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Garlic Bioconverted by Bacillus subtilis Stimulates the
Intestinal Immune System and Modulates Gut Microbiota

Composition

Genevieve Tonog, Hyunjun Yu, Sung-Kwon Moon, Sanghyun Lee, Hyeleen Jeong,

Kwang Bin Kim, and Hoon Kin*

defense in humans 1" However, daily ex-

Scope: This study eval the | of b  garlic fe posure to complex microbial environ-
(BGFs) to llate thi 1] and modul ecal ments affects the intestinal immune sys-
microblota composition. tem. The intestine is the largest im-

Methods and results: In vitro, BGF significantly enhances Peyer's patch
[PF]-deInd bone marrow cell proliferation and increases the production of

A (IFN-y), g

analysis reveals that BGF and

Y colony stimulating factor
(GM-CSF], Interleukin (IL}-6, and IgA but not IL-4, IL-5, a0 IgE. Oral
administration of BGF to C3H/HeN mice for 4 weeks significantly increases
the GM-CSF (42.1-45.8 pg mL™") and IFN-7 (6.5-12.1 pg mL"") levels in PP
cells. BGF also significantly elevates the levels of tumor necrosis factor-alpha
(TNF-a, 165.0-236.3 pg mg '), GM-CSF (2.4-3.0 ng mg ™), and IFN-y
(1.5-3.2 ng mg ™"} in the small intestinal fluld, and TNF-z {2.2-3.1 pg mL™")
and IFN-y {10.3-0.21.5 pg mL~") in the mnms-'um. Cecal microbial

mune organ in the body comprising
anatomically defined segments w‘JLh dls—
tinct physiclogical and &

components. It consists of dispersed in-
nate and adaptive effector cells and orga-
nized lymphoid tissues, such as Peyer's
patches (PPs).l¥! PPs are primarily lo-
cated in the jejunum and ileum and
have a specialized follicular epithelivm
of microfold cells (M cells) that trans-
port antigens from the lumen to immune
cells, such as dendritic cells, in tissues|?l
and These i cells circulate tf }

decreases Actinobacteria and h:llulﬂﬂlnpllylumlndlnmlm.ﬂﬂm

the body through the mesenteric I;-mph
nodes and stimulate both local mucosal

genus level, BGF significantly

250 mg kg1 BW-" day-"), Bacteroides (125 and 250 mg kg~ BW-1 day~T),
and Akkermansia (125 mg kg~' BW~" day~") and decreases that of
Bifidobacterium (62.5 and 250 mg kg~! BW- day~') and Limosilactobacillus

immune activity and the circulating im-
mune system upon activation. ']

As T0%-80% of immune cells are
present in the gut, the complex interplay
amongthe intestinal epithelial layers, im-
mune system, and gut microbiome has
= been extensively explored.!*! Gut epithe-

B lium plays a crucial role in protecting the

(125 and 250 mg kg ' BW " day~').
Concl This study provides the first of BGF's ability to
P i i B
| as a novel fi I | b g
1. Introduction

Intestinal immune system. an integral component of the
mucosa-associated lymphoid tissue, is crucial as the first line of

host from infections: it consists of a layer
of mucus that serves as a barrier against
pathogenic irvasion! Gut microbiota
synthesizes vitamins, breaks down proteins and complex carbo-
hydrates, and generates various metabolic products, including
short-chain fatty acids (SCFAs), which mediate the interactions
between immune cells and the gut epithelium ¥ In addition
to the local mucosal immune responses in the gut, the gut
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Bacillus subtilisBBS825
)

Peeled garlic

C3H/HeN mice

Oral administration of BGF

GM-CSF 1
----- [FN-y 1
TNF-a 1
IL-4 —
IL-5—
IgE —

Small intestine (Peyer’s patch)

[ Phylum ]

Bacteroidota 1
Verrucomicrobia 1
Actinobacteria |
Bacillota |

[ Genus]

Bacteroides 1
Akkermansia 1
Fusimonas t
Bifidobacterium |
Limaosilactobacillus |,

Large intestine (cecal microbiota)

In vitro
Bioconverted garlic ferments In vivo
(BGF)
Acclimation
-7 days 0

v

4 weeks
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ARTICLE

Immunostimulatory effects of Bacillus subtilis-fermented garlic
(Aglio): An in-depth in vitro and in vivo analysis

Hyunjun Yu,** Genevieve Tonog,3" Sung-Kwon Moon,® Sanghyun Lee,” Hyeleen Jeong,® Hae Soung

Aeceived 00th lanuary 20,
Kim,? Kwang Bin Kim,* Hyung Joo Suh,® Hoon Kim,**

‘Accepted 00th January 20w

- 40,1035 ool . P . - . - - -
bk o4 Abstract: This study evaluated the immunostimulatory potential of garlic fermented with Baciliur swbeiis [Aglio) and

identified the underkying mechanisms using in vitro and in viva models. Aglio sign? iy activity.
with increazed THF-a (9.3-46.6 fold), MCP-1{5.3-41.4 fold), IL-6 [2.1-32.1 fold), and IL-12 [1.1-5.5 fold) secretion compared
to those of the stancard garlic extract. This Smulatony activity was with MAPK (ERE, JNE, and p3E]
and NF-xB (IxBa and pES5) signaling pathway sctivation. Aglio significantly incressed splenocyte proliferation [1.6-2.8 fold)
and TNF-a [32.5-86.6 fold), IFN-y (26.6-362.3 fold]. GM-CSF [2.1-3.9 fold). and IL-6 [10.3-116 fold] secretion. Gene
expression anzlysis revealed Thi-related T-Bet upregutation and Thi- and ThiT-related GATAT and FOXP3 downregulation,
indicating 3 Thl-megiatad splenocy vt izm. Oral of Aglic (125 and 250 mg/kz] te BALE/C
mice increased splenocyte profiferstion [2.1-3.3 fold) and elevated splenic cytokine [TNF-g, 1.8-2.7 folg; GM-CSF, 2.2-23
fold; IL-6, 1.9 fold) and antibody (g4, 1.4-18 folg; lG, 1.0-1.7 fold) levels. Aglio sdministration slso increased serum THF-
@ (2.1-3.3 fold), IL-6 {1.0-11 fold). and IgG [1.6-1.8 fold) levels. Nutrient analysis indicated that Aglio lacked detectsble
carbahydrates and had negligible protein 3nd polyahenal conterts compared o standard garlic extracs, suggesting complete
bigtransformation during fermentation. These findings demonstrate Aglio-mediated immune activation, highlighting it
potential a5 3 functional food or nutraceutical agent for immune enhancement.

=82 (Food & Function, JIF 5.1, 81.2%)

2+ @

Garlic Bacillus subtilis BBS825
)

Introduction

Garlic [Allium sgtivum L.) has traditionally been used as a seasoning
in oriental cuisine and various other dishes. Garlic has multiple
physiclogical and pharmacological functions in addition to its use in
traditional medicine to treat typhus, dysentery, cholera, and
influenza.’ These include cardicprotective,” anticancer,” common
cold-relief * antibacterizl ¥ anti-inflammatory,® hepatoprotective,”’
and immunomodulatory® effects. Garlic contains over 200 chemical
compounds, including organosulfur compounds, allicin, ajoene,
diallyl polysulfides, vinyldithiins, and 5-allyloysteine

Recent advances in microbial food fermentation have focused on
transforming chemical constituents from raw materials into
biolegically active metabolites 1 These bioactive metabolites
produced during microbizal fermentation have been used as potential

aof ond Life Science, Korea Unkwersity, Seoul
02841, Saueh Kared. E-mal: ahstm)7 7@ kovea. ac.ky, suh] S60&korea.ac kr

*Deportment of Foad and Nutrition, Chung-Ang Unkversity, Anseong 17545 South
Forga. E-maif: a1, S AT,
saphead ] IGE@henmal ner

« Deportment of Fiant Stience and Technalogy, Chung-Ang Universicy, Arseang
17546, South Korea. E-mall: sieeg@cau.oc.kr

“GRH Blo Co,, Lid, Gopeng 23038, Socth Korea. E-mall: gnhbiog@aaver.com,
Richen@naver.com, kkb418 @ naver.com

1 Electranic supplementary informaticn |E51) avalabie. See DOL:
hezpe:fidol. ong 10, 1038, hoD0000:

#The authars contributed equally to this work.

ingredients in nutraceuticals and functional food formulations.™
Fermented food products have particularly been receiving increased
interest because of their promising health benefits, including
|protection against infectious agents, immunomodulatery effects,
anti-allergenic propertias, anti-obesity, antioxidant, and anti-anxiety
effects 4% Furthermore, fermented foods containing probiotic
bacteria can enhance the immune function.* Therefore, identifying
matural products with novel prospects with the aim to develop
potent and safe immune-enhancing ingredients, referred to as
funictional foods, ™ has attracted considerable attention. Consuming
specific functional foods can boost immune system activity by
stimulating T cells, B cells, macrophages, and natural killer cells and
triggering cytokines, chemokines, and antibody production.

Garlic fermentation enhances the levels of reducing sugars,
amina acids, and antioxidant compounds, making fermented garlic a
promising functional food.’” Fermented garlic has better health-
enhancing properties than normal garlic because of the increased 5-
allyl cysteine,”® organosulfur compound, pelyphenol, and volatie
compound content.?* Furthermore, fermented garic has various
health effects, such as lowering blood pressure™ and anti-fatty
liver,* anti-obesity,* and antithrombotic® activities. Several studies

Ihave investigated the immunostimulatory effects of fermented garlic.

one study focused on the immunomodulating effects of garlic
fermentation using Bacillus subtilis.® The standard methods for
fermenting garlic include the application of high temperatures (40—
20 *C) under high humidity (§0-20%) for 10-80 days** and using lactic

RAW 264.7 cells

MAPK, NF-kB

Macrophage

In vitro Bet - 0.0 o TNFa
cafieca) ’) R I) , @ GM-csF
l\/h mRNA & IFN-y
{ ) o IL-6
Primary splenocytes GATA3 @
from Balb/c mouse FOXP3 Splenocytes
Fermented garlic
(Aglio)
n vj TNF-a
O IFN-y TNF-a
GM-csF IL-6
IL-6 IgG
IgG
IgA Serum

Balb/c mouse

Spleen

Splenocytes

https://mail.daum.net/top/SENT/7000000000Fzvwy/




| Y48 M Z471 (Element analysis)

General composition

Contents (mg/qg)

Composition

Garlic extract Aglio

Neutral sugar 579.2 + 13.5 n.d.

Acidic sugar 31.3+45 n.d.

Amino sugar 60.7 + 0.4 n.d.
Protein 3.7+0.2 05+01
Polyphenol 6.8 + 0.1 21+01

Sum 681.7 2.6
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® Oxygen (O)

® Nitrogen (N)

E Total phosphorus (T-P)
® Carbon (C)

® Hydrogen (H)

= Sulfur (S)
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