Composite 5.68b 4.87c 6.81a 0.24  0.001

» Analysis:

« Mixed model: Diet (fixed effect), Animal (random effect ‘
( ) ( ) l Pre-adaptation & Adaptation _Antake and milk data collection/

10days/ 14 days Ve 21 days p




Feeding trial:
Dairy Goats' Performance, Milk Components

Table 2: Dairy Goat’ s Performance and Milk Components

term Treatments SEM o-values
CK AH35 YM9

DMI, kg/d 1.842 1.78b 1.66¢ 0.010 <0.001
Weight gain 4.31 5.91 5.95 0.83 0.291
Milk production

Milk yield, kg/d 0.64° 0.58P 0.642 0.016 0.008
Milk yield, g/kg DM 350°b 331b 383a 9.210 <0.001
ECM, kg/d 0.38 0.42 0.45 0.049 0.648
ECM, g/kg DM 209 241 267 28.7 0.367
Fat, g/kg DM 9.78b 12.52 13.42 0.334 <0.001
Protein, g/kg DM 12.5b 14.4? 15.22 0.365 <0.001
Lactose, g/kg DM 15.2b 14.9P 17.12 0.428 0.001
Casein, g/kg DM 10.5P 11.92 12.82 0.305 <0.001
TS, g/kg DM 39.7¢ 43.8b 48.0° 1.130 <0.001
SNF, g/kg DM 31.5P 33.2b 36.9a 0.879 <0.001

GABA, pmol/L 1145 111b 1522 3.99 <0.001




Feeding trial:

Dairy Goats' rumen fermentation profile

Table 3: Dairy Goat’ s rumen fermentation profile

Treatments
Item SEM p-values
CK AH35 YM9
pH 7.25 7.20 7.20 0.04 0.569
TVFA 44.21 45.56 38.99 2.55 0.173
Acetate 32.29 33.72 28.31 2.00 0.156
Propionate 6.29 6.27 5.31 0.45 0.223
Butyrate 3.47 3.64 2.97 0.19 0.050
Isobutyrate 0.78 0.74 0.83 0.03 0.032
Valerate 0.32 0.29 0.25 0.02 0.022
Isovalerate 1.04 0.91 1.02 0.03 0.006




> Feeding trial:
}" Dairy Goats' serum GABA, prolactin and oxytocin

8.
. e Treatment ;
« Dietary GABA Induces satiation (Nakamura et B -
al. 2022). W oo
| Il yve
» Donoso and Zarate (1981) suggest that GABA a
: i . b
in basal condition has a pharmacological . c
ability to increase prolactin release.
« Prolactin is known to stimulates milk synthesis, B
while oxytocin is crucial for the milk ejection
reflex, also known as let-down.
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Fig. 4: Dairy Goats' serum GABA, prolactin and oxytocin



Feeding trial:
Dairy Goats' mammary gland genes expression
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Fig 5: Mammary gland proinflammatory/oxidant genes expression
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Feeding trial:
Dairy Goats' mammary gland genes expression
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Fig 6: Mammary gland anti inflammatory/anti-oxidant genes expression
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Feeding trial:
§“ Alpha diversity of the rumen bacterial community
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AH35 reduced microbial alpha
diversity across all indices,
indicating a negative impact
on microbial richness and
evenness.

YM9 mitigated this effect,
maintaining diversity levels
comparable to the CK.

Hence, YM9 may support a
more diverse and balanced
microbial community
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Fig.7: Alpha diversity of the rumen bacterial community




Feeding trial:
Venn Diagram and PCoA of the rumen bacterial community
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Fig. 8: Venn diagram of ruminal bacterial operational taxonomic unit (OTU) Fig. 9: Principal coordinates analysis (PCoA) of the rumen bacterial community
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Feeding trial:

Relative abundance LEfSe analysis of rumen bacterial community
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Fig. 10: Relative abundance of the rumen bacterial community at genus level

Fig. 11: Linear discriminant analysis (LDA) and effect size measurement (LEfSe)
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Summary

Lentilactobaccilus plantarum YMO (YMO9)

Lentilactobaccilus plantarurm AH35 (AH35)

Baled sil T GABA
aled silage t Oxytocin

t Prolactin

Mammary gland genes
* NADPH oxidase 4 (NOX4)
| TumorNecrosis factor (TNF)

Lo

Performance

GABA Enriched TMR | DMIgrkg
1 Milk yield g/kg DMI
T Milk lactose g/kg DMI
1 Milk total solid g/kg DMI
T Milk solid not fat g/kg DM
4 Milk GABA pmol/L

| Interferon gamma (IFNG}
1 Nuclear factor Erythroid 2 like 2 ( Nrf2)

> SOD1
Glutathione peroxidase 1 (GPX1)
GPX2
t+ CcAT
1‘ Glutathione-disulfide reductase (GSR)
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}_. Take home message

What is the actual mechanism of which dietary GABA is
metabolized by dairy animals to enhance serum GABA,
prolactin and oxytocin that led to higher milk production

efficiency per unit of DMI?
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