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Chapter 1. Extraction method for increasing antioxidant activity of

raw garlic using steam explosion
1.1. Introduction

Metabolic syndrome becomes a big social probledajman, and one of two people of
man and one of five people of woman in old and eiddyes are metabolic syndrome
or spare groupgl]. It seems that the oxidation stress caused by barsactive oxygen
species participates in mechanism of the metalsylidrome deeply. When internal
organs fat increases, the amount of adipocytokaueesed from cells is disturbed and
not only hyperlipidemia, hyperglycosemia, and hiddod pressure are caused but also
the reactive oxygen species increases in this psoaad let their symptoms progress.
There are two types of adipocytokines; good adipmeges have antioxidant activities
and bad adipocytokines has the inflammatory natunck increase the reactive oxygen
species[2]. When the reactive oxygen species increases irbdlgdy, the synergetic
effect of their oxidation stress and bad adipocytek causes hyperlipidemia and high
blood pressure with insulin resistance. Furthermdhe reactive oxygen species
recommends the oxidation of blood LDL cholesterad ancreases participation LDL as
results in lets arteriosclerosis progress. Forceduinternal reactive oxygen species, an
intake of the food including the nourishment ingead with the antioxidant activity is
desired. A lot of plant food have an antioxidantively and show a free radical
scavenging ability, and they have been used ashliydabd. Garlic, i.e. Allium sativum,

is one of the highest antioxidant and hypoglycefoad and used for not only culinary
but also medicinal purposes because it containgopehol-based antioxidant materials
[3]. In recent years black garlic, i.e. aged old gartias been attracted as a higher
antioxidant food compared to raw gari5]. However, in order to manufacture black

garlic, it takes a long time for aging, i.e. 30-&0at high temperature, i.e. 55—80,



and high humidity, i.e. 70-95%6,7]. Therefore, it is desired to not only shorten the
manufacturing time but also simplified the manufisicty process. In this study, the
conversion method of raw garlic into garlic pieceish a higher antioxidant activity
than black garlic was developed using a steam sipio Steam explosion consisted of
steam hydrolysis at high temperature and presslievied by sudden reduction of the
pressure for a mechanical treatment of the hydealyaroduct has been known as an
effective treatment method for degrading and depelyzing the components of
biomass[8—10]. Therefore, this study examined the effect of reteaxplosion for
increasing the antioxidant activity of product asaimpared the antioxidant activity of

steam-exploded raw garlic with that of black garlic



1.2. Materialsand M ethods

1.2.1. Sample
Raw garlic was purchased from a local market in AorRrefecture, Japan. Raw garlic

was peeled and used as a sample in this experiment.

1.2.2. Steam explosion

For increasing an antioxidant activity of raw garteam explosion was carried out in a
batch apparatus equipped with a 2 | reactor (Stegpiosion apparatus NK-2L; Japan
Chemical Engineering and Machinery Co. Ltd, Osdipan)11]. One hundred grams
of raw garlic was introduced into the reactor amposed to saturated steam at a
pressure of 10 (18&), 15 (200-C), 20 (214C), 25 (225C), 30 (235C), and 45 atm
(258-C) for a steaming time of 1-10 min. The prescritmdperature was reached in a
few seconds. After exposure to the saturated steaball valve at the bottom of the
reactor was suddenly opened to rapidly bring tlaetor to atmospheric pressure. The
liquid—solid reaction product, i.e. a steam-exptbadaw garlic, was collected in the
receiver. The severity factor of steam explosi@atiment is expressed by a correlation
between steam temperature and steaming[ti2é@3] Since the volume of reactor (2 [)
is small, the steam pressure may reach the taaee ¥n a very short time. In this case,

the severity factor can be calculated by the folhgnequation:

S=Log|t- exp{T - 100/14.75)] (1)

where S is the severity factor, T is the steam tgatpre {C), and t is the steaming time

(min). 14.75 is the activation energy value underditions where process is first order

kinetics and obeys the Arrhenius law.



1.2.3. Extraction and separation method

After freeze-drying steam-exploded raw garlic, gnem of dry sample was extracted in
a 300 ml Erlenmeyer flask with 100 ml distilled eatnd the extract was separated by
a filtration used for determining radical scavemgiactivity and amount of total

phenolic compounds.

1.2.4. Determination of radical scavenging activity

DPPH (1,1-diphenyl-2-picrylhydrazyl radical) is &lsle nitrogen-centered free radical
whose color changes from violet to yellow upon tiin by either the process of
hydrogen- or electron-donatigfi4]. Radical scavenging activity was calculated based
on the change of absorbance due to the decre&d@RHl in relation to the control value
[15,16] The extract (2 ml), ethanol (2 ml), and 0.5 mMHADMPIn ethanol solution (1 ml)
were mixed in the test tube, and the decreasesorbance at 517 nm was measured
after 30 min of reaction. Considering the coloreafract, the ethanol solution (1 ml)
instead of 0.5 mM DPPH in ethanol (1 ml) was used dlank. As a control water (1
ml) was added instead of the extract. The radicavenging activity can be calculated

by the following equation:

Radical scavenging activity (%) = [ X0 — (X — Xa#¥x 100 (2)

where X is the absorbance of the extract and DRPFHLAnm after 30 min of reaction,

X0 is the absorbance of DPPH at 517 nm as a comnol Xa is the absorbance of the

extract at 517 nm as a blank.

1.2.5. Determination of total phenolic compounds

Amount of phenolic compounds in the extract was suead according to the Folin—



Ciocalteu methodi17]. The extract (200 _|) was added to the test tuvdaining 4 ml

of distilled water, followed by addition of 1 ml ehol reagent. The mixture was
thoroughly stirred. In addition, 1 ml of 10%(w/wWdium carbonate was added to this
solution. The absorbance of reaction was measuré®@ nm after 1 h of reaction.

Estimations were carried out in triplicate and alted from a calibration curve

obtained with catechin. The amount of phenolic coumals was expressed as catechin

equivalent (mg-catechin equiv./g-dry raw garlic).



1.3. Results and discussion

Fig. 1shows the relationship of radical scavenging agti@hd sample concentration of
extract obtained from steam-exploded raw garli@a a&team pressure of 15 atm for a
steaming time of 1, 3, and 5 min. The proportiocalrelation between radical
scavenging activity and sample concentration waeited and EC50, a concentration
at a radical scavenging activity of 50%, of eacm@a was obtained from the straight
lines ofFig. L The EC50 values were 7.444, 0.538, and 0.202t glleaming time of 1,
3, and 5 min, respectively. Since the EC50 valuewsdely used parameter to measure
the free radical scavenging activity and a lowelu@andicates a higher antioxidant
activity [18,19], it seems that a longer steaming time increasesutioxidant activity
of extract from raw garlic.

Fig. 2shows the EC50 value of extract from the raw gdréated under various steam
pressures and steaming times. The EC50 values etiasignificantly with steam
pressures and steaming times. At a steam pressure and 20 atm the EC50 value
decreased rapidly with the increase of steaming teaching about 0.5 g/l at 3 min and
then decreased gradually, but at a steam pres$u88® and 45 atm the EC50 value
decreased very slowly from about 0.3 to 0.14 g4 ateaming time of 1-10 min and no
significant decrease was observed. It suggestdhbgbart of polyphenols contained in
raw garlic was low-molecularized and dissolvedas inolecular phenolic compounds
in water by steam explosion with a high temperature pressure steam followed by the
rapid decompression to the atmospheric pressurghdfmore, it seems that the
polysaccharides were also degraded and pyrolysidupts like furfural and 5-HMF
were produced at a steam pressure of 30 and 45vatla protein, lipids, and other
extractives suffered pyrolysi0]. The high antioxidant activity of extract from the
steam-exploded raw garlic radical is attributedthat such degraded products may

contribute to the antioxidant activity in additiomthe phenolic compounds resulting in



a lower EC50 valuekig. 3 shows the amount of phenolic compounds in extnach f
the raw garlic treated under various steam pressamnel steaming times. At a steam
pressure of 15 and 20 atm the amount of phenollopooinds increased with the
increase of steaming time, but at a steam pressuB® atm the amount of phenolic
compounds for a steaming time of 10 min i.e. 70@gnwas lower than that for a
steaming time of 5 min, i.e. 93.7 mg/g. Furthermtine amount of phenolic compounds
at 45 atm for 5 min, i.e. 80.5 mg/g, was also lotyem that at 30 atm for 5 min. It
seems that higher steam pressures and longer stpatmies degraded phenolic
compounds produced by steam explosion resultirag litile lower amount of phenolic
compounds. Table 1 shows the chemical properties of extract obtaineoimf
steam-explosion raw garlic treated at various teatpees and steaming times. The
chemical properties, i.e. severity factor, EC50ueal and amount of phenolic
compounds, were changed significantly by steamosimhal conditions. The lowest
EC50 value, i.e. the highest antioxidant activityas obtained at 45 atm for 5 min, but
the highest amount of phenolic compounds i.e. 88y¢atechin equiv./g-dry raw garlic,
was obtained at 30 atm for 5 min. The reason whkgdtoptimal conditions differed is
attributed that at a higher and longer steam eimtothe degradation of phenolic
compounds occurred and not only the phenolic comg®uut also the degraded and
pyrolysis products produced from protein, lipidadaother extractives contributed for
increasing the antioxidant activity, described abdn Table 2 the chemical properties
of extract obtained from raw garlic treated by ottireatment methods such as milling,
autoclaving, and aging are shown in comparison with steam explosion treatment.
For milling raw garlic Millser IFM-720G (lwatani CpJapan) was used. In case of
using an extract from raw garlic treated by millimg 2 min, the EC50 value exceeded
100 g/l and the amount of phenolic compounds was1®/g. Furthermore, in case of

using an extract from raw garlic treating by notyoautoclaving but also milling, the



EC50 values became lower than that obtained by willjng but they were still very
higher than those obtained by steam explosion.eSitite effect was observed even for
a longer milling time beyond 2 min, the milling #nwas adjusted to 2 min in these
experiments. From these results, the steam expldseatment seems to be a very
effective method for increasing the antioxidantaigt of raw garlic. In case of using an
extract from black garlic aged at 60 for 30 d and milling for 2 min, the EC50 value
and the amount of phenolic compounds were 0.58%mdl 13.7 mg/g, respectively.
Since these values were almost the same as thes@,538 g/l and 16.6 mg/g, obtained
by steam explosion at 15 atm for 3 min as showhalble 1 it was concluded that the
steam explosion treatment was useful for increasimg antioxidant activity of raw
garlic similarly to the aging method even if a cargiively low steam pressure and
short steaming time steam explosidfig. 4 shows the relationship EC50 value of
extract obtained from steam-explosion raw garlid severity factor of steam explosion.
Since both steam temperature, i.e. steam presancksteaming time are important
variables in steam explosion, the severity factonststed of steam temperature and
steaming time is currently used to compare experiaieesults to facilitate process
designand operatio21]. The EC50 decreased rapidly with the increasé®fseverity
factor and then it decreased slowly beyond 3.5hieg an almost constant value. The
severity factor of 3.5 corresponded to the steaphosion at 15 atm for 3 min or 10 atm
for 10 min. Since the steam explosion with a higbeverity factor requires a large
amount of heat energy, future studies will be feclsn the determination of optimal
steam explosional condition for increasing antiaxidactivity of raw garlic with saving

energy.



Laal ‘v
2>
Y
©
S fa 9
£ [/
g’ 50
Q -
> /
I R
ki -
B
o 0
0 2 4 6 8 10

Sample concentration [g/l]

Fig. 1 Relationshi of radical scavenging activity and sample concéioimeof extract
obtained from stea-exploded raw garlic under various steaming times atean

pressure of 15 atm. Symb«@®, 1 min; l, 3 min; A, 5 mir



10

8
?
ST
o 4 \
2 "*,
0 a
0 2 4 6 8 10

Steaming time [min]

Fig. 2 ECS5lvalue of extract from the raw garlic treated uneeious steam pressur

and steaming times. Symb«@, 15 atm; l, 20 atm; A, 30 atm; ¢, 45 atm

10



100

40

20

Amount of phenolic compounds
[mg-catechineq./g-dry raw garlic]

Steaming time [min)]

Fig. 3 Amount of phenolic compounds in extractnirthe raw garlic treated und
various seam pressures and steaming times. Syn@®, 15 atm; l, 20 atm; A, 30

atm; ¢, 45 atm

11



Table 1

Chemical properties of extract obtained from steam-explosion raw garlic treated at various temperatures and steaming times.

15 20 20 20 25 25 30 30 30 45 45

Steam pressure [MPa] 10 15 15 15 15
Steaming time [min] 10 1 2 3 5 10 1 5 10 1 5 1 5 10 1 5
Severity factor 336 289 319 336 358 389 330 400 430 365 435 395 464 495 465 535
ECsp [g/] 0221 7444 0793 0538 0202 0265 215 0213 0178 0534 018 031 0191 0184 0261 0135
Phenolic compounds [mg/g] 53.2 17 134 166 466 67.1 73 693 817 20.1 859 280 937 709 448 808
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Table 2
Chemical properties of extract obtained from raw garlic treated by various treatment methods.
Sample

ECso [g1] Phenolic compounds [mg/g]
Raw garlic treated by milling for 2 min >100 26
Raw garlic treated by autoclaving at 120=C for 10 min and milling for 2min 301 07
Raw garlic treated by autoclaving at 120+=C for 60 min and milling for 2min 441 19
Black garlic aged at 60°C for 30d and milling for 2min 0.585 137

13
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1.4. Conclusion

A garlic extract was obtained from raw garlic byanh explosion. Its antioxidant
activity was evaluated in this work. Garlic extragth a high free radical-scavenging
capacity, exceeding that of black garlic signifitgncan be manufactured without
passing through the time-consuming raw garlic naguprocess. Moreover, since this
manufacturing method requires only a short time, dharlic extract obtained by steam
explosion may be preferably used as an antioxidwterial blended with healthy food

or medical supplements at low cost.
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Chapter 2: Effects of hydrothermal methods such as steam explosion
and microwave irradiation on extraction of water soluble antioxidant

materialsfrom garlic husk
2.1. Introduction

Antioxidants are useful not only for food preseiwatbut also for improving human
health and diseasel,p]. The increasing of antioxidant demand lately é&srcthe
researcher to find another resource for naturabaniant. Spices and herbs are the one
of natural resource of antioxidant. Embuscaglar¢ported that the antioxidant activity
from spices and herbs are very effective. Availab$s of spices and herbs in the market
was growing significantly yearly, in line with sasted effort to make herbs and spices
as a natural source of the antioxidant productiokidant extraction from spices and
herbs has been reported by various researcherg &enl. §i] reported that Italian
Oregano Qriganum x majoricury Oregano @. vulgare ssp. Hirtuip and Rosemary
Mint (Poliomintha longiflord has a high content of ORAC (Oxygen Radical
Absorbance Capacity) and phenolic content. Qin let[3 reported about the
enhancement of flavonoids extraction from fig lesing steam explosion. Furthermore,
black garlic, i.e. aged old garlic, has been attidcas a higher antioxidant food
compared to raw garlicd]. However, in order to manufacture black garlictakes a
long time for aging at high temperature and highiality [7]. Therefore, it is desired to
not only shorten the manufacturing time but alsopdify the manufacturing process. In
a previous reportgd], we undertook pretreatment of raw garlisllium sativunmy by
steam explosion for the extraction of antioxidai@gam explosion is a hydrothermal
pretreatment method for plant biomass (especiabpds and herbaceous plants) that
uses high pressure and high temperature steamuwith® addition of any chemicals to

cause autohydrolysis, defibriation, and deligniima. This method has several
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advantages; it eliminates the use of toxic subs&rmstich as strong acids and alkalis,
chemical-tolerant equipment, and waste processystess etc. The steam-exploded
garlic possessed antioxidant activity higher th&aclh garlic. Garlic contairalicin as
antioxidant which has potential mechanism for aatdiovascular disease i.e. to
increasing antioxidant status, inhibit enzymes imed in lipid synthesis, decreased
platelet aggregation, to prevent lipid peroxidatairoxidized erythrocytes, and inhibit
angiotensin-converting enzym@-11]. However, the effective use of natural antioxidan
sources is an important thing to do, to obtaindbst efficiency from each process to
produce the natural antioxidant. Therefore, we ioomltto study the opportunity to use
garlic husk (GH), i.e. a waste of peeled raw gad&a source of natural antioxidant for
effective utilization of food waste. Though contienal solvent extraction is the most
widespread technique for the extraction of antiaridcompounds from plant biomass,
new hydrothermal methods have surfaced as envinotathefriendly alternatives to the
former method.

In this work, we used not only steam explosion (BH) also microwave (MW)
treatment as hydrothermal methods for the extractib antioxidants from GH and
compared their extraction effects. MW is an intéim@ating method that enables the
rapid and homogeneous extraction of antioxidantepared with other processes with
external heating method such as SE. MW has margraayes, i.e. fast heating rate and
response, high heating efficiency, uniform/locaktireg and selective heatind?.
Thermal heating of MW treatment is the most efiextand provides rapidly heating
transfer, direct to the molecules that are presetite reactants, which is better than the
conventional thermal heating that is slow and ingfht. Moreover, in the reaction on
conventional heating, the surface of the materad higher temperatures than the
reaction mixture 13]. MW treatment could be used to improve the preadsncreasing

of antioxidant activity from GH. Furthermore, theWMtreatment can modify by

20



selectivity conditions to conduct the reactionst tha not occur under conventional
thermal heating conditions. The aim of this worksw@ elucidate the effects of
hydrothermal methods as SE and MW on the extraaiiowater soluble antioxidant

materials from GH.
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2.2. Materialsand M ethods

2.2.1. Sample

Raw garlic Allium sativum was purchased from a local market in Aomori Rrefies,
Japan. Raw garlic was divided into flesh and httsihusk was removed to a thickness
of 0.02-0.17 mm manually. In case of addition oflimg treatment, crush mill (D3V-10,

Osaka Chemical Co. Ltd., Japan) was used for 1&g per one time treatment).

2.2.2. Thermal treatment of garlic husk

We used three kinds of thermal treatment, heatingutoclave (HA), steam explosion
(SE), and microwave irradiation treatment (MW) floe treatment of garlic husk (GH).
HA was carried out using an autoclave apparatugh(lpressure steam sterilizer,
LSX-500, TOMY SEIKO Co. Ltd.). 0.5 g of the GH wpataced in 200 ml of beaker,
heated at 121 °C for 10 min.

SE was carried out in a batch apparatus equippéd avL reactor (NK-2L, Japan
Chemical Engineering and Machinery Co. Ltd., Osdlepan). Fifty grams of GH was
introduced into the reactor and exposed to satirsteam at a temperature of 200 and
213 °C for a steaming time of 5min. After expostae¢he saturated steam, a ball valve
at the bottom of the reactor was suddenly openedapadly bring the reactor to
atmospheric pressure. The liquid-solid reactiordpob was collected in the receiver.
MW was carried out using an initiatér instrument (Biotage Co. Ltd.) equipped with a
20 ml reaction tube, at a frequency of 2.45 GHze BH was ground by crush mill
before the MW treatment. 0.5 g of the GH was sudednn 20 ml of distilled water,

heated at 200 °C for 2 and 5 min.

2.2.3. Extraction and separation method

After the thermal treatment of GH, one gram of skenfdry matter) was extracted in a

22



300 ml of Erlenmeyer flask with 100 ml of distillecater and the extract (supernatant)
was separated by a filtration followed by determgnof radical scavenging activity and

amount of total phenolic compounds.

2.2.4. Determination of radical scavenging activity

DPPH (1, 1-diphenyl-2-picrylhydrazyl radical) isstable nitrogen-centered free radical
whose color changes from violet to yellow upon wdtiuin by either the process of
hydrogen-or electron-donatioii4]. Radical scavenging activity was calculated based
on the change of absorbance due to the decre&eRH in relation to the control value
[15, 14. The extract (2 ml), ethanol (2 ml), and 0.5 mNPEH in ethanol solution (1
ml) were mixed in the test tube, and the decreasabisorbance at 517 nm was
measured after 30 min of reaction. Consideringctiler of extract, the ethanol solution
(1 ml) instead of 0.5 mM DPPH in ethanol (1 ml) wesed as a blank. As a control
water (1 ml) was added instead of the extract. fEukcal scavenging activity can be

calculated by the followingquation (1):

Radical scavenging activity (%) = [Xo— (X— Xa)/Xo0] x 100 (1)

Where X is the absorbance of the extract and DPPH at ®i‘after 30 min of
reaction,Xg is the absorbance of DPPH at 517 nm as a coafndlX; is the absorbance
of the extract at 517 nm as a blank. All determaoret were performed in duplicate and

the means were calculated.

2.2.5. Determination of total phenolic compounds
Amount of phenolic compounds in the extract was suead according to the

Folin-Ciocalteu methodl|[/]. The extract (20@Ql) was added to the test tube containing
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4 ml of distilled water, followed by addition ofril of phenol reagent and the mixture
was thoroughly stirred. In addition, 1 ml of 10%{@vsodium carbonate was added to
this solution. The absorbance of reaction was nredsat 760 nm after 1 h of reaction.
Estimations were carried out in triplicate and aglted from a calibration curve
obtained with catechin. The amount of phenolic conmuls was expressed as catechin

equivalent (mg-catechin eqiv./g-dry treated GH).

2.2.6. Severity factor
The severity factor of thermal treatment is expeddsy a correlation between treatment
temperature and treatment timE8{2J. The severity factor can be calculated by the

following equation (2):

S=TLog [ ¢+ exp{(7—100)/14.75}] 2

Where S is the severity factor, T is the treatntemiperature (°C), and t is the treatment
time (min). 14.75 is the activation energy valuelemconditions where process is first
order kinetics and obeys the Arrhenius law.

2.2.7.*H NMR analysis

The'H NMR spectra of water extract from GH were obtdia¢ 400 MHz using JEOL

ECZ400S spectrometer and@as the solvent.
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2.3. Results and discussion

2.3.1 Extraction of antioxidant material from gethusk

Noda et al. §] reported that novel pretreatment method of exitvacof the antioxidant
material from raw garlic using steam explosion rodftthe antioxidant activity of raw
garlic treated by steam explosion was higher than of black garlic, i.e. aging garlic.
Generally, the outside part of fruits or vegetalfgrlic, in this study) is considered to
be a richer resource of bioactive polyphenols fingide part because of its protective
function [21]. Therefore, we used the GH as experimental materigktract antioxidant
materials. At first, to extract the antioxidant evddls from GH, we tested the simple
three treatment method, i.e. milling, heating byoalave apparatus (high pressure
steam sterilizer, HA) at 121°C for 10 min, and mglcombined with HA. E¢; value, a
concentration at a radical scavenging activity @ and amount of phenolic
compounds obtained from untreated GH and treated bgHmilling, heating by
autoclave (HA), and milling combined with HA arensmarized inTable 1 With
untreated GH, the Bgand amount of phenolic compounds were 29.73 gll &6
mg-catechin equiv./ g-dry treated GH, respectivélhe EG, values decreased
(increased the antioxidant activity) and amounploénolic compounds increased with
milling treatment and HA, finally, with milling cobined with HA method, the &g
and amount of phenolic compounds were 12.73 g/l aAdmg-catechin equiv./ g-dry
treated GH, respectively. From this result, it viasnd that milling and heating the
sample was effective to extract the antioxidantemals from the GH. Therefore, next,
to obtain higher amount of phenolic compounds igfitty, two hydrothermal method,

steam explosion (SE) and microwave irradiation mettMW) were investigated.
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Table 1 EGpvalue and amount of phenolic compounds of exwhtiined from untreated GH and

treated GH by milling, heating by autoclave (HA)damilling combined with HA.

Untreated Milling treatment HA Milling treatment  HA
ECso (9/1) 29.73 22.82 17.2712.73
Phenolic compounds 0.6 1.6 0.8 1.9

(mg-catechin equiv./ g-dry treated Bk

—_

26




2.3.2. Extraction of antioxidant material from gahusk using hydrothermal methods
Fig. 1shows the relationship of radical scavenging &gtand sample concentration of
extract with water obtained from treated GH by Stedm temperature of 200°C and
213°C for a steaming time of 5 min) and MW (treatineemperature of 180°C and
200°C for 2 min and 5 min). The proportional caateln between radical scavenging
activity and sample concentration was observedeyd of each sample was obtained
from the straight lines oFig. 1 Fig. 2 shows the E& values determined from the
straight lines ofFig. 1 and amounts of phenolic compounds at various rnresai
conditions, data obtained by milling combined WHA was used as a reference. The
ECso values obtained by SE and MW were quite lower ttiet obtained by milling
combined with HA, the lowest Egvalue (the highest antioxidant activity) was 0.26 g
obtained by MW at treatment temperature of 200%C5fonin. Similar result, 0.202 g/l
of EG5p value from steam exploded garlic (flesh, not husk¥teaming temperature of
200°C for steaming time of 5 min, was reported hydal et al§]. Furthermore, the
amounts of phenolic compounds obtained by SE and W&ve higher than that
obtained by milling combined with HA. The highesh@unt of phenolic compounds,
40.0 mg-catechin equiv./ g-dry treated GH, was iobth by MW at treatment
temperature of 200°C for 5 min, which was 21 foighler than that obtained by milling
combined with HA (1.9 mg-catechin equiv./ g-dryatied GH). Ichikawa et aR[l]
reported that some phenylpropanoids such as coomadid, ferulic acid,
guaiacylglyceroR-caffeic acid ether, andN-trans-coumaroyloctopamine could be
extracted from garlic husk with 80% ethanol solntidhese compounds have one or
two phenolic structures in their chemicals strugtimsoluble or less soluble in water. It
suggests that the partial decomposition (low-mdeaation) occurred by activated
water generated by SE with a high temperature apdspre steam followed by the

rapid decompression to the atmospheric pressu/dmwith efficient heating (heat can
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be generated throughout the volume of the matdnialhigh temperature and pressure
[23], water soluble phenolic compounds were generated.

Fig. 3shows the relationship of B§value of water extractive obtained from treated
GH by SE and MW method at various conditions anceisty factor of each method.
The EGp value dramatically decreased with the increash®fseverity factor and then
it reached constant value (between 0.26 and 1.04deyond 3.0. Similar result was
observed about steam exploded garlic fle8h the EGo decreased rapidly with the
increase of the severity factor and then it dee@asowly beyond 3.5 (steam explosion
at 15 atm for 3 min or 10 atm for 10 min), reachamg almost constant value. From
these results, these relationships showed thatoppate condition to extract
antioxidant material from garlic flesh [8] or GHi@ study) using steam explosion or

two hydrothermal methods, i.e. SE and MW (this gjubuld be determined.
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Fig. 1 Relationship of radical scavenging activity and gntoncentration of extract obtained

from treated GH by SE and MW under various condgio
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2.3.3.'H NMR spectra of water extractive from garlic husk

To compare the contained chemical components ierveattractives from untreated GH
with that from microwave treated GH under 200 °@atment temperature and
treatment time of 5 min, we confirmed the speciopsc data of water extractives using
'H-NMR. Fig. 4 shows théH-NMR spectra of the water extractive from untrela@H
(a) and water extractive from microwave treated B} With the water extractive from
untreated GH, there were a few signals in highdfi¢.0-6.0 ppm) and low field
(6.0-10.0 ppm) region of the spectrum, on the olfaerd, with the water extractive from
microwave treated GH, many signals were observegeéally, signals in low field
region indicated that water extractive from microwatreated GH contained the
constituent have aromatic ring such as water selpbenolic compounds decomposed

from phenylpropanoids mentioned above.
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Fig. 4 'H NMR spectra of extract obtained from untreated @Hand treated GH by MW (200°C

for 5 min)(b).
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2.4. Conclusion

This i1s the first report of the extraction method of antioxidant material as water
extractive from food waste GH using two environmental friendly hydrothermal methods,
1.e. steam explosion and microwave irradiation method. From this study, it was cleared
that water extractive from GH had a high free radical-scavenging capacity, therefore,
GH could be a promising source to generate useful pharmaceutical products. Future
study will be focused on the determination of optimal condition by SE and MW under

various treatment temperatures and times.
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