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Abstract | Black garlic is usually obtained from the thermal fermentation process which comprises incubation at
controlled temperature and humidity for several weeks. During this process, browning and non-enzymatic reactions
alter the taste, aroma, physicochemical properties, and organoleptic and bioactive compounds in garlic. Therefore,
this study aims to investigate the phytochemical potential and antioxidant capacity of black garlic as a livestock feed
additive. The Folin-Ciocalteau method was used to test for tannins and total phenolics, and the aluminum chloride
(AICL,) method was used to assess flavonoid content. In addition, antioxidant capacity was determined with Radical
Scavenging Activity 2,2-diphenyl-1-picrylhydrazyl (DPPH) and expressed with IC, value. The data obtained were
analyzed using the single factor Analysis of Variance (ANOVA) with the IBM Statistical Package for Social Sciences
(SPSS). The results showed that the concentrations of flavonoids, tannins, and total phenolics were 51.325+1.47
mgQE/g, 553.165+34.18 mg tannic acid/g, and 339.875+18.86 mg GAE/g respectively, while the DPPH radical
scavenging activity was 58.5 pug/mL at 21 days of incubation (T,). This indicated that black garlic has broad potential
to become a natural feed additive suitable for livestock production in line with the development and progress of science
and modern technology.
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INTRODUCTION

Livestock require a complete diet to meet their
nutritional needs, including macronutrients such as
proteins, lipids, and carbohydrates, as well as micronutrients
such as calcium, phosphorus, magnesium, and vitamins D,
C, and K. These nutrients are obtained through the feed
consumed by the animals (Mayulu ¢z a/., 2021). However,
the quantity of nutrients required is sometimes lacking, and
additional ingredients or certain combinations are needed
as feed additives. This can increase livestock production,
and feed efficiency, improve the rate of gain, as well as

prevent and control disease or harmful environmental
influences (Mayulu ez a/., 2020; Chen ez al., 2021). Feed
additives are divided into two, namely nutritional and non-
nutritional. Meanwhile, a natural ingredient widely known
to have various bioactive compounds that are beneficial to
the health of both human and livestock production is garlic
(Chen ez al., 2021).

Garlic (Allium sativum L.) is ahorticultural plant (Rios ez a/.,
2021) that has long been used as a traditional medicine for
various diseases (Shehri, 2021). This is due to its bioactive
compounds (Yu ez a/, 2020) such as polysaccharides
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consisting of 85% fructose, 14% glucose, and 1% galactose,
as well as saponins, polyphenols, flavonoids, phenolic
acids, and various sulfur compounds (Shang e a/., 2019;
Najman e a/.,2021). The main active components in garlic
are organosulfur compounds such as diallyl thiosulfonate
(allicin), S-allyl-cysteine (SAC), S-allyl-cysteine sulfoxide
(alliin), Diallyl sulfide (DAS), Diallyl disulfide (DADS),
Diallyl trisulfide (DATS), E-ajoene, and Z-ajoene, as
indicated in Figure 1 (Shang er 4/, 2019; Shang et al,,
2019; Gudalwar ez al., 2021).
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Figure 1: Chemical structure of garlic organosulfur
compounds (Reconstructed from Shang et al., 2019).

The medical use of garlic based on previous reports
includes immunomodulatory, anti-inflammatory (Saryono
et al.,2021), anti-bacterial, antibiotic (Najman ez a/., 2021),
anti-cancer, anti-tumor (Leontiev ez a/., 2018; Chen e
al., 2019), anti-Alzheimer’s, antidiabetic, renoprotective,
anti-atherosclerotic (Batiha ¢7 a/., 2020), and anti-fatigue.
Garlic also regulates blood glucose and pressure helps
digestion, as well as increases appetite (Lu ez a/., 2017).
Furthermore, it has outstanding antioxidant capabilities
as a powerful scavenger that inhibits free radical reactions,
supports the action of endogenous antioxidant enzymes,
and enhances the ability of the body to fight free radicals,
making it effective in preventing various civilizational
diseases (Najman ez a/., 2021). The efficacy of garlic can
be increased through various thermal-based processing
methods including heat treatment, aging, and fermentation
(Yu ez al., 2020). Fermented garlic without any additives
will undergo changes in chemical compounds, organoleptic
properties, and bioavailability culminating in black garlic
products (Medina ez al, 2019; Najman ez al., 2021;
Karnjanapratum ez al., 2021; Lestari ef al., 2022).

Black garlic has antioxidant activity with various nutrients
and contains thiosulfate, polysaccharides, flavonoids,
reducing sugars, proteins, phenolics, organic sulfur
compounds, and melanoidin (Nakagawa ez a/., 2020; Yu ez
al., 2020; Liang et al., 2022, 2022), diallyl trisulfide, allyl
methyl trisulfide, and small amounts of epicatechin (Moon
et al., 2022). Based on previous studies, it has strong

antibacterial properties (Bedrnicek ez a/., 2021; Moon et
al., 2022) and compounds that can protect the genotoxin
genome from damage in a dose-dependent manner. This
ability is related to the antioxidant capacity and free-
radical scavenging of organosulfur compounds (Medina ez
al., 2019). The phytochemical and antioxidant properties
of black garlic have the potential to be further explored
as non-nutrient feed additives for livestock. Therefore, this
study aims to explore the phytochemical potential and
antioxidant capacity of black garlic as a feed additive for
livestock.

MATERIALS AND METHODS

MATERIAL

'The main material in this study was single-bulb garlic and
the chemicals used in the analysis included Folin-Ciocalteu
reagent, sodium carbonate, gallic acid, 2,2-diphenyl-
1-picrylhydrazyl (DPPH) radical, aluminum chloride.
(AICL,), 95% ethanol, distilled water, 5% NaNO,, diethyl
ether, Na,CO,, and ascorbic acid.

STUDY PROCEDURE

'This study was conducted in three stages, namely (1) single
garlic preparation, (2) thermal fermentation process, and
(3) phytochemical test and antioxidant capacity. The tested
phytochemicals included flavonoids, tannins, and total
phenolics, while the antioxidant capacity was assessed
through the DPPH radical scavenging activity. The
following is a brief schematic showing the stages of this
study (Figure 2).
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Figure 2: Schematic of study stages.

BLACK GARLIC SAMPLE PREPARATION

Single garlic (single bulb) as raw material for making
black garlic was obtained from the traditional market.
The first step was to clean the garlic and set them into a
thermal fermenter according to the curing time. Thermal
processing was carried out at high temperatures ranging
from 60-90°C, and controlled humidity of 70-90% for a
period of 0 days (T ), 7 days (T), 14 days (T,), and 21 days
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(T,). The process was performed without the participation
of microorganisms such as bacteria, fungi, and even
preservatives, but only under the influence of enzymes
that occur naturally in raw materials. This is due to natural
reactions and changes in the constituent biochemical
compounds of garlic (Medina ez a/., 2019; Najman ez al.,
2021).

FLAVONOID TEST

'The concentration of flavonoids in garlic was determined
using the aluminum chloride (AICL) method with some
adjustments and quercetin as a standard (Hue ez a/., 2022;
Kumar ez a/.,2022). The extract (1 mg) was dissolved with
95% ethanol to 10 ml and added with 0.7 ml of distilled
water and 0.1 ml of 5% NaNO,. The mixture was allowed
to stand for 5 minutes, then 0.1 ml of 10% AICI, was added
and incubated for 10 minutes. Absorbance was measured
at a wavelength of 510 nm using a spectrophotometer with
a blank in the form of 1 ml of sample replaced with 1 ml
of 95% ethanol solvent. The final results were expressed as
milligrams of quercetin equivalent per gram dry weight
(mg QE/g dry weight) (Zou ez al., 2004; Hapsari et al.,
2022; Hue et al., 2022).

TANNIN TEST

'The tannin concentration was determined using the standard
Folin-Ciocalteau method with slight modifications
(Manoshree and Devangi, 2019). The test procedure began
with weighing a sample of 0.5 g and extracting 10 ml of
diethyl ether for 20 hours, followed by filtering. The residue
obtained was boiled with 100 ml of distilled water for 2
hours, then cooled and filtered to produce the extract.
The extract obtained was added to distilled water until
the volume reached 100 ml. About 0.1 ml of the extract
together with 0.1 ml of 50% Folin-Ciocalteau reagent was
vortexed. Furthermore, the mixture of extracts and Folin-
Ciocalteau was added to 2 ml of Na,CO, and vortexed.
'The absorbance was read at a wavelength of 760 nm after
incubation for 30 minutes at room temperature and the
results obtained were plotted against the standard curve of
tannic acid. Tannin concentrations are expressed in mg of

tannic acid/kg extract (Malangngi ez a/., 2012).

TOTAL PHENOLIC TEST

Identification of total phenolics was carried out by the
Folin-Ciocalteau method with slight modifications,
and UV-Vis spectrophotometry using gallic acid as the
standard (Kim ez a/., 2013; Nayeem e# al., 2022). The first
step was to extract the sample by peeling the skin of the
garlic and mashing it to make a paste. Garlic and black
garlic paste of about 0.2 g were extracted with 5 ml of 80%
ethanol for 24 hours at room temperature. The supernatant
obtained was then vortexed and centrifuged at 700x g for
10 minutes and filtered through a PVDF syringe filter

(0.45pM) (Nakagawa ez al., 2020). About 0.4 ml of the
sample was reacted with 2 ml of tenfold diluted Folin-
Ciocalteau reagent and incubated for 8 minutes. Afterward,
the reaction mixture was added with 1.6 ml of 7.5% (w/v)
Na,CO, solution and incubated in the dark at room
temperature for one hour. The absorbance was measured
by UV-Vis spectrophotometry and the readings were taken
at the maximum absorption wavelength of 765 nm after
incubation for 3 repetitions. The result in the form of the
total phenolic concentration was expressed as milligrams
of gallic acid equivalent (mg GAE)/g lyophilized sample
(Medina ez al., 2019; Capra et al., 2022).

DPPH RADICAL SCAVENGING ACTIVITY

The antioxidant capacity of single and black garlic was
tested in wvitro using the 2,2-Diphenyl-1-Picrylhdrazyl
(DPPH) method (Rammal ez a/., 2012; Paat ef al., 2022).
The testing procedure began with taking single and black
garlic samples. The extract obtained was diluted, then 2
ml was added with 2 ml of DPPH (0.15 mM in ethanol)
and mixed until homogeneous. The mixture was incubated
in a dark place at room temperature for 30 minutes and
also served as a control prepared to consist of 2 ml DPPH
with 2 ml of ethanol. The absorbance was measured at a
wavelength of 517 nm, while ascorbic acid was used as
a positive control and ethanol as a blank (Rammal ez a/,
2012; Bedrnicek ez al., 2021). The DPPH ability of the
extract was calculated using the equation (Rammal e a/,

2012; Ro et al., 2022).

(Absorbance Control — Absorbance Sample) «
Absorbance Control

% Radical Scavenging Activity = 100

Description: Absorbance control: Absorbance DPPH +
Etanol; Absorbance sample: Absorbance + sample

The final result of the DPPH scavenging activity
calculation was expressed by the IC,  value through the
linear regression line equation (y=a+bx) (Conte ez al,
2022). This value represents the concentration of the
extract/fraction/test compound/sample that can inhibit
and/or capture free radicals by 50% (Ramirez ez al., 2022;
Ro ez al., 2022). Therefore, the smaller the IC, value, the
more active or stronger the antioxidant potential of a
compound. Antioxidant capacity based on the IC, value
can be categorized as follows.

Table 1: Antioxidant capacity based on IC50 value.

IC,, value Antioxidant capacity
< 50pg/mL Very strong

50-100 pg/mL Strong

100-150 pg/mL Currently

150-200 pg/mL Weak

Source: Paat ez al., 2022
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STATISTIC ANALYSIS
The results of all data were expressed as mean * standard
deviation values and analyzed using a single factor Analysis

of Variance (ANOVA) with the IBM Statistical Package
for the Social Sciences (SPSS).

RESULTS AND DISCUSSION

CHARACTERISTICS OF BLACK GARLIC

Fresh single garlic was used the basic ingredient for
producing black garlic through a thermal incubation
process which consisted of heating, fermentation, and
aging. During these processes, it underwent Maillard or
amino-carbonyl reaction which led to several changes in
physicochemical characteristics, and nutritional content
(Jing, 2020; Karnjanapratum ez al., 2021; Barido ez al.,
2022; Mayulu and Sawitri, 2023), as well as organoleptic,
and sensory properties (Najman ez o/, 2020). It also
culminated in the formation of new bioactive or neo-
formed compounds such as melanoidin which are nitrogen-
containing heterogeneous compounds (Nakagawa e al.,
2020) and Amadoris (ACS) (Yu ez al., 2020; Ahmed and
Wang, 2021). The quantified Amadori compounds in black
garlic included N-(1-deoxy-D-fructose-1-yI)-L-proline
(Fru-Pro), N-(1-deoxy-D-fructose-1-yl)- L-valine (Fru-
Val), N-(1-deoxy-D-fructose-1-yl)-L-leucine (Fru-Leu),
N-(1-deoxy-D-fructose-1-yl)- L-methionine (Fru-Met),
and N-(1-deoxy-D-fructose-1-yl)-L-arginine (Fru-Arg)
(Rios ef al.,2019; Yu ez al., 2020).

Amadori compounds are important intermediates in the
Maillard reaction which in turn can produce various heat
treatment products such as the slightly sweet taste and
pleasant aroma of black garlic. Furthermore, the distinctive
sweet taste was from the reaction of glucose or fructose
with amino acids, culminating in a change in sugar and
a significant increase in the fructose content (Najman e#
al.,2020; Setyoningrum ez a/.,2021). The Maillard reaction
also enhanced the synthesis of organic acids such as formic,
succinic, 3-hydroxy propionic, or pyroglutamic acids due
to the oxidation of the aldehyde groups in aldoses, or
hexose degradation which increased the acetic acid content

(Najman e al., 2022).

Other chemical changes that occurred include the
degradation of fructans into monomers, an increase in the
content of S-allyl-L-cysteine 6 times compared to fresh
garlic, a rise in the concentration of polyphenols, flavonoids
(Rios et al., 2021), S-allymercaptocys-teine (SAMC),
pyruvate (Shehri, 2021), total phenolic acid, 5-hydroxy-
methyl furfural, melanoidin, and thiosulfinate (Barido e#
al., 2022). Moreover, the water activity of garlic during the
thermal process to black garlic also decreased from 0.97
to 0.93 but the total dissolved solids (Brix) increased from

40.47 to 45.67 (Medina ez al., 2019). Carbohydrates also
increased 1-2 times, sucrose 1.3-1.6 times, fructose 6-108
times, glucose 2-13 times, and amino acids 2.5 times

compared to fresh garlic (Jing, 2020).

'The Maillard and/or browning reaction caused a decrease
in pH from 5.94 to 3.49-3.69 (Medina e al., 2019), a
change in the color from white to caramel, brown to black,
a sweet taste, slightly tart with a dash of dried plums
and apricots, vanilla or licorice. The decrease in pH was
caused by an increase in the product content such as a rise
in the synthesis of organic acids due to the oxidation of
the aldehyde groups in aldoses and acetic acid during the
fermentation process (Najman e# a/., 2020). Furthermore,
the texture of garlic became more rubbery or jelly-like
(Cinar ez al., 2022) while the consistency appeared softer,
and smoother, resembling cream cheese (Najman e a/,
2020). The browning intensity of garlic during the thermal
process decreased from 47.16 (fresh garlic) to 17.58
(black garlic). The intensity can occur earlier at higher
temperatures, hence, an increase in temperature and the
browning product formation have a positive relationship.
The color change of garlic from white to black due to a
non-enzymatic reaction (Maillard reaction) indicates the
formation of various compounds (Medina ez a/.,2019).

Compounds that were unstable in garlic during heat
treatment were converted into stable soluble components
with high antioxidant capacity (Medina ez a/, 2019).
Thermal treatment can accelerate the degradation
of polysaccharides with high molecular weight into
oligosaccharides and monosaccharides with low molecular
weightwhich are consequently converted into water-soluble
bioactive compounds such as S-allyl cysteine, tetrahydro-
B-carbolines, polyphenols alkaloids, and flavonoids
(Karnjanapratum ez a/., 2021). These compounds have a
strong relationship with biological and pharmacological
properties such as antioxidant, anticancer, antitumor, anti-
allergic, and hypolipidemic activity (Karnjanapratum ez a/.,
2021). Besides, physicochemical changes due to processing
indicate an increase in black garlic bioactivity (Lestari ez

al., 2022).

™ o8 60 B0

To:  Fresh  garlic Ti: Single bulb garlic To: Single bulb garlic Ts: Single bulb garlic

single bulb (0 days)  fermented for 7 days  fermented for 14 days  fermented for 21 days

Figure 3: Characteristics of Garlic and Black Garlic
(Source: Mayulu and Sawitri, 2023).

Based on the results, black garlic had different
characteristics as demonstrated in Figure 3. The appearance
with increasing incubation time became darker, rubbery
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consistency with a sweet taste, and a pleasant aroma was
produced. Karnjanapratum ez a/. (2021) reported that black
garlic has a soft and mushy texture, chewy consistency
with a sweet taste and pleasant aroma. This is related to the
formation of aldehydes which are the dominant compound
in garlic (Rios e7 a/., 2021). The texture of black garlic in
the 7-day fermentation (T,) was soft and a bit hard, in
the 14-day (T,) the texture was mushy, and in the 21-day
(T)), it was soft with chewy and elastic consistency (Figure
3). This was caused by the water content, which decreased
from 72.60% to 50-70% culminating in the soft and elastic
texture with a water content of about 40-50% (Sunanta
et al., 2021). According to Hue ¢z al. (2022), garlic had a
better appearance in terms of elasticity and consistency
when incubated at 70°C.

BLACK GARLIC PHYTOCHEMICALS

'The phytochemicals of black garlicare very diverse,including
S-allyl cysteine, tetrahydro-B-carboline, polyphenolic
alkaloids, flavonoid-like compounds (Karnjanapratum
et al., 2021), thiosulfinates (Sunanta ez a/., 2021), amino
acids (Afzaal ez a/.,2021), tannins and volatile compounds
including acetic acid (35.34%), Trisulfide, di-2-propenyl
(17.72%), Trisulfide, methyl 2-propenyl (10.62%), and
2-Furancarboxaldehyde (7.93%) (Cinar ez al., 2022).
Bioactive compounds such as allicin produced by chemical
extraction and synthesis from garlic have been widely used
in livestock production due to their low cost, high-purity
ingredients, and significant medicinal properties (Chen e#

al.,2021).

Table 2: Phytochemical content of garlic based on the
fermentation time.

Treat- Bioactive compounds

ment  Flayonoid Tannins (mg Total phenolic
(mg QE/g) Tannicacid’kg) (mg GAE/g)

To 40.02+1.27 463.165+29.46 38.97+1.99

T, 28.89+3.25 108.165+41.25 47.435+3.81

T2 43.53+2.04 534.83+10.61 230.77+£1.99

T 51.325+1.47  553.165+34.18 339.875+18.86

3

Description: T : Fresh garlic single bulb; T,: Garlic single bulb
fermented for 7 days; T,: Single bulb garlic fermented for 14
days; and T : garlic single bulb fermented for 21 days.

FravoNoID

Phytochemicals in black garlic include various bioactive
compounds, such as flavonoids. They are a very diverse
group of phenolic compounds, not only in terms of their
chemical structure with different numbers and distribution
of hydroxyl groups but also in terms of thermal stability
(Najman ez a/., 2020). The main subgroup of flavonoids
present in black garlic are flavonols, followed by flavanones,
and flavones. Flavanones in fresh garlic act as main
metabolites that have biological functions such as acting

as defensive compounds and antioxidants against stress
(Sunanta ez a/., 2021). The concentration of flavonoids
in black garlic varied greatly, depending on processing
conditions such as processing time, temperature, and
sensitivity (Sunanta e¢s a/, 2021). The concentration
increased significantly during thermal fermentation
specifically the aging period (Lu ¢z a/.,2017; Setyoningrum
etal.,2021) hence, the fermentation time plays an important
role in increasing flavonoids (Setyoningrum ez al., 2021).
This increase has several underlying reasons, including (1)
the thermal fermentation process breaks down or releases
bound forms such as glycosylation and esterification
into phenolic acids and complex polyphenols, causing
an increase in free forms (Sunanta ez a/., 2021); and (2)
a decrease in enzymatic oxidation involving antioxidant
compounds (Setyoningrum ez a/., 2021) (Figure 4).

Based on the results, the highest average concentration of
flavonoids reached 51.325 + 1.47 mg QE/g, namely at T'.
This concentration is not significantly different from the
results obtained by Najman ez a/. (2020), namely an average
of 58.42 + 5.38 mg/100 g d.m. Flavonoid concentrations
tend to increase 2-5 times under the influence of thermal
treatment, depending on the time and conditions of
fermentation (Najman ¢7 a/.,2020), but in this study, it only
increased 0.3 times when compared to T. Additionally,
flavonoids reportedly have several health-promoting
properties in both humans and livestock, such as anti-
bacterial and anti-inflammatory properties (Buiatte e a/.,

2022).

'The use of flavonoids for livestock has been widely studied,
especially in relation to their efficacy in (1) improving the
health of livestock; (2) acting as an antibacterial compound
to disrupt bacterial cell membranes as well as inhibit
bacterial toxin production and enzymes that support DNA
replication; and (3) modulating the intracellular signaling
pathways of the innate and adaptive immune systems
through several mechanisms of action such as inhibiting
COX-2 activity with the NF-kB and MAPK pathways
(Buiatte ez al., 2022). Therefore, the flavonoids contained
in black garlic have the potential to be used in livestock
production.

TANNINS

Black garlic also contains secondary metabolites known
as tannins (Kumar ez a/., 2022). They function as a plant
chemical defense system against pathogen invasion
and insect attack (Huang ez 4/, 2018; Das ez al., 2020).
Tannins are secondary polyphenols found in plants (Menci
et al., 2021) with antimicrobial, antiparasitic, antiviral,
antioxidant, anti-inflammatory, and immunomodulating
properties. Moreover, they naturally bind and precipitate
proteins (Sawitri, 2016; Huang ez a/., 2018; Das ez al.,
2020). Tannins have traditionally been considered an
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anti-nutritional factor but when applied in the right way
and concentration, they can improve the gut microbial
ecosystem and performance, thereby increasing productivity

(Huang ez al., 2018).

Flavonoids
60
. 51.325
oL
= 0 1353
4 40.02
5 40
p 28.89 uTO
£ 30 4
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g 20 T2
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0
TO T1 T2 T3
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Figure 4: Flavonoid concentration.

Description: TO: Fresh garlic single bulb; T'1: Garlic single
bulb is fermented for 7 days; T2: Single bulb garlic is
termented for 14 days; and T3: garlic single bulb fermented
for 21 days.

Tanin
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Figure 5: Tannin concentration.

Description: T : Fresh garlic single bulb; T,: Garlic single
bulb fermented for 7 days; T.: Single bulb garlic fermented
for 14 days; and T: garlic single bulb fermented for 21
days.

Based on the results in Figure 5, black garlic had a relatively
high tannin content, namely 553.165 mg Tannic Acid/g in
T, followed by T ,, which reached 534.83 mg Tannic Acid/g.
Therefore, it has the potential to be explored and applied
more broadly to livestock production. Bioactive compounds
in tannins have been widely used in modern livestock
production. For example, forage inclusions containing in-
vivo condensed tannins can increase antioxidant activity
in the serum of cattle and sheep (Huang ez a/., 2018).
Furthermore, condensed tannins in-vitro and in-vivo
were reported to have anti-parasitic properties, particularly
against gastrointestinal nematode parasites of ruminants
(Woolsey ez al., 2022). The addition of quebracho tannin

in sheep rations also raised the antioxidant status of liver

muscle and plasma, as well as the stability of meat color
by delaying myoglobin oxidation during refrigerated
storage (Luciano ez a/, 2009; Huang e# al., 2018). The
application in ruminants can increase protein utilization
and production efficiency by reducing degradation in the
rumen without affecting feed intake and nutrient digestion
(Huang ez a/.,2018). They have been shown to also improve
the ratio of protein by-pass (Menci ez a/.,2021) and reduce
CH, emissions above 20g/kg, which are beneficial to the

environment (Gutierrez e al., 2021).

Phenolic

400
B 350 339.875
E 300
en
g LTO
g 200 o
= [*]
£ 150
£ 100 B
5 % 38.97 47.435 T3
&

o1
TO Tl T2 T3
Treatment

Figure 6: Phenolic concentration.

Description: T : Fresh garlic single bulb; T,: Garlic single
bulb fermented for 7 days; T: Single bulb garlic fermented
for 14 days; and T: garlic single bulb fermented for 21
days.

DPPH Radical Scavenging Activity
634
700 508
600 +—
~ 500 +——
§400 — 4T
g
= 300 +— ET1
w,
2 500 | 164 HT2
100 +— i 58.5 W13
" bt
TO Tl T2 T3
Treatment

Figure 7: DPPH radical scavenging activity.

Description: T : Fresh garlic single bulb; T,: Garlic single
bulb fermented for 7 days; T.: Single bulb garlic fermented
for 14 days; and T: garlic single bulb fermented for 21
days.

Based on previous reports, using condensed tannins in
ruminant production such as meat-producing livestock
products at low to moderate concentrations can increase
production efficiency by reducing protein degradation
in the rumen (Huang e a/, 2018). However, at high
concentrations, they inhibit feed intake (Rira ez a/., 2022)
due to their astringent properties (Nascimento ez a/., 2021)
and protect proteins that reduce rumen microbial activity
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(Huang e al., 2018). This implies that the optimum
concentration standard for their use in rations must be
considered. The most popular application of condensed
tannins (CT) for ruminants is to reduce bloating, and the
recommended concentration is 1.0 mg CT/g dry materials
(Huang ez al., 2018). The abilities possessed by tannins
vary depending on the source, composition, and chemical
structure, as well as the method/standard of analysis
used in determining the concentration for use (Huang ez
al., 2018). Meanwhile, protein deposition capacity, anti-
microbial, anti-parasitic, and antioxidant activities are
the most relevant properties to consider for their use in
livestock production, especially ruminants (Huang ez a/,

2018).

TOTAL POLYPHENOLS

Phenolic compounds are included in the bioactive
components found in plants and they have good health-
promoting activities (Lu ez a/., 2017; Cinar ez al., 2022).
‘They play an important role in reproduction, growth, and
act as a defense mechanism against pathogens, parasites,
and predators which contributes to the color of plants
(Idehen ez al., 2017). Fresh garlic contains more than 20
phenolic compounds including PB-resorcylic acid, gallic
acid, rutin, protocatechuic acid, pyrogallol (Shang ez a/.,
2019), astragilin, quercitrin, isoquercitrin, nirurin and
quercetin (Sawitri, 2016). However, the numbers are three
times higher in single black garlic (garlic bulbs) and six
times higher in black garlic (garlic cloves) (Medina ez a/.,
2019).

The results showed that the total concentration of black
garlic polyphenols increased with rising incubation time,
and the highest amount was obtained at T,, namely
339.875 + 18.86 mg GAE/g with incubation for 21 days.
In other words, there was an increase of about 8.7 times
the average of fresh garlic at T0=38.97+2.36 mg GAE/g).
'This is consistent with Kim ez a/. (2013), who obtained
the highest content of polyphenolic compounds in black
garlic, reaching 982.14 mg GAE/kg or a significant
escalation of 4-10 times (Figure 6). Najman ez a/. (2020)
also obtained a value of 27.50 + 0.57 mg/100 g d.m or a
two-fold increase. Although both experienced an upsurge,
the concentration of polyphenolic compounds obtained
in this study was different. This is due to differences in
the heat treatment conditions applied including time,
temperature, and humidity (Najman ez a/., 2020).

The increase in polyphenols is related to the Maillard
reaction during the incubation process. It might occur due
to the liberation of new low molecular weight derivatives,
fragmentation of high molecular weight polyphenols
(Karnjanapratum ez a/., 2021), and as a conversion result

of the bound phenolic to free forms (Capra e a/., 2022).

Bedrnicek ez al. (2021) revealed that the concentration of
total polyphenols can be affected by a certain temperature
gradient. Meanwhile, polyphenols are one of the main
sources of antioxidants. Organic derivatives from plants
are the most important and safe antioxidants to prevent
various diseases, reactive nitrogen species in the human
body, and overproduction of reactive oxygen species, which
have the potential to suppress the effects of oxidative stress
in livestock (Zakeya ez al., 2022).

BLACK GARLIC ANTIOXIDANT CAPACITY

Antioxidants are compounds that can inhibit oxidation
reactions by binding to free radicals and molecules with
significant reactive properties (Azhar and Yuliawati, 2021).
Typical antioxidants found in black garlic are phenolic
acids, flavonoids, and sulfur compounds such as S-allyl-
L-cysteine (SAC), diallyl sulfide (DAS), diallyl disulfide
(DADS), and diallyl trisulfide (DAT) (Ding ez a/., 2021).
The antioxidant capacity cannot be separated from the
contribution of bioactive compounds such as Amadori,
which are produced in the Maillard reaction during the
thermal fermentation process (Yu ez a/., 2020). Therefore,
the capacity and activity are affected by the processing
method and conditions (Lu e 4/, 2017). The antioxidant
capacity of black garlic increased during processing under
controlled temperature and humidity up to 5.7-7.8 times
(Medina e al., 2019; Yu et al., 2020; Shehri, 2021) with
stronger properties than fresh garlic (Lu es o/, 2017,
Barido ez al., 2022) both in vitro and in vivo (Medina ef
al., 2019). The antioxidant properties of black garlic are
closely related to polyphenols (Lu ez a/., 2017).

The DPPH radical scavenging activity was observed by
increasing the thermal fermentation time, where T, with
incubation for 21 days had an IC, value of 58.5 pg/mlL.
'This indicates that black garlic which has been incubated
for 21 days, can inhibit the oxidation process and capture
DPPH free radicals by 50% with 58.5 pg/mL. In other
words, T, has stronger antioxidant properties compared
to T, T,, and T, (Figur 7). According to Capar ez 4.
(2022), a low IC, value is considered to indicate greater
antioxidant capacity. The decrease in the IC, value during
thermal fermentation is related to the increase in the
flavonoid and phenolic compounds, both of which have
antioxidant properties (Setyoningrum ez a/., 2021), as well
as melanoidins, 5-Hydroxymethylfurfural (HMF), vitamin
C, selenium (Cinar ez a/., 2022), and S-allyl-L-cysteine
(SAC) (Medina ez al, 2019). Furthermore, a previous
study showed that SAC has excellent antioxidant activity,
mainly manifested through its ability to remove reactive
oxygen and nitrogen species in the body, reduce oxidative
stress, and enhance the main function of the antioxidant

defense (Ro ez al., 2022).
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Given the strong antioxidant capacity of black garlic, it has
the potential to be developed into a natural antioxidant
product. This is supported by several scientific reviews
related to the application of antioxidants in livestock
production. For example, antioxidants are permitted
in commercial feed to prevent lipid peroxidation and
oxidative rancidity during the production, processing, and
storage of feeds (Salami ez a/., 2016). Moreover, natural
antioxidants added to livestock products (meat) help
maintain a protective effect against lipid oxidation and

extend shelf life (Barido e a/. al., 2022).

CONCLUSIONS AND
RECOMMENDATIONS

Garlic and its derivatives have been widely documented
in various literature for their multiple biological impacts
on health promotion and treatment of various diseases,
especially in humans. The results obtained in this study
showed that black garlic contains various bioactive
compounds, particularly flavonoids, tannins, and phenolics.
Besides, its antioxidant capacity reflected in the DPPH
radical scavenging activity is better than that of fresh garlic.
The bioactive components, especially tannins, can act as
alternative antibiotics in rations. They have great potential
to become natural feed additives that can contribute
to livestock production, especially pollution-free meat,
animal welfare improvement, and sustainable animal
husbandry development with the progress of modern
science and technology. The utilization of plant extracts also
contributes to reducing the use of synthetic feed additives.
Furthermore, the use of black garlic and its extracts, along
with the increasing public demand for livestock products
especially meat, has a unique development and utilization
value as a green additive while considering the implications
for human health. Further investigations on black garlic, as
well as its bioactive compounds and antioxidant activity
in livestock commodities, can be performed by exploiting
modern technological advances through biotechnology,
nanotechnology, and pharmacology approaches. This will
contribute to promoting and propagating the nutritional
and medicinal values, to enhance livestock production and

health.
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