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Extraction of Antioxidants
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Abstract

Extraction (MAE) have been also investigated. The mechanisms of these two People
have recently concerned and taken care of health. Other than meal which they have to take in each
day, they take supplements which are composed of useful compounds such as antioxidants.
Antioxidants are found in many types of plants, algae and yeasts. It’s rarely possible to consume
large amount of plants in the same time to achieve the suitable dose, and therefore, the extraction
will be the crucial role in pulling the important substances from such plants and concentrate these
substances in ready-to-eat encapsulated formulations. The extraction method must be appropriate
to keep these compounds in the form with antioxidant activity. The conventional methods are
extraction by using a Soxhlet apparatus and by soaking in solvent. They are convenient to use,
however, they use large amount of solvent. Accompanying with solvent, the use of ultrasound in
Ultrasound-assisted Extraction (UAE) and microwave in Microwave-assisted extraction methods
depend on the properties of solvent in bubbling and performing as resistance in microwave field,
respectively. The new developed green technology with easy to remove solvent is using water
under subcritical condition (Subcritical Water Extraction, SWE) and carbon dioxide under

supercritical condition (Supercritical Carbon Dioxide Extraction, SC-COZ).

Keywords: Antioxidant, Soxhlet, Maceration, Ultrasound,-assisted extraction, Microwave-assisted extraction,

Subcritical water extraction (SWE), Supercritical carbon dioxide extraction (SC-CO,)
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Authors Materials Compounds Frequency (kHz) & Power (W)’x< Solvent type Temperature (°C) Time
Salisova et Salvia officinalis Pharmaceutical active 37-42, 130 65% methanol 20, 30, 50 1,3,5,12,24h
al., 1997 [4] compounds
Rostagno et al., Soybeans Isoflavones 24,200 Methanol, ethanol, 10, 60 10, 20 min
2003 [5] acetonitrile, 50% ethanol
Schinor et al., Chresta scapigera Triterpenoids 60, 125 Dichloromethane, 30 30 min
2004 [6] methanol
Jianyong et al., Ginseng root Saponins 38.5, 810 Pure ethanol, water, 38-39 1-2h
2001 [7] n-butanol, 10% methanol
Vazquez et al., Heterophyllaea Anthraquinones 40, 80 Benzene, ethyl acetate 50 15, 30, 45, 60
2014 [8] pustulata (Rubiaceae) min
Pan et al., 2011 pomegranate peel Tannic acid 20, NA Water with water:peel 2542 2, 10, 20, 30,
and 2012 [9, 10] ratio 50:1 60, 90 min
Tabaraki and Rice bran Polyphenols/antioxidants 35, 140 65-67% Ethanol 51-54 40-45 min
Nateghi, 2011
[11]

Roseiro et al., Ceratonia siliqua L. Polyphenols 35,320 Water and 70% acetone 30 30 min
2013 [12]
d’Alessandro Black chokeberry Polyphenols 30.8, 100 Acetone, alcoholic 20-80 4h

etal, 2012 [13]

MUNBI1E NA = not available %30 1 1dnan 13 lwenas

* o w 4 4 o A
FumdslWihveunienaudsiniuiga

solvents

<

r

DILRLUBLBLBLLBLRULELBELL

ufL

IS

W

LSST NBLEn&-NBL&UEUH@@Y T WRe ¢z u



8¢l

M9 2. uIseRneTumsanaaslse Teriannumrasige Tasldaaululasndsiudrelumsada (MAE)

Frequency (MHz) & Solvent/solid Temperature Time Pressure
Authors Materials Compounds « Solvent types
Power (W) (ml/g) (°C) (min) (kPa)

Pan et al., Licorice root Glycyrrhizic acid 2450 MHz, 700 W Water, ethanol, 50-60% 10:1 85-90 0.5-10 -
2000 [14] (GA) ethanol, ammonia
Guo et al, 2001 Radix puerariae Puerarin 2450 MHz, 700 W Ethanol-water with % of 0, 30, 5,10, 20, 30, 40, 85, 90, 100, 2,5,8, 50-100
[15] 50, 70, 95 50 115,130, 135 12,30
Pan et al., Salvia miltiorrhiza Tanshinones - n-Butylacetate, ethanol 10:1 80 0.5-5 -
2002 [16] bunge of root (95%), methanol, acetone,

n-butanol, ethylacetate,

tetrahydrofuran
Hao et al., 2002  Artemisia annua L. Artemisinin NA, 650 W Ethanol, Trichloromethane, >11.3 - 2,4,6,8,10,12, 14, -
[17] Cyclohexane, n-hexane, 18

Petroleum ether
Pan et al., Salvia miltiorrhiza bunge Tanshinones 2450 MHz, 700 W - - 80 0.5-5 -
2002 [18]
Shu et al., 2003 Ginseng root Ginsenosides 2450 MHz, 30 and Water-cthanol - Ambient 1,2,5,10,15) -

[19]

150 W
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M9 2. (@) aTENneITuMIanaasilsg Teainnunasaneg Tagldaau luTasnnsudrelumsana (MAE)

Frequency (MHz) & Solvent/solid Temperature Time Pressure
Authors Materials Compounds « Solvent types
Power (W) (ml/g) (°C) (min) (kPa)

Lietal, 2004 Eucommia ulmodies Geniposidic 2450 MHz, 700 W Methanol-Water 20 - 0.10, 0.30, 50
[20] Chlorogenic acid (80%)

Methanol-water - -

(20%)
Fulzele et al., Nothapodytes foetida Camptothecin NA, NA Methanol, ethanol - 80 3
2005 [21] (CPT)
Zhou et al., Tobacco leaves Solanesol 2450 MHz, 700 W Hexane, ethanol, - 60 5,10, 20, 40, 60
2006 [22] hexane:ethanol

(3:1, 1:1, 1:3)
Martino et al., Melilotus officinalis Coumarin, NA, 100 W Ethanol-water - 50, 110 5,10
2006 [23] o-coumaric and

melilotic acids

Barbero et al., Peppers Capsaicinoids NA, 500 W Methanol, ethanol, acetone, 5:1 50-200 5-30
2006 [24] ethyl acetate and Water
Hemwimon et Morinda citrifolia of Anthraquinones 2450 MHz, 1200 W Acetone, methanol, 100 60, 80,100, 120 5,10, 15, 20
al., 2006 [25] roots ethanol, acetonitrile,

ethanol:water

(20:80, 50:50, 80:20)
Chen et al., Ganoderma atrum Total triterpenoid 2450 MHz, 800 W 95% Ethanol, 25 60, 70, 78, 100, 20

2007 [26]
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M9 2. (@) aTENneITuMIanaasilsg Teainnunasaneg Tagldaau luTasnnsudrelumsana (MAE)

Frequency (MHz) & Solvent/solid Temperature Time Pressure
Authors Materials Compounds « Solvent types
Power (W) (ml/g) (°C) (min) (kPa)
saponins chloroform, ethyl 120 -
acetate, n-butanol,
acetone, and
methylene
chloride/methanol
mixture (v/v,1:1)
Mauricio et al., Soy beans Isoflavones NA, 500W Ethanol or 50 50, 75, 100, 10, 15, 20, 25, 30 -
2007 [27] Methanol, (vary 125, 150
water 30-70%)
Mao et al., Rhodiola L. Salidroside and 2450 MHz, 200, 400 Methanol:water 5 - 1-8 -
2007 [28] tyrosol and 700 W (10, 20, 30, 40, 50, 60, 80,
90%)
Chen et al., Herba Epimedii Flavonoids NA, 100 W Ethanol and methanol - 80 10 -
2008 [29]
Wang et al., Panax ginseng root Ginsenosides High pressure Methanol, 70% - 2,5,10, 15, 10 100, 200,
2008 [30] microwave assisted ethanol-water, water 30 300, 400,
extraction (HPMAE) 500
Terigar et al., Rice bran/ 250-3,000 MHz/NA Methanol, ethanol, 1:0.5, 1:1 23-50 - -

2010 [31]

Soy bean flour

hexane, isopropanol and 1:2 by weight

MN18IME NA = not available w30 11 lanan13luenais
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M9 3. uReinenumsanaasidse Tesdvinurasaiee Taslddhazareneldaniziineginga (SWE)

Pressure Sample loading Extraction
Authors Materials Compounds Temperature (°C)
(bar) (g) chamber (ml)

Pourali et al., 2009 Rice bran Oil 100-360, 120-240 Up to 250 3 32
(34]
Ko et al., 2014 [35] Onion skins, Saururun chinensis, Non-polar flavonoids, 110-210 100 1 22

seabuckthorn leaves, parsleys, quercetin, isortamnetin,

carrots, lemons peels, orange peels, kaempferol

grapefruit peels
Meillis et al., 2013 Brown seaweed Bioactive compounds 200-280 130-600 250 500
(36]
Cheigh et al., 2012 Citrus unshiu Flovanones; hesperidin, 10-100 110-200 10 34
[37] narirutin
Budrat and Bitter lemon (Momordica charantia) Phenolic compounds 100 130-200 1 10
Shotipruk 2009
(38]
Fernandez-Ponce Mangifera Indica leaves Phenolic compounds 100 40 15 100

etal., 2012 [39]
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M9 3. (Av) NUITENINEINUMsanagslidse lesinnumainieg Tagldahazareneldagn1iziinginga (SWE)

Pressure Sample loading Extraction
Authors Material Compound Temperature (°C)
(bar) () chamber (ml)

Aliakbarian et al., Grape pomace Phenolic compounds 100-140 80-150 2 100
2012 [40]

Narita and Inouye Coffee silverskin Antioxidants 25-270 10-53 1 NA
2012 [41]

Gong et al., 2013 Sea buckthorn Polyphenols 55 300 2 NA

[42] (Hippophae rhamnoides L.)

MUNBI1E NA = not available 130 1ildnan13luenans
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CO, (liquid)
Pressure Sampling Extraction
Authors Material Compound Solvent Type Temperature (°C) flow rate
(bar) loading (g) chamber (ml)
(ml/min)
Palma et al., Grape seed Polyphenolics SC-CO, with methanol 35-55 NA 0.03 1 1
1999 [44] as co-solvent
Tonthubthimthong et al.,  Neem seeds Nimbin SC-CO, 35-60 100-260 2 0.24-1.24 10
2001 [45]
Huang-Chung et al., Ginseng root hair Ginseng root SC-CO, with ethanol 35-60 104-312 80 5 300
2001 [46] hair oil and as co-solvent
ginsenosides
Mendes ez al., 1995 [47] Algae Chlorella vulgaris ~ Carotenoids and ~ SC-CO, 40-55 200-350 5 400 NA
other lipids
Matsuyama et al., 1998 Yeast Phaffia rhodozyma  Astaxanthin SC-CO, 40 197 0.3 N/A 50
[48]
Careri et al., 2001 [49] Spirulina pacifica algae Carotenoids SC-CO, with ethanol 40-80 150-350 0.5 2 7
as co-solvent
Imsanguan et al., Rice bran Y-oryzanol SC-CO, 45-65 380 and 480 0.5 0.45 -

2008 [50]
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M 4. (@o) NuITeRmeITuMIATAamsiilse Toeminnunaig Tasldiniazaemsveulasen ledianzingdeiads (SC-co,)

Pressure Sampling Solvent flow Extraction
Authors Materials Compounds Solvent Types Temperature (°C)
(bar) loading (g) rate (ml/min) chamber (ml)

Machmudah et al., Haematococcus pluvialis ~ astaxanthin SC-CO, with ethanol 40-80 200-550 7 2-4 50
2006 [1] as co-solvent
Ruen-ngam et al., Chlorella vulgaris Lutein SC-CO, with ethanol 40-80 200-400 10 3 50
2012 [51] Chlorophyll a, as co-solvent

Chlorophyll b,

[B-carotene

¥U0119 NA = not available 50 11'ldnan 13lwenans
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