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Scientific studies have established a relationship between the consumption of phytochemicals such as carotenoids,
polyphenols, isoprenoids, phytosterols, saponins, dietary fibers, polysaccharides, etc., with health benefits such as
prevention of diabetes, obesity, cancer, cardiovascular diseases, etc. This has led to the popularization of
phytochemicals. Foods containing phytochemicals as a constituent (functional foods) and the concentrated form of
phytochemicals (nutraceuticals) are used as a preventive measure or cure for many diseases. The health benefits
of these phytochemicals depend on their purity and structural stability. The yield, purity, and structural stability of
extracted phytochemicals depend on the matrix in which the phytochemical is present, the method of extraction,

the solvent used, the temperature, and the time of extraction.

phytochemicals bioactive compounds extraction methods solvents Functional foods

| 1. Introduction

Phytochemicals are plant-based bioactive compounds produced by plants for their protection. They can be derived
from various sources such as whole grains, fruits, vegetables, nuts, and herbs, and more than a thousand
phytochemicals have been discovered to date. Some of the significant phytochemicals are carotenoids,
polyphenols, isoprenoids, phytosterols, saponins, dietary fibers, and certain polysaccharides. These
phytochemicals possess strong antioxidant activities and exhibit antimicrobial, antidiarrheal, anthelmintic,
antiallergic, antispasmodic, and antiviral activities (22, They also help to regulate gene transcription, enhance gap
junction communication, improve immunity, and provide protection against lung and prostate cancers EIHIEIEIT],
The recent focus on translational research has enhanced the dimensions of functional foods. Phytochemicals, after
extraction from various sources, find profound application in the development of functional foods and
nutraceuticals. Phytochemicals exhibit variations in their affinity for solvents and tolerance to heat. The selection of
the solvent also affects the quality of the recovered phytochemical and its application in the development of food
and nutraceutical products. The solvents can be divided into green solvents [water, ethanol, glycerol, fatty
acids/oils, acetic acid, ionic liquids, carbon dioxide (CO,), deep eutectic solvents and natural deep eutectic
solvents (NADES), etc.] and other solvents such as acetone, chloroform, butanol, methanol, ethyl acetate, methyl
acetate, benzene, hexane, cyclohexane, etc. Bl Loss in functional properties can occur with the use of non-
compatible solvents and varied exposure to different temperatures. Additionally, extraction efficiency depends upon
the matrix in which the phytochemical is present. Several matrix-related characteristics, such as matrix type,
structure, pre-treatment, particle size, and solid-liquid ratios influence the extraction efficiencies of phytochemicals

and extraction techniques 2. To ensure quality products, phytochemicals must be extracted from the source crop in
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a manner that retains their natural structure and properties. Hence, it is imperative to select a suitable method of
phytochemical extraction. Some of the widely used conventional methods are maceration, percolation, decoction,
reflux extraction, and Soxhlet extraction, and the novel methods are pressurized liquid extraction (PLE), high
hydrostatic pressure extraction (HHP), microwave-assisted extraction (MAE), ultrasound-assisted extraction (UAE),
pulsed electric field extraction (PEF), vibro-cavitation extraction, extraction under vacuum-oscillating boiling
conditions, extractions in mills, extraction in rotary-pulsation apparatus (RPE), liquid gas extraction (LGS), enzyme-
assisted extraction (EAE), supercritical fluid extraction (SFE), and natural deep eutectic solvent extraction
(NADES) [8I[10],

2. Overview of Major Phytochemicals and Related Health
Benefits

The type and concentration of phytochemicals in the source crop vary according to intrinsic and extrinsic factors
such as crop type, variety, soil, and environment (region, altitude, and season) of cultivation. This section
discusses major phytochemicals, their characteristics, and associated health benefits. A detailed list of major

phytochemicals, their sources, and their health benefits is also provided in Table 1.

Table 1. Major phytochemicals, their sources, active sites, and the related health benefits.

Phytochemical Sources Active Site Health Benefits References
Carotenoids
Pulp of mango,
Mango, pear, peach, P g
. tangerine, avocado,
pumpkin, butternut Regulates gene
squash, green bean butternut squash, and transcription, protects
a-carotene ' ' pumpkin: _ ’ [ZI[L1[12]
okra, avocado, chard, against lung and prostate
collard greens, cancer, good for eye health
g the green part of okra, g y
tangerine, banana
g chard, collard greens
[B-carotene Red pepper, carrot, Green parts of plants,  Enhancement of gap junction e

spinach, peaches,
brussel sprout,
grapefruit, sour

cherries, papaya,
mango, romaine

lettuce

flowers, roots, and

stems of plants;

pulp of mango,
grapefruit, papaya,
etc.

communication, enhances

immunity
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Phytochemical

Lutein

Lycopene

Xanthophylls

Cryptoxanthin

Fucoxanthin

Polyphenols

Sources

Asparagus, spinach,
kale, green beans,
orange pepper,
lettuce, broccoli,

parsley, pistachio nuts

Tomato, sweet potato,
pink grapefruit, pink
guava, watermelon,

apricot, papaya,

rosehip

Pumpkin, papaya,

pepper, mushroom

Apricot, papaya,
peach, cashew
apples, seabuckthorn,
mandarin, tangerine,

lemon

Brown seaweeds,
Bacillariophyta,
Chromophyta,
Macroalgae,

Microalgae

Active Site

Leaves of spinach,
lettuce, parsley;
flower part of broccoli;
essential oil of
pepper; middle

lamella of nuts

Skin and pulp of
tomato, grapefruit,
watermelon, apricot,

guava

Young leaves of

papaya, pumpkin;

essential oil of pepper

Skin and pulp of
cashew apple and

citrus fruits

Chloroplasts of brown

seaweeds

Health Benefits

Improves immunity, good for

eye health

Improves eyesight, reduces

pain, and strengthens bones

Antioxidant properties,
boosts eye health and blood

flow

Maintains pulmonary health,
prevents arthritis and
inflammation; improves

immune response

Antioxidant, anti-
inflammatory,
antihypertensive,
anticancerous, antidiabetic,
antiobesity and

radioprotective properties

References

[15]

(16][17]

[18][19]

(10](22]
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Phytochemical

Flavones

Flavanones

Flavanols

Anthocyanidins
and

anthocyanins

Polyphenol
amides

Isoprenoids

Limonene

Sources

Parsley, oregano,
rosemary, green olive,
pumpkin, watermelon,

bell pepper, honey,
fava beans, chickpea,
field pea

Grapefruit, pumelo,

mandarin, lemon

Chocolate, tea,

grapes

Blueberry, cranberry,
pomegranate, red
grapes, black
soybean, purple corn,
red cabbage,

raspberry

Oats, chili, pepper

Lemon, lime, orange

Active Site

Essential oils of

spices,

pulp of watermelon

and pumpkin

Pulp of citrus fruits

Green and black tea

leaves

Flesh of berries, skin

of grapes, corn fiber

Capsaicinoids in chili

pepper,

avenanthramides in

oats

Oil of orange

Health Benefits

Action against free radicals,
protective effects against
cardiovascular diseases,
cancers, and other age-

related diseases

Protective effects against
cardiovascular diseases,
prevention of inflammation

and allergies

Action against free radicals,
prevention of inflammation

and allergies

Protective effects against
cardiovascular diseases,
prevention of inflammation

and allergies

Prevention of inflammation

and allergies

Anti-inflammatory,
antioxidant, and anti-stress

properties, as well as a

References

(23]24]

(25][26]

(27][28]

(26][29]

(23]1[30]

(311132
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Phytochemical

Myrcene

Pinene

Phytosterols

Campesterol

Sitosterol

Stigmasterol

Sources

Mango, guava,
thyme, parsley, bay
leaves, lemongrass,

cardamom, sweet

basil, juniper

Cannabis, turpentine
tree, ironwort, sage

plant

Banana,
pomegranate, pepper,
coffee, grapefruit,
cucumber, onion, oat,

potato, lemongrass

Avocado, hazelnut,
walnut, soybean,

olive, canola

Soybean, calabar

bean, and rapeseed

Active Site

Essential oil extract of

lemongrass, juniper,

cardamom

Qil of cannabis,
ironwort, and sage

plants

Pulp of bananas,
pomegranate,

grapefruit;

essential oil of
pepper, lemongrass,

etc.

Oil of hazelnut,
walnut, olive, canola,

soybean

Oil of soybean,
calabar bean, and

rapeseed

Health Benefits References
neuroprotective role in
Alzheimer’s disease
Anxiolytic, antioxidant, anti-
aging, anti-inflammatory, and 24l
analgesic properties
Antibacterial, antitumor, anti-
inflammatory, and sedative [35](26]
properties
Used in the treatment of
allergy, asthma, psoriasis, (371i38]
rheumatoid arthritis, chronic [39]
fatigue syndrome, migraine,
and menstrual disorders
Used in the treatment of an
enlarged bladder; reduces
[28][37]
the risk of cardiovascular [38]
disease, promotes anti-
cancer properties
Has a protective effect
against gastric and duodenal (37](38]
|'4_0]

ulcers, neurological

disorders
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Phytochemical

Campestanol

Sitostanol

Stigmastanol

Saponins

Dammarane

Tirucallane

Oleanane

Dietary fiber

Sources

Soybean, olive,

hazelnut, flax, cashew

Pepper, banana,
pomegranate,

soybean, olive

Hazelnut, olive, corn

Black gram, garden

pea, pigeon pea

Sunflower, almond,

walnut

Common bean, black

gram, almond

Active Site

Oil of soybean, olive,
hazelnut, flax, and

cashew

Oil of pepper,
soybean, and olive;
pulps of banana and

pomegranate

Oil of hazelnut and
olive, as well as corn
fiber

Middle lamella of

peas and legumes

Oil of almond,

sunflower, and walnut

Middle lamella of
legumes and oil of

almond

Health Benefits

Prostate health, hair growth,

reduce LDL cholesterol

Reduces chance of heart
attack and stroke, improves

hair growth

Reduces chance of heart
attack and stroke,

antioxidant activity

Exhibits hypoglycemic,
virucidal, and antifungal

activity

Has an effect on the
transverse tubular system
and sarcoplasmic reticulum
at lower concentration
(10pg/mL), has an effect on
skin inflammation and

diarrhea

Antimicrobial and
hypolipidemic activities; aids
in the treatment of chronic

diseases

References

[37]38]
[44]

(3713¢8]
(42]

(371[38]
(43]

[44)1a5]

[46][47]

(48]
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Phytochemical

Pectin

Cellulose

Lignin

Hemicelluloses

Polysaccharides

Amylose

Sources

Apples, apricots,

cherries, oranges,

carrots, citrus fruits,

rose hip

Rice, wheat, sisal,
jute, hemp, corn,
flasks

Flaxseeds, parsley,

carrots, horseradish),

Wheat, tomatoes,
berries, broccaoli,
cabbage, green
beans, peaches,
peas, Brazil nuts,

apples

Rice, wheat, nuts,
legumes, whole

grains

Corn, rice, quinoa,
potato, oats,

arrowroot

Active Site Health Benefits References
Peels of citrus fruits, Lowers LDL cholesterol;
cures diarrhea; promotes the [49][50]
middle lamella of cell generation of peripheral 51
walls of fruits regulatory T cells
Rice husk, Improves insulin sensitivity,
gut microbial viability and
[52][53]
wheat straw, diversity; reduces the level of [54]
bad cholesterol; reduces free
kernels of corn radical damage to cells
Seeds of tomatoes Lowers the risk of cancer,
i r hot flashes in
and berries, stems of educes hot flashes —
cabbage and broccoli, postmenopausal women, 57]
protects from cardiovascular
bran of wheat diseases
Bran of rice and
wheat, Improves metabolites from
gut microflora; reduces [581159]
middle lamella of cardiovascular risk
legumes, nuts
[60]

Starchy endosperm of Cures immUnOdefiCiency,

corn, rice, potato, and cancer, inflammation,

oats: hypertension, hyperlipidemia

retinoid action in the endometrium. g. cniuuciinul. 2uid, 236, R169—R188.

5. Cooperstone, J.L.; Schwartz, S.J. Recent insights into health benefits of carotenoids. In

ion: A

Prod.

limica et

IS of

Handbook on Natural Pigments in Food and Beverages; Carle, R., Schweigget, R.M., Eds.;
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Phytochemical Sources Active Site Health Benefits References

powder of arrowroot

d
2015,
) ] Starchy endosperm of ] ]
) White potato, rice, ) ) Improves intestinal health [60][61]
Amylopectin rice, white potato, ) ) )
oats, corn and increases gut microbiota
oats, and corn Jan)
-107.
Starchy endosperm of ~ Cures hypercholesterolemia ods of
) Buckwheat, oats, - [62]
Resistant starch ) oats, buckwheat, and and obesity; improves gut
lentils, peas, beans ) ] )
lentils microbiota
1, M.;
Rice, barley, guar Starchy endosperm of Improves gastrointestinal — sisted
Arabinoxylan gum, wheat, finger rice, barley, wheat, health; reduces diabetics, [65] . Public
millet and finger millet cancer, and obesity

1u. wurerio, E.; LGrosso, L.; Ferraz, K.; belerue-iviatos, L.; Soares, L. A Lriucal Lomparison of the
Advanced Extraction Techniques Applied to Obtain Health-Promoting Compounds from
Seaweeds. Marine Drug. 2022, 20, 677.

Jll.QeJ%hMt%hmg%llﬁmyﬁgm&r‘mm@dﬁ)f Food; Zeece, M., Ed.; Academic

Press: Cambridge, MA, USA, 2020; pp. 313—-344.
Extraction is defined as a process of removing or obtaining the desired compounds from the source material [66]

IhdNaganaiaisel; iaraanciol of Brgbemandan. dhibe Galrakis, dreh sErichRamH thy WM, ethanol,
gly&ersRtRRYIERs, N TGEEs!lised RNSLIU RSiREIR Hop ol Sepenfranerts; BgriRiclirnsyiabive, Reacessiagy
eutd@rhBinienss, erlanalistHerNrg&f: DRRARNIGR s sc&iambekleridi, BlnolGlethitd 28Ry2R88 ate,

18 BY AT RS, LN OXERRa IO R a e e BIE b AR B BT 0B UBRE P EtSolfs Ted otresadF:
bio%@%%,rg?w%land renewable nature. These solvents also have a high flash point. Among the green

solvents, water i_s the most used and universal solvent. It is a non-selective solvent and_can separate all the
It JubH%%e?sﬁ_E@la?sL_’sébmss,sprﬁ%n%l_i;cét%g,yéé/céﬂ_gﬁb%sg;eig RYEBAM R Uiheishey of (F5RISKln
be EhiSaREIPIPLAIRNRSAY, TP QI RM MR L SR SR O AUERRScoh M of Weler 4 78RS better

pen%%%ﬁ&t Superheated water is also a better solvent for the extraction of lipophilic substances such as essential
15IsEasehb RakeritB of Natel dscraaesg, SENifawity, hetivaesid (hd ZedxarttincLiE selg giyarideastion and is used
for Hiearxiinsbiinyoandlyfibeassvaribtitainggesrelaccexiastiarmeticigariesatioeinneetiohe NuRAEAGSI0ISMY
watgr ap@ acid. Glycerol has high thermal stability (boiling point 290 °C). It is too viscous at low temperatures and

hence has a low solubility. It can be used as an extraction solvent above 60 °C or with other co-solvents. Glycerol
16. Imran, M.; Ghorat, F.; Ul-Hag, I.; Ur-Rehman, H.; Aslam, F.; Heydari, M.: Shariati, M.A.;
is not a good solvent for hydrophobic con_wl_po_unds such as fatty acids “and oils but is a selective solvent for
Okuskhanova, E.; Yessimbekov, Z.; Thiruvengadam, M.; et al. Lycopene as a Natural Antioxidant
pol{ﬁ)henollc extraction. Fatty oils are a'good solvent for the extraction of hydrophobic substances and can be used
sed to Prevent Human Health Disorders. Antioxidants 2020, 9, S _
for the extraction of carotenoids, coumarins, tocopherols, flavonoids, etc. The major oils used for extraction are

soybean, almond, olive, sunflower, etc. Acetic acid buffer can be used for the extraction of phenolics and
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lahtRyaydnyitskas dprdpycap éne-grAdn @dtetivaicatotemeixhodfeti tgnel tisked Healtie amnatitien/of @il vilkalbids,
gurkrg) cohGoatdet ekl Fuperclilie@2C0, is used for the extraction of lignans, anthocyanins, and essential oils.
1 R AT R Rk A Ay SRR AR B G AN I P PRI R IO ARRial M R MEARhVIR U™ @
"I BB SRR s, N2 &1 RYR S n Y TIRa BT BENe S Ard REFARRUtE dRsights TR Gei O
fIanérBaBi’lité/zﬁr,]qllfx?/l%wegligible vapor pressure. These can be used for the extraction of a wide range of organic
and inorganic compounds such as flavonoids, alkaloids, saponins, lignans, etc. Deep eutectic solvents are a

1Qix@RE PRI P merd gt domp i MAVRkE A- e RBEIOp oMY -ichasaRlird. RIVIOSh IR S AL SR FQRING atkkp
eutB@inziguehialactidty ahleal anchstemdpalkRAUE S PURCIS PE NS RNKOSHEMRR IR PSSt ahd the
moRIe6HRNIRBSedRe¥%e 2838 chLsdivéhts for the extraction of phytochemicals are type Iil (choline chloride and

247€3iib 410 R NG YRF AN CROBCFY N RIS A RS HETRIR b BB AL N ARBD SRR REafpade up of
natyrah siRtabelifes %ﬁ%ﬁfﬂ?'ﬂ%6?@611@’?5‘,02@3—@91.3“96‘5’ polyols, and choline derivatives. These solvents

have a low volatility and melting point and a broad polarity range. These solvents can be used for the extraction of
2R SHYR IR INRIEY JO PRI RIS ARABR RN GG AL BRSNS is a
suitab I SO RS A ARAgS: TR YIURE AL DR o R0 S IGR IO S RN RY OB AR of
fIaVI(\)/IﬁOiﬁg, %E’afi‘ph'eh%’}(@sﬁ' ae’t(;r I\/%%Sa'l;\o":r Igne Ié‘ahrlo'rbt‘) o‘?’rtﬁa r%%n ih-fl;gr%rll\tl %)%%%?We%hgr%r gls Bgéol Po?%wse' extraction
201 flangidx. shpanlyis, Xannids, StakohokornPiezisardtekhyah €D Ilydrlis pukh Bs\ethaoo! MndlLiat addiseer e
extificivondidikandsapdpintbotyaranh&wanel gab demissed? thgidragiicines2003n4,09tal pheddics, and
flavonoids; however, it is mainly used for the purification of fractions of individual compounds. n-hexane is a solvent
23. Ballard, C.R.; Marostica; M.R. Health Benetfits of Flavonoids. In Bioactive Compounds; Woodhead
with_low. acute toxicity. It can be used for the extraction of flavonoids, carbohydrates, anthra-glycosides, and

Pu_bllshln%: Cambridge, UK, 2019; pp. 185-201. _ _ - _
saponins. Methyl acetate IS a volatile solvent that is produced by acetic acid esterification with methanol or as a

26y prisesi@tigurify LmiditalsipRaMaiyldisAWRIZ uSed. MavRNes: theaskiReusees: Bigastdalilifyd tocopherols.
BerMetaolisivieansl jBiragvilys AehmNaltnt 284 be&isdd fordBS extraction of flavonoids, phytosterols, alkaloids,
KPR SYLOPRANER G2 3R 1408 SARCUIRSEE R R B! Aiftioxidant capddify diafe
CONSB'EU9SH A0 E1E HEFUR SRR LCp ORI S S0 CAN MR UG (8 Y§h b §BSHERFAS¥L AN and

.. 70
Wiigsek@ i extraction. J. Food Sci. Tech. 2018, 55, 5106-5114.

2fhel exnastiBaeimiancyoAn Keiffertr Mhharfckay By epasiziipés@acsoandriifiyasacianlao raschdiad wigsolvent,
tenfPeeiiieneadn dighr v tddrn. plo&dis keod AgniceRBRB, 880l dylP®8ollection of extract, isolation,

Purfigaton ﬁ[]ﬂm%*)%)iﬁé‘??%fé‘@i&ﬁ‘?ﬁ*\’/\‘/‘?&’.‘%ﬁ?‘\ﬁﬁeﬂr&%‘? Bifﬁ‘%i‘éeo?ﬁﬁﬁ’ﬁéJBHScIf%Wet%@Rf&ﬁé <3 ;_S%stlﬂ%‘ﬁ‘%‘f”
of RAMSHATI5IRY 2 RARASRBUCTIEY decrease in RIOURGILAFHPHMSTIRS QUL 8l & SR ARPELERAH "
AreAlSARERS (h SR L Wi SRAYAPAMSHYS. X0 LiehEsTHNS 22020, 86, 103385.

28. Baapts 2E1Rrepikiz<d cobditnis for INeeliemiesn bitienkiards, @ikh diglany patetim faethods.
prevention of cognitive decline. In Nutrition and Functional Foods for Healthy Aging; Watson,

Time
Extraction Method Solvent Temperature Pressure References
Consumed _
2 ry skin
), 1-14.
Maceration Water, agueous and Room Atmospheric 3-7 days e
3 non-aqueous solvent temperature or pressure or up to B.
months
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(@8]

(98]

(@8]

(@8]

(%)

(@%)]

(@8]

(98]

(@8]

Extraction Method

Percolation

Decoction

Reflux extraction

Soxhlet

extraction

Pressurized

liquid extraction

Microwave-
assisted
extraction

Ultrasound-
assisted

extraction

Pulsed electric

field extraction

Solvent

Water, agueous and
non-aqueous solvent

Water

Water, aqueous and

non-aqueous solvent

Organic solvents

Water, aqueous and

non-aqueous solvent

Water, aqueous and

non-aqueous solvent

Water, aqueous and

non-aqueous solvent

Water, aqueous and

non-aqueous solvent

Temperature

cold method (4—
15°C)

Room
temperature or
under heat (35—

70 °C)

Atmospheric

pressure

60-100 °C

65-100 °C

50-200 °C

40-120 °C

20-80 °C

20-50 °C

Pressure

Atmospheric

pressure

1-2h

Atmospheric

pressure

Atmospheric

pressure

50-300 psi

Atmospheric

pressure

Atmospheric

pressure

1.32-1.64 bar or

atmospheric

Time

Consumed

2-24 h

65-70 °C

15 min-2

6-24 h

5-20 min

30 s-20

min

10-60 min

5 min—48
h

[r7)78]

[791180]

[81][82][83]

[84]85]

[86][87](88]

[20][91]

[92][93][94]

References

ential of

'w of the
nd

yotential

ov, F.;
liracle

tourage

F., Eds.;

.9394,
istanol

rate
1756.

zed
oil in

haran
019; pp.

Je new
ator

and

mechanism of action in the treatment of cardiovascuiai uisease. 11 rharmacognosy; Academic

Press: Cambridge, MA, USA, 2017; pp. 315-336.
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_ Time ondary
Extraction Method Solvent Temperature Pressure References
Consumed
4 pressure lat, J.
ults of
- S Water, aqueous . o S0 il
nzyme-assiste mospheric min—
4 ) andnon-aqueous 33-67 °C [2511%8]
extraction pressure h
solvent
. RPN Supercritical Fluids .
upercritical flui
P _ such as S-CO;, S- 40-80 °C 35-70 MPa 10-60min B0t
extraction
H>O
4 )09, 41,
) ] Water, ethanol,
High hydrostatic N )
glycerol, silicon oil, | i . (99][100
4 pressu-re of & mixtlre of Below 45 °C 100-1000 MPa 3-15 min 101 ary fiber
extraction .
solvents srobiota.
5 Liquified petroleum hno-
LiaLid ( Room temperature t |
iquid gas as (propane, n- ura
E g gastp p- 35°C or low pressure 20 min [10}{202]
extraction butane), dimethyl

200-1000 kPa
ether

(@) ]

Deep eutectic
Natural deep

n

. solvents such as Atmospheric . (103j104}
eutectic solvent ] ] 25-105 °C 30-60 min 105
) reline, ethaline, pressure
extraction I .
cerine, etc. .
£ . Jdifferent
_ ) springer:

Cham, Germany, 2018; pp. 1-38.

54. Johar, N.; Ahmad, I.; Dufresne, A. Extraction, preparation and characterization of cellulose fibres
and nanocrystals from rice husk. Ind. Crops Prod. 2012, 37, 93-99.

4, Suttability of-theMethogls for the Extraction of\V/ariois 3oz,

Bioactive Comﬂounds _ . .
. Watkins, D.; Nuruddin, M.; Hosur, M.; Tcherbi-Narteh, A.; Jeelani, S. Extraction and

4.FheRrdtesdirysof lignin from different biomass resources. J. Mater. Res. Technol. 2015, 4, 26—

32.

rijous metho ave_.been adopted by scienti ts for the extraction of cargtenaids, This section discusses the
5\§a {%nar trl ﬁ/?lg \f\/llt ans, 21\% Ff_ n|r¥s andt elr derivatives Wlthob %ICIa effects on human healtn.
Ilteratur on tri dﬂﬁ)ﬁ afg ng% ility of these methods. Yaqoob et aI studied the extraction of carotenoids
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Sdorbhirigda ripe; Micloae (bR agpiat)/dta) Raiid, podl. Dietaryefioxe antfacids:, AuaEiewnd. S dwBhi. different
conbeahiatidn2 @1 EpKBNBF5626B0%, and 100% v/v). To perform reflux extraction, 1 g dried peel was extracted
o8 AL SR SHIRT R MBURER A TERART IR RATENS Htquart, F RouD A Hericattioge 12
mL each of ethano|, methanol. .an .aceigone, ar]d extraction was carried .out for 1 mdrllI SEE waF %er&)rmed Igt 4Q0
extraction and’characterization for applications in paper coatings and adhesives. Ind. Crops Prod.
barﬁf£3fo§1v§tpogg%_glow rate of 3 mL/min) along with co-solvents (23% v/v acetone, ethanol, and methanol).
The highest recovery of carotenoids (5.17 mg/100 g sample) was observed in SFE while the lowest (0.98 mg/100
69 BRNEKIMd G rEiRRSEIAbA DORGHY the LBRRAICacMaeank the TRgNESH &0 RBSSH CardRABIES indB-
carOBE/ IRMaRIeBEIONBY St diat Whe 2PE3t bfbofeds and their carotenoids from dried seabuckthorn pomace

645IMC T2 166 1R OUresian, 400Zna §9RCIevHBS RSB NeIXIRRIINY, SALIPSEIyPOR BEFeRHiRRS With
99. B} RHH {ruitieiRgl THHLREFRUEIAMEE ZhNIR BRI e0L HRIRPBLEER YK MRS URE BIUBIOP R Ryged "C:
an%p@q&g 29%5”2‘%,@@1 firs gondiinn and 37.5 °C and 36.5 Mpa for 105 min for the second condition.

The extraction yields obtained under both conditions were 67.6 g/kg d.w. and 63.6 g/kg d.w., respectively. The total
OBl hoR Gore 51 Tir BRI a2 20RNS g HASnd inHnk-s SRR 1 WMO96R: 73 il 195
ordids BMNG: M@ 8, REPSAR GG RIS (& IRRungh upan Mealth A W 8 %uitn
4 m‘t’ cﬁ%ﬁﬁ]@gvgiér oil at a sample-to-solvent ratio of 0.0004 g/mL and the extraction was carried out in an Ultrasonic
63leraetdllB-SASIPNMArthhida) RiuzKeW, A2 Ktharouel ACNRr Bamiehe. tatal Wardtepedy rrgteng obtained was
140% trag? 8806 | tyd of. sab it X lainenam et thie 8 | eiculiad Weightvehivrdacton ob paieteasihgiexetsidrom red
fruiphajgejé’iargj_aﬂw@gma[c@gis_ PR ughg5Ba@ation. The solvents used were 50 mL each of 99.5% ethanol,
99% acetone, and distilled water. Each solvent was separately mixed with 5 g of sample and kept at room
64. Kellow, N.J.; Walker, K.Z. Authorised EU health claim for arabinoxylan: In Foods, Nutrients and
temperature for 24 h in the dark, After 24 h, the sample was filtered, and optical density was measured
ood Ingredients with Authorised EU Health Claims; Sadler, M.J., Ed.; Woodhead Publishing:
spectrophotometrically at different Wavelengths for each solvent. The distilled water extract had an absorption peak

Cambridge, UK, 2018; pp. 201-21 _ _
of 266 nm, which was less than the visible range. Ethanolic extract gave an absorption peak at 481 nm. Acetone

E5RBut e, A MbsdFptioressinasulre NmI@ipshgrarablestgsing srporesciica bealtiissopgedtieteangais:
exteRINPAAtE S@isifowige aheroereals 38Y. e VakeelvedioBiphak8 1oerd2shsdivetOat 360 and 430 nm.

66 RIS AR B8YE 2D SHRTRBAN AR AL AR KV AR BRfHAL: FRISSIRRGRI AL AR AN 344 nm. Acetone
extw&tb%e%? 88@8'58&8“ g%%rg%ﬁﬁad(gégé&gado%ia GIP&M)?M and 561 nm. Since the fluorescence

spectra of acetone extract exhibited emission and excitation peaks in the visible range, acetone was found to be

6feHZMRD forthe CRALHRMRPRIHIS s, ¢ N2 agkop Uy faidaCRILC SHL R RHRR R BETIRB BRI 5-
carlREfECRHIORAUBIRNAARILS Sep driediPIaGKERIiARIRES MMkt & ING Es TORRER Ht@aRia
mm?ée&?aééﬁ?’z&%) and ultrasound-assisted liquid—liquid microextraction (UA-LLE) from juices of watermelon,

%ﬁ%@'ﬁlé@ﬁtﬁ@e%@rﬁ%YK.TP%ﬂWBﬁW@?ﬁMQWQH?ﬁ&H%WEoﬂ‘mﬂ(ﬁ?@o‘@h@ﬁffﬁﬁl @@%WGWS
SUGVa‘rlﬁ)@@t@lﬁ‘ﬁﬁ@tt@érﬂ@ﬁ@]%tﬁﬁ%@ﬂ@twlaagé?ﬁﬁ@ﬂﬁftﬁﬁsI‘?ﬁﬁ%ﬁ@rbf@c@nlﬂﬁo%yfam ﬁf&s@?%ﬁé‘?}?dic
solyept (Ffer: ICUHICRhaRS. BixeS &ite@P 1g. pbagrmonium hydroxide (NH3H,O) and vortexed for 30 s. The

6IécoLpetr;e aknr?[ [.;;(-(r:]arotene content of ;[<he éxﬁract wasS me?f_sqred usirlmg HPLCi The extraction e;}fi?ienﬁy %btaiTed.}(vas
0o I-KNOrsl, o.; ouqa, K.; emat, S. icient sglvent selectign approach for hi olubilit
96%?or ﬂij-carotene anc? 905/)08for E/co ene wm]?n 8 mE o? extracﬁon, w %e ﬁqu%g—ll_qglg mﬂ:roextract%n LLEE) togk

of a tiVﬁ(:ph tochemicals; Application for the xtractio% of an antimalarial cor’gpound from
30 min for the complete extraction using acetone, methanol, and petroleum ether and had an extraction efficiency

of %ggb%/lor.]ad)ﬁ)rlggc}ghégs%iggg tﬁll_rll—f usr}r?gr;n m%{ﬂ%ngp}]igd Sdn4g%%&%%§9éﬁiciency of 80-97% after 15 min of
TéxtiéiniorS Bepp\bjasek@salverRolad higlan extrdiac efftidaisyinaapdiedasaitar kelakhtsIrVarstainechl. (1111

stufie oy detrdcribanteal ddenian fram dtichdanchdsctilyiga A caltieon iRHevess G gitntinid geinlyIREE) $he yeast
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bio@@3F wap.r2g®:pRned in a citrate phosphate Mcllvaine buffer of pH 7.0 to a final concentration of about 108
AT X2 SR VB2 NS e ARSI U AP BRI il Thi
e Ao B4 R i Cation ot Bioactive Kompounds Hom Plant Extiacte Blane ey 2"
tvvo6c025itions, i.e., 24 h at 20 °C and pH of 7.0 and 24 h at 25 °C and pH of 8.0. The yield of carotenoids was 240

po/g d.w. and 375 pg/g d.w., respectively, at either incubation condition.
72. Banu, K.S.; Cathrine, L. General techniques involved in phytochemical analysis. Int. J. Adv. Res.

4.2 Rolyphietiols 2, 25-32.

Balteamanutd SRR NABELLSAASS oNS IR 6 Rl R AR MO T AL Re 2900 L) dust
TAQrhve extragt©A\ 0. Qbys alf sunPlavligs BlixSinith RO|diffdaretivARdadinesshtatla SamgmioSolk@ntaeitielas1:20
mLindicznt tixeextrOfimizationief midder &onieatraeicnnre saterpah telaeddsn BovabAeli skfethioeiplate.
To ROPer a@, tb7 Sep@@tion of extract from solvent, 4 mL of water was added and centrifuged at 4000 rpm for 15
min. The use of L-proline (Pro%—g\lycerin (Glyb—water (H,O) NADE solvent at a mixture ratio of 1:2:1 with a water
75. Okoduwa, S.I.R.; Umar, 1.A; James, D.B.; Inuwa, H.M.; Habila, J.D. Evaluation of extraction
content of 5.68% extracted out the highest polyphenols compared to other NADE solvents. The yield of
protocols for anti-diabetic }ohytochemlca substances from medicinal plants. World J. Diabetes
polﬁhfgm?s %%%71.43 mg GAE/g when 1 g of sample was extracted using 28 g Pro-Gly-H,O solvent. Popovic et
al. studied the green extraction of polyphenols from sour cherry (Prunus cerasus L.) pomace using NADES. To
T8arfoiGnN eXaavildn, 300 dankowisszB-dnle\diakl8idiad mZadunidh G. ibiiées cQptimization of: 1 M choline
chipl¥pbacylsseBAactiomisnneteoreh Arehribgd/adgBDRS RIS B-a% SR R aiee b vigLe 5600Tor 45
miriena. sty d4d1siB5bd48m. The obtained extract had 3238.32 pg/g of total phenols, 2442.93 pg/g of total

PSRRI RSP e eogid K 377 ShHRSY S PSRl B b aspptmized
UAE it SBRiBSFRSIRD S ABXIBEIRERRJPBr ERIRRES ST, (U8 %A a 90.5% ethanol.

It was found in the study that extraction using a solvent-to-sample ratio of 35 mL/g at 70 °C and amplitude of 85%

8Br 5ifin Yve helhigheBaRM TORLGR £ Hd RELFAIANRR RRIRP S JR5 5 UAGHRY i BN QL RERASs 3:04

g/kéﬁi" IH&@EB%@Q\Q]geﬁkogﬁQU@zsét al. 1131 studied EAE of non-extractable bioactive polyphenol from sweet

THEEHRBIFEL MY BB UZROFECT:; THEUEISY N SHAM VR FRABVIIMIAS Yray BTI8AS A4BE6 UstleBsERIIe,
at difigesnivpitesHibieMrsipaeckiide ahH aRdI8ne GencertraienBidmed. Rde) fat. Y880 uing The
optgpged senrditions were a pH of 10, a temperature of 70 °C, an enzyme concentration of 2 pL/g, and an
extraction time of 18.4 min. The recovery of polyphenols at the optimized conditions was 1.1 mg GAE/g sample.

. Khajehei,.E,; Ni ri, M.; Seidl D M.: Merkt, N.; Cl in, W.; Graeff-Hoenninger, S.
8lgwanga§f‘ a?lfl—ﬁ]’ Stlﬂ%lke%ut % BEF éxst%ctllon%anerﬂUtin hndeheg’perldlcr% ﬁglg%ﬂe(y\élt%saﬁwsh/uogee é ggr tr%s, 30

mpact of ohmic-assisted decoction on bioactive components extracted from n (Smallanthus
go#th% sample Wascl;mmerseddln gisgle water and was treate ata5th\?puIse generatoe/ggﬂzélu@e Hrequency,

and S e S R e B T B G Y S B D e G O U MGG i 1 7% &
SitedBduhtog 1 Y(Fs, Zhartg, Vidils Thisdaperidin ZhdmgridiG. WeEIBED MGHN0 J iy €76. Ag/Vdeig HithelRirthle,
respABIHMS. taetfatingzanaly S5 o qshgred|its MAEIEB olis nophlizititio xicddhns et thaty of ehdraloticosnttasisted
extiaptihmobantyaxyanandris ras#d ausingndiifeeeniem gitutids) AoBchbberiechwat. R022 i theesti@pthat the
R O AN RT3 SR B P A I el S e o gt acid an
SIueRe halaranRS, o N 37 o Rl S5 BIsRal e SR RCa B P 9o A IR R A B
gly%?gh%%{ﬁ%,@,léii'%_mg/g DW) and tartaric acid: glycine (4:1) (3.03 mg/g). The anthocyanin content of
extracts based on NADES was significantly higher than ethanol (1.16 mg/g DW), except for NADESs prepared
BRihgr tarMBasid: KRjeRe M A (Boteigy BuvYVeaRsa & Bt Biaxtryidd\WheComRatakelcRts SsUsizehrins
frori OVt A I ¢flay L Bt apliaRiRe tRas ah the SRiaUminaHios AbREHHEIN OGN AL 3Gy maceration,
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UARplyte trafiiosoidiptese dixggrsiers(MSRD)LE dsiSpM SizA &l 26 2008 186 bRHGRAree extraction methods.

ti tracti f ing diff t sqlvents, . t t | thyl tat djff t

2 R R R i P B A M R aMRe: R, Oar D R A& e KABR e F A B eS Sletora

olumes, i.e., 5, 7, 9,.and 11 mL, at different extraction times, i.e., 0.5, 1,.2, and 3 h, at the stirrer rotational ed
VOILEeY a8 a?t’erhatlve na{tural coa'gulant%r po'?en I|aFa|o'|cﬁ|t:a’u0n in'water Preatmenf! Rreview. 3. XV,

of 2F98V.3 %I &%Sa%i(}(,) %?19,]0_\5 was carried out using 5 mL acetone at 50 °C for 60 min at 1200 W and 35

kHz. In MSPD, the sample was mixed with 0.50 g of florisil and 0.40 g of Na,SO,, after which florisil was activated

82 MehammAdAzEd Wi MikdxMRUAMARE L 1(NAE A redied i Bolvents MUt aftoa A bne AHalshy
acath® gl Pracessing @R Sy ading trehoelegias:. RePa Bl &R the QiR 4Rar3Re HiRABst extraction

SHIBRIMET RYTSHILANESCORRINREIBE A FON R ERES IRy aryDtiaine, (& 0V Al ARafftRp)- Sharma
et ghetho bR iR dparitGHRERE RBRF BRI BiBicscaRNesmiRIGRagS CRpPiARSId. and

tangipsfpm gigd gyits; gf figus racemosa. The optimized conditions for the extraction were sample to water ratio
of 1:15, pH of 3.5, microwave power of 360.55 W, and extraction time of 30 s. These extraction conditions resulted
BA-MUSIRIR AN ok SV g0 TP hCorbieSH 389 L ABA MY ¥ YRR LT CASRIRIRAES FR'Br tannic
aci&ag&gg yﬁ%r/(fgbj % MO(I:%FO%%%%Q%ZC’M],JB&@& 95&7’?&& ‘mL of quercetin. Oroian et al. 129 evaluated the
S ivitapicathciencK afitaamorls Rildgmsi@reers|afravesssienpPlerK@discad Somrmlysis ifeirsvenatediceava
Cofilztyh érpetantiantsing stptenio peljerariieCoriipeivsoR®0tieé eolteactmnpidfigienayxefl ukithsbiiteadb30%
metindo\ead exsEittad@stication eutchpresSuriZeahiglife daratione JorCHrdnetiogihe 2808¢tihod, total
pher®B-dnthtotal flavonoids was 366.1 mg GAE/100 g and 592.2 mg QE/g of the sample, respectively. De Queiroz
et al. 121 0£timized_ the MAE for the extraction of phenols and . tannins from the dried stem bark of
89. Suhitha, S.; Devi, S.K.; Gunasekaran, K.; Carehome Pakyntein, H.; Bhattacharjee, A.;
Stryphnodendron adstringens, The extraction was carried out by adding 0.075 g of sample’in 1 mL of water and
‘’elmurugan, D. Phytochemical analyses and activity of herbal medicinal plants of North-East
heatlrgg it at 106-134 °C for 0.48-2.12 min. These conditions, extracted out 15.91-18.69% tannins and 16.36—
India for anti-diabetic, anti-cancer and anti-tuberculosis and their doc 1 studies. Curr. Top. Med.
22.1C2% phenols frc]>_n51 tgti séuéjled sample. In a study conducted by Azman et al.

em. 2015, 15, :
bound phenolics from'dried black currant (Ribes nigrum L.) skins, it was found that acetic buffer solvent resulted in

9Be Yauridt flee SpamdidyaiinP 1 Binghmgy1 blitegspee dyassistathaxitatian2ebaitdroso §pybeaphénblid.cottnt
(37berRgi EAI| g Gin@ OERH inbibiticPbastivity (60.7%) compared to other solvents, i.e., water, methanol and

A VKM TBFRRNR) 2 BReTal eSS £l REHinASKL ARG ERSOMP S U MR ERANRNIAS AT Pk

ethanol pS e LS SRR R (R GIBRS P TR MRIRAINF P JIfEh SRS OB from vaguplis et al. &
opt'grga?getg.e &@(}Eﬁ(fg%wyoégwict}\’/%?gmpounds from noni fruits using high hydrostatic pressure. This study was
carried out in two parts. In the first part, the effect of each extraction parameter (ethanol concentration, pressure,

IandRBNRAION! M) Wars KRN i Riivid MRS 1R RIF DB RV EAp ot dS RUSE e MM - ARl CHEIVRE),
and i tlE@BedMd 0RIBeMombROPRAR Dt BleAlhLHBRA ARRI RN RN SEshRIE THIGHLEIRk 14 BPYRhctive
corﬂ%ﬁﬂﬂ@éq@fr{&"tﬁg%%%Iﬁ%mﬂenobggﬁwg?@gwem@%ﬂl&qwﬁﬁj?&zgiogéwé%%pounds, i.e., scopoletin

982144Rrk AliZerIBOZIFS0), ENANIKRYS2[3%P); Waladow &ttt itsh WF*&)G[‘S@W@@@W&W@I@‘ é@l%hé%?tham'

conefiaRiih Gt SRV iTis s Rifaciosiae ARy iraRsacaAP TR BYR RAARIHS OC REAHRIRy TI9eefihg 2029 N&\DISS

was studied by Shikov et al. [123] The highest concentration of total phenyletanes and phenylpropanoids (26.10
94. artlnezbJ M.: Schottroff, F.; Haas, K.; Fauster, T.; Sajfrtova, M.; Alvarez, |.; E{eaﬁgﬁ J.; Jaﬁtlger, H.

on the extraction of free and

mgg was obtained using NADES Preparéd using L-lactic 'aci J fructose, ‘and water’in’t os 5:1:IF mL/mol
V%Iuatlon of puls Iectrlc ields techno ogy far the improvement of subsequent carotenoid
when the particle size of Rhodiola rosea L. rhizome Was in between 0.5-1 mm and the extraction was carried out

for ?éar%:iﬁoiyt fzr? mCdarl}]e elitrr]gcqi%%oml)%lﬁb%tlo '%&eﬁ‘%bg%‘éﬁ é% ha?%%zecr)fb?r%g’d %Egl%%‘léhloride—based UAE

95APBAtilaratiRiNb] Pragakosampeighds fronh ympetepyulowi; Mvitanooasdd) ; akdkasiareD eisirésults with
tho§zooivainkdrfad rausdoe magtmenaliesestet e Thiadtighe sif trosgrenylde@eas (R @aarinDy/pHieinalis layonoids
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(4. Tiowgnditén yr amewaepsbacte tofdriglbApaSecteraiteel @xingatsoimepthBaote? @Rttokd, 3vPdater in the ratios
o e LreaNe AR e T EIRR R BB e R M SRR 2% 198! RSIRL BT o
B oIS RA oFoSrJRIE ARl RELY! 3Pl RS SF ST pgorgys for the extaction of
Crambe seed oil has been reported to have higher phytosterol and tocopherol values compared to the Soxhlet
ShedbangarichbiKinged W-aFhesayuticd BUSBHeNd SKRRIUHIEBHIYEhRYIREIONRIRILH Agmnt) PRER,
walfRYIEWRIRUEER} LrNdsndikeBrlsdzRed Rsindpehndd. 2Q2hotitda 248m7R oleifera) leaves using different

OB IGEINIMRIIA ke BRSFRUERY HEFRAE AN BeMG MPEN ST MATRIALST A ASthPRBIRES iatiireated with
10 b HstePFEANIELTAS BRABRIRIRr FRINGS! FRUSUYereRtRLIRIIEF TESHHBIB Y fo RISy SYHAr for 2 h. For
deqerlffo M ch PSRRI YRS TS AGHIRMEV 1O L P AC dRRLer iR SREPPIAR RAUSITh R NeBRdn &Rdy/en

at %‘ﬁfo&& i the AJAE was carried out at 25 °C in a sonicated water bath for 60 min using a sample-to-solvent
(deionized water) ratio of 1:50. For MAE, deionized water at a sample-to-solvent ratio of 1:50 was used at 550 W
R TG By KMigRer M BrRALE Rohee Tas B DR EHP RAEN BRI S R RESS UAE, and
ma S LRSI M SATLLE SATRHBAFLOM UL IS, iy OOV AR 1 213854 OCReA 2840028 8
100AMoreird, 1 S -1 SHa SCATs e E otidited S, BanagemoteBedavalval hall, amdiRiatadosvVeng fieiesef
leayighrésmidisteltic)pvessvice et i Eibextiactsd i pgirienciivitiens tecistiindrgisopapesifioynufsvsieneium

L. mnyama@araem:asaﬁmmnwmm&)sm UAE. Maceration was carried out using ethanol and water

solutions containing 30%, 50%, 70%, and 96% ethanol. The particle sizes of the powder used for extraction were
101. Scepankova, H.; Martins, M.; Estevinho, L.; Delgadillo, I.; Saraiva, J.A. Enhancement of
0.3, 0.7, and 1.5 mm, and to perform the extraction, solid-to-solvent ratjos of 1:10, 1:20, and,1:30 were used for the
bioactivity of natural extracts bg)(/)non-thermal high hydrostatic pressure extraction. Plant Foods

extraction times of 5, 15, 30, 60 and 90 min. In HAE, solvent concentrations and sample-to-solvent ratios were the
Hum. Nut. 2018, 73, 253-267. ) ) o )
same as that of maceration; however, the extraction was carried out at 80 °C for 5, 15, and 30 min in an incubator

10chaRieriMUBE. sdledetips, AckdRd-ssvativeitia, dafiiclE Sige0ahdextitlonztiestare sifitaCaralb® of HAE.
ThSOEERkida. Rad-tpuadieoug as Bxigho 804 Aawirnat @ o HoevendyaryvieddenRanolds J6pWith a 20 kHz
corRgreinekishiad 3ok faresliwaries. ol .18 UpeYr dialvistsr20a6 tatdibHtAollé2extracted using maceration, HAE,

1 GVENBVHE RS e AR08 ERINP ARt o 0t 4 Blr B RSB RIS, sl ptdiap 2
S GRS S L R BRGNS Al RTEEA S RIS TR KTAREP REF AR S B ROt I AL BIDLR R A"
SF%&%&[ﬁmé%&ﬁﬁO&gﬁp?ﬁa?t&bq%Rwoﬁ’péfefgz%RL Pinerolo, Italy) equipped with a 1 L extraction

vessel, and the extraction was carried out for 13 min at a pressure of 80 bar, a temperature of 40 °C, and a CO,

10t Mulifots kG M BEhor WHSEH - Ui oNARENE IR NAEES ARFMAUHIRCUS SOIEREMNADPER) S5y@IRRRI yield
in tﬁgl\!ﬁﬂé%tfgﬁ %@%9@8%&%5@ UNPTGQ@E(tr%EﬂSn %‘Pﬂaﬁl’oﬂoqgr?’mggﬂgg‘?brown algae using NADES is
105 PPRdab OltyelBRYR SARbT ). TiRIHdY MERGRER IRILITDYRR Bl ATReCUSNMARBS ey endEhc70%)
basggl\asn es10ling [Geiptisieovitheadded detiiey, Ne's Saistaind Ceiaine BAY. maitaQd tees-a67472% vield of

phlorotannins. Sharif and Bennet [129 comlelared maceration and reflux methods for the extraction of polyphenols

10f€r36rx?%%cz)g_, leIé a%%%arwal, P.; Babbar, N. Extraction and screening of klpnow (Citrus reticulata L,

er rhizomes using various sg}vents_, viz. ethanol, me&thanol, and acetone. For maceratl?)n, 10

g oD D T s o o Bl el A A YL RICLGIN: 3% Sxiragtion, a 2.5
10sandibales @xtraciad itic A0 ML, Slcoleat, 30.FC Bardtm@E. MheDetahiptasg ol cbntdbanoataifed Gimstamiing| for
the Oh&ce@itonedGefigu ekiraStameias M63CO2 2fhenatical §tdExteapticivaf.dle ore s fobatSese, the
totadb poktiode iyipidiwas &1 & vidérttegat AHVanoaddoatiactivel peafiegaod gebadddr fiefiok @xatityiohntibiédands
usiip Aibtidhol G&las 148 mg/100 g GAE for maceration and 95 mg/100 g GAE for reflux. This shows the lower

extraction efficiency of reflux extraction compared to maceration.
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108.DRbytosSteriobs L.E.; Esparza-Estrada, J.; Vanegas-Mahecha, P. Ultrasound-assisted extraction

of total carotenoids from mandarin epicarp and application as natural colorant in bakery products.
De progdaéc%%eﬂquztfelg@oimgggmal pre-treatment on the enzyme (protease)-assisted aqueous

extraction and yield of phytosterols from sunflower (Helianthus annuus L.) seeds. The thermal pre-treatment was

1085l HHAARY: i SaingUBRY A whidle KESHMRaRdiea' Wi by BSIR A QLMRCH HON58"57 1 4%

Ex R B YRS N ST URE, Mo R T L B S SO S BT i P MR DI P EMEI OB o e
MA%Q%OatZIZ%' °C for 60 min. A commercial enzymatic preparation, i.e., Alcalase® 2.4 L FG was used as a source
119 drptéqseZénry@. Theuexhctivarfgr Noth theunkiyuite-ligatedraict oekeateticaabakedven eaitbcbeigdor 3 h at
40 nedwtedf @Geepdeitagtie sohgentsifion dé&tmitalios tofaByieldoté e andyuphenmethidivpsides: PBoothe
totaA pild Mbthytis 2019 N he2diV 2xPat@dd without thermal treatment was 149.41 mg/100 g oil, and the major
phytosterols were campesteral (15.80 mg/100 A?R stigmasterol (21.46 m(_?/loo g?, y-sitosterol (12,07 mg/100 gz, and
111."Martinez, J.M.; Delso, C.; Angulo, J.; Alvarez, |.; Raso, J. Pulsed electric field-assisted extraction
[-sitosterol (100.07 mg/100 g). The yleld of total phytosterols from the thermally pre-treated samjlj_les was 133.66

of carotenoids from fresh biomass of Rhodotorula glutinis. Innov. Food Sci. Emerg. Technol. 2018,
mg/1004(_12.il_'h22n%ajor phytosterols obtained were campesterol (15.99 mg/100 g), stigmasterol (18.88 mg/100 g), y-

sitoéslt7e’rol (8.72 m'g/lOO g), and B-sitosterol (90.08 mg/100 g). Hien and Minh 21l compared UAE and enzyme-
112ssRaadidy Bs; Mrkesjiéxidacileslisr, Di; dkiakis,dseroRoii6mMuiiddapaliseidn; BIUQAHIA. pSBNOS sSeds. The
extlRbiewlsR&xic Ganshg\aiiad deep B utectic SohprnidbNIRS hexisaate T peave Py RRENSd
temypelgka b eevioxidaahagtvisabed d N reen(hbidavsnsehmy Awadsgextacts MeHeeulese2dddidin?dr, 3.9

U/ndi5@8s used along with the above parameters. The oil extraction yield was 95.46% in UAE, while 91.87% was

112 PR RMESRAY RAERS RCIP ko Bk PR BRISER SONCE, MR ABYTES KON, B YA Fed ) and
2320, HORCIT iy Bh GRS S 15008 S RHBPH 5118 i et a8 e e Rlieetig o gL extraction.
Wi R A SRR R 2GR AR SR S Rl 4IRS B XIS ARSI b b TN 262! 366, extracted

phyi%?é%rgfl from sludge palm oil (also known as palm acid oil) and empty fruit bunch (Elaeis guineensis) residual
oil. In this study, a 5 g sample was extracted at 90 °C for 1 h with 50 mL of ethanol at the sample-to-solvent ratio of
1144 5r9Rlchutnlty MO PnSdefdRSANnR- Ql¥pe Rl a6 oY A AR LIHE & SHRAN N GHIHAIOR
unBEBISHREIEMAGIRLTO RGOS LRYAY HHM AR FUCKI I6RVES MUk RICDHA CRALSRT EAHP AR the
phﬂ&@t%ﬁ@ﬂtﬁnggﬁ%i%&om%rgﬁéeﬁ.lﬁgﬂian Asl et al. (133 compared Soxhlet and SFE extraction of
11@%@‘@'@GW%Q%@@?WWSMLWFﬁﬁ%ﬁ'?MXE@ﬁmél%ﬁs%@d exkrEiA b Bipaamrenpas0
ML thanabd] @Sd?ﬁl@@\%@?ﬁﬁt §W@e@fchéﬁ)ﬁ'(ﬂi*{ﬁﬁ€|@ é@/ﬁﬁﬂrﬁt})r%lﬁ‘fﬁcépm 8Bnémfopdan., 3B was
carfeggifor 1 h with CO, and co-solvent ethanol having flow rates of 5 mL/min and 0.5 mL/min, respectively.
This extraction was carried out at different pressures ranging from 100-400 bar. The highest yield (87%) of

LiSyovands W ostidd i on M enaciona 4o CEPLRY & I Ber i a002Rs g%&%tg%ﬁ“y}’gﬁs F106)

was S S, P SN S ) e X G X R S G Nl U Rk F3R8
Sctl). Biotechnaql. %0?1, 30,217-226. . _ . . .
(Theobroma cacao% shell waste. The extraction was carried out using a 100 g sample with 300 mL, 99% ethanol in
11he datépigie zoReB usiosf 03 MaoEnegnd, 76 SCortiandn ATHd ltoas exnde Adsisited vatractibhaskd on the
oneMathaeytzantitse {SIRYTINGIpredddeeo thetsicixtes pestsands 3% 6. inogrpad atoarastEdible Films.
Molecules 2021, 26, 984.

4.4. Saponins o N g . o
118. GrdiSa, M.; Varga, F.; NinCevic, T.; PtiCek, B.; Dabi¢, D.; BioSi¢, M. The extraction efficiency of

Li dhaceationqiddmaihMSRRadoIRe i deiiri RUnVa s pmsDabnstiRn iy ethratio MIHS -carried
out GPASREE-SGh 2N4t8OWRR GitRfht ethanolic concentrations (50, 60, 70, 80, and 90%), time durations (10,
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1180, Shanmagrid. BO; Hiniampey afuetsa 4 & .56 ate 3ar, dAb s diCipvang ass kisdne xatacti@n 1f, 15, 20, and 25
g/muhytachsmmdatefrent 1Ieus0@ caonpga0 Cand. ROsSWG reeh ribusiairnfGheacti@®2Q,32,100024hd 5). The

. . 0 . . 0
12 R Sk T S A AR LSt SRS A SL BPARHES S hai S heNb S fons criide™ e
at 40(?I W %\nr%im' °C {orzﬁﬁzénig. éEjzet al. 138 studied the EAE of saponins from powdered Acanthopanax

pollen. oxidants
senticosus. The extraction was carried out at different enzyme concentrations (1000, 5000, and 9000 U/g), time

123y rdfoRUEIE0Z5) - End 43S A tRsn e Murddiaverde oMo 8§ BadlgoeR: e Al es @.l6.Bind 6.6). The
highdigremareoladiatip sl Hie apid eyipsirpof wiyahardandan agstrinaans (BahatnéPhith 6963
USRS sRyustatishicalelann giNRk BradafRest 2914 i 6 3nfrRBaperature of 53.7 °C for 60 min.

12620hGings, S Batiegen - {oilRIaction ophalous  RiRagHEs SRR SRARING. ERSIQLRTSiffe rifogracilin,
PsegdppsRirdigndine EdBREISIPIICPAGHIR HRAITR Erse rHizPBa L aseUE N HPRSEIC20260 141 09anas

Dioscoreae Nipponicae Rhizoma (DNR), using NADES. A mixture containing ChCl and malonic acid in a molar
123 S0Py G 3 d50Fm g wiMisdd SR AN SS(_) Nekha.d - ErbialEshing =& %r,"’fhrétso‘b?%aal Qbaction
condTSHELARER FHteGHpELRAR gk BR aXHRCTioR o RASVIRIANsR A0 BREIHIBTOPENSIIS Y. a water
con%%?g*cgﬂn/%?%% tlﬂtrg/ls%hq(c: léléansdl |8r219 b? 350(} é\?ghd 40 kHz. The recovery yield of four steroidal saponins was
12ktotecl OB BT EQ NWkdssanpareClacgiaRiprd gt @i @ineid he. Axtraet Singisted MdihpPavetatef &sal
sapsolventliareredsstnined hqsidresadiation d%.8amie seed witodrasilipe . Fluittgg 2B0pst8 op@tatiioscin,
and_3.66 mg/g was_pseudoprotogracillin, Ramli et al. 138 stydied the MAE of saponins from dried furcraea
125. Castro-Lopez, C.; Ventura-Sobrevilla, J.M.; Gonzalez-Hernandez, M.D.; Rojas, R.; Ascacio-
(Furcraea selloa var. marginata) leaves using water, ethyl acetate, and ethanol. The extraction was carried out
Valdeés, J.A.; Aguilar, C.N.: Martinez-Avila, G.C.G. Impact of extraction techniques on antioxidant
using a 3 g sample in 200 mL solvent at a ratio_qf 1:24, frequency of 2.45 GHz, and power of 1000 W at 90 °C for 9

ca_llpautles and phytochemical composition of polyphenol-rich extracts. Food Chem. 2017, 237

miniléls %_x]t_rézilgtion ?/ieYds obtained from aqueous, ethyl acetate, and ethanolic extract were 5.77%, 8.07%, and
6.67%, respectively. The saponin contents in the samples extracted using water, ethyl acetate, and ethanol were

126 0dovanavjo. duss gRardenico vahs gt & tMespéiemiakusic, D.S.; Savikin, K.P.; Godevac, D.M.;
Bugarski, B.M. Optimization of the extraction process of polyphenols from Thymus serpyllum L.
4.5 deapneneidsration, heat- and ultrasound-assisted techniques. Sep. Purif. Technol. 2017, 179,

369-380.
Lanjekar and Rathod 22 optimized the extraction of glycyrrhizic acid from Glycyrrhiza glabra (Liquorice root)

1200 MR SoiNaGliBRad chdneigaticatiivig BxEaeiogeQl- BRI Neitdr YR WRPEHEES) (EHE!: malic
aci Aifeyaneiugy @LRIPEESS YALRPIRSIRNLIKINEYFSar eHReTStitchlHIdeid 1) 1R0iR3RreARural deep
128 tesuetiieskaya IFS X Beifts a\vhlimNEe PoYaRIrakiaga DONUIEIRSURNMEONT: Shitkuss Naqtad a0 mL
NADRS pnEter et SHivaifes £ ARar e ADfRTERRH NG PHIS IoPEHIa NG JiaBIoWHYSRfha! $9194rfa@. for
10 pieard pratyeedssinm3Pp@y The highest glycyrrhizic acid yield was 43.65 mg/g of the sample using ChCl:

succinic acid as solvent. The yield of glycyrrhizic acid was 42.82 mg/g using ChCI: lactic acid as solvent, 23.25

129. Sharif, M.F; Bennett, M.T._Th f differen h n lvents on n of
n%g g u%iln(; ChCl: dgxtrc%[tta’, 14.37 mglgeugi%tgocrg(lil'egI?cérrcr)],e%O%d?s and SgrYgeChSC? cimg aec?%r,aSCé.l% nc%g/g using
e

: / :
Chgﬁ"X%'i?? g.gllg iQn i%%%ro(%ig i%%lrngﬁ(i: iEﬁllg?@ﬁé ac!énq'lhéz %%‘?éc%%hé‘rogf_g?fﬁyrrhizic acid from liquorice roots
130sicke MDD hBs SisR bdensie@ortvessoshikaler Stelddhatae NielBa Bilygy@hixgsasianre NADEsh taisddgon
sucsostlameaoiicframd ¢hzynmatiit@Guedastiexdeat@n) usinmycpuditensideidzymeadaciitasas Aceitesr20dgher
(38780 e#tf). than its yield in water (<30 mg/g). Rodrigues et al. 141 extracted triterpenoids from dried leaves of
LATHRACHEARRRINT, BN SRS B SHRChEn SR e e RS SRS asdh
or Gt ) fcPama Y SRS SRR FSGRP QU ARoLRB LS S5 prsp fuch a 99:5% ethanol, oo
hexane, 99% ethyl acetate, and 99% dichloromethane were used. In this study, 3 g of sample was used with 180
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1321 Jalaent fF6 Bxtractioa ahd-pusfieatta), of phydosiesd{SaBixtuye) feonh PalnetfattycacatediEibate. %) were
useP&sAdo)vesingroTidiistatjene xteach sanpsiecess s dbd@itdhkrexResiod 02N By 9Ba 142scale Speed Helix
133 5aSFIaN RSP BONIBSHRANG, W VaRy A 3 Exfidcion SF bRy IS RIS to Lo pIaTRTs g raction

ield obtaine s 11.58% using ethanol lvent. The highest triterpenoid yield obtained 8201 mg/kg, of
v rapesc'ae difwaste bg/usdp rentcal Eo2 \p/)?us co-solven :H\'cdpmpa'rl Onwith conventioral solvent

extract using ethyl acet sol d 6259 mg/kg of extract using ethanol as a solvent. From SFE, the
extraction. ellyonaéeoﬁa,a& eﬁ%’gg"ﬂ‘_ gr9 g

highest yield was 1.76% using CO, as solvent. The highest triterpenoid yield obtained was 4719 mg/kg of extract
13dsihgrabimeiNaiol Madumeish MaS: iiverisinei@ y MISEI WSS rAGRIS B & rdEactpR 013 SiFRRIRILED SAFAR
crdfebmastesl QRufe@nheSSirMatar eficiefe) %329 #8A24R& flower heads of Dalmatian pyrethrum
1380 fopfury RGBTl Te WA oy Bt U5 RaRR 2oz HARg ARG BRiTIx/sofislignase JisResgiaRdMSPD)- A
sanpleisien 8kPation bitoter S dp itk DS ERalAtATISHeAS SMBTBAYSE SHRTUAtSYRSpRTAGEREIENg
diff@ieat SeReHatich; arfiaRfe BRISMAOE G C6EIA%Y MFRBRIOMOIBNES Des SDevRI 2Tthdl Bhpat digerent

extigstigpBmes, i.e., 0.5, 1, 2, and 3 h at stirrer rotational speeds of 200, 300, 400, and 500 rpm. UAE was carried
out using 5 mL acetone at 50 °C for 60 min at 1200 W and 35 kHz. In MSPD, the sample was mixed with 0.50 g of
1385 st a R AWy S i sds;, FHorSit K80 . Qal¥ang 750 40aNg: (K FOAME RRiRied MUaROMIS on. 1t was
thefHEARHT Wk QR AV QRIS I S NP RANA, SSBHS QR US AN Sy CBrclmE NI ARy iRy dAnLe
extl%rc?gr? rlp(\:'/‘vsdsFl)‘E)%%SSiﬁ%ﬁezgt%%y ?héltngg ‘highest extraction efficiency of pyrethrin was obtained in maceration
13P.62&h)g faoWe Sony SPMN (0GR @Y. QABWE#Y0)..; Zheng, Y.G.; Zhang, D.; Guo, L. Natural deep

eutectic solvents for the extraction of bioactive steroidal saponins from Dioscoreae nipponicae

4.6, Polysacsharides and Digtagy Fiber

138oitpenhl. M4l stitist phSS FR Wiblyfadchd olay ifrdin diiealalR\ERk§pbimbzatan-ehsap Fyniextaeistion,
a 209 RgMplerpuapRRSSIStesLpsitaGiaRFadtisdsialnia dinpestisiteiovredagrPomasey SC-CO, and
15%ajdadiEluéatenaoipy latiemytAspaickty zo|thriiemmeSinstatntne kenpeRhae® 0288963, landB37B5C, pressures of

1585 AP ARIAI S R B AR GSAZR TR BB IR SRR HAEAR0R Bl 15
M A RERAEHAE" S LSRN (8P SHRL AR YRR ERABRSSLTS PRiRBed BIDRARH cossep3 the

ext@ﬁg%tbconditions of 42 MPa, 63°C, and 99 min. Garcia et al. 143l studied pressurized liquid extraction of total

dietary fiber from dried pomegranate (Punica granatum L.) peel and fruit. For the extraction, 3.75 g of powdered

140, RkRYs M Neu K QY Vi AL M exBItRikAYEs MiftedfdliNHE: fre¥suVV e Ryuid-Eerd&6R KRS 00
psi kdr ZA SRR HY ot etk LiraBOFNAUSKAYZ P bhg BE SRURARE HSidRaseth NAS AN PEGRId of
3095 WECUBRAMERGHNE DK UAG U B RERTH T oM R RAS L4 Glvay SR Aaha a2 B LRI ARy
fibe'#%mﬂ'dﬁ@@ey&lj%ﬁm&% %g%ogﬂag %noides L.) pomace powder. Samples were pretreated by mixing

14RO My LBt 82K aidaavramPIor MR bR, 2R, DIVACNE Rt FatEéT BRAIEP-VEIIRS &iterpermsit
Wagrefi iﬁ@ﬁétalﬂ@ﬁlﬁﬁiﬁilélaﬁ@ﬂf'@ér@égﬁéﬁdﬂmﬂﬂﬁd\@iﬁ@@ﬂovﬁ’p#§@é§§é§@gﬂ§@ 13myn diameter

disruptor horn. The extraction was_carried out at different sonication temperatures (60, 70, and 80 °C), powers
L4606 0% arit 150 W Al Sk i Enara - B L s P ot L D R N RN deitrituged at
6008 T 1 18 T e TR I S S S S t Y F Rt Tiaer the
con%iltpoﬁ%ogf ?L\?/:SSWFgRg I73(|)O§("‘fl'fc2)ro %%’rér‘r\%’ 1R(’)|\1/6:1L55 ?é't al. 1451 optimized the SFE of dietary fiber from dried
143orfearaiatd (Panacdegatarben,) ppkbZTanedanthenasd. chepdadindng 20 g howribetts & pke ngsida, aCLO0
mL ditaieleez sikteRatovianyitf Boagtver@ernppumis fnamiifemegrarsate(Rundiiogsanatum hrédteel (250,
274)smpPodss) izegdrquie @X1EEtionl. F5out)s 20ind (2, 2)3nd 4 h). Dietary fiber was estimated using the
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14dcothossadnluBle SsatneandinpBHEte Righatorigattionfiobsebtdivektivasnip@EnN gt b\ abtineizatiquieainder the
extiatraporticeassis wd 8 R0 ackics00 baofabeddietany ditre tsivauses poalsESUsfaive et DB gytr&aiod of
celld@2a nhBpdri33als from cotton sheets obtained from the paper industry. The extraction was carried out using a
145 HEERFRCP LA ATNHE e R G2 B A815:H CBRAGI ) 3% MRE S AL AR e
sucf a%t.%e"RO&%ﬁ%?.%eﬁéﬁaans&.es o B AR ARE RSPl Bt S B R e
15 e B PRI A LTS S AR AT VRO P00 e o
watf4§nffli%glérate was centrifuged at 10,000 rpm for 15 min. The highest yield of cellulose nanocrystals (35. 5%)
with a crystallmlty index of 80% was obtained at 95 °C for 6 h with a 2% cellulose concentration. Gan et al. [147]

146 HEVHE ckiraBES of sIRIM@Sialy PBRIGAGR A -HlaNAIRLARIY 5 HESB) SIHEGHRRIVESIH I RG GIRVe—
enZRIHOSRARAEAAN HKNEWMIR ARRIM HyBrRGIeHES RBRI 0AST) CRIP ATV Hrad0de tatment

(MLJ-ﬂ-)Ymowave treatment was carried out using a 3 g sample in each of eight polyfluoroalkoxy tubes that were

14%eqtegusinoL g RisER Ve Bragke PR RYOY: aPAER, ¢ i 40 mingordSEd R MitiYRyGeraaigdaynple was
mixggivAtibh MR HIERIAJBRNESHESU B BrrutaipaPaRPHANCTBRLR e tidy GP BB dietur§itiaesd
at %&rB%%fMi%&P?W ,M&)mrpyezﬁtrfetﬁdlw%was mixed with 240 mg cellulase (3000 U/qg) at

a pH of 4.5 and 1% heat stable a-amylase at pH 5, then incubate_d in a water bath for 30 min at 90 °C. When the

14t%m%Qr%tll(PeRrggc %%I’ g/(l) %b%e'mﬂuvrpa%”mgmtmgé" g’ts o, an'g‘tBaogg}o p%Bgllﬁb\?vlzisDac}é%g 91]_;1 rl%gu %pe%naF tth

temrBeer”%ur%SfbrF Elben‘??r‘l”ﬁ%tr' ‘Rxl'lﬂf d'%ta%f.'cbr‘c%&?a%o{“e&?%“é%r%% ek%vtgs(qggé‘&'%f%%hﬁ‘%{ o?)J%EUﬁ“dKF‘ngbo
ar ] . 16

Frtrevrerrany e/ (ﬁ@l@' ‘il?ﬁ%d&}ﬂ@ﬁe@qu&m ﬂ]%ﬁlc?%% g/100 g samples, respectively. Cheikh Rouhou et

al. (1481 compared different solvents for the extraction of dietary fiber from ground cactus (Opuntia ficus indica)
rackets. Water and ethanol were used as a solvent in maceration extraction and lemon juice as a solvent in steam
extraction. For maceration using water, hot water was used for extraction at the sample-to-solvent ratio of 1:30 at
100 °C for 30 min and 1 h. For maceration using ethanol, 80% ethanol was used at the sample-to-solvent ratio of
1:10 for 30 min and 1 h at room temperature. For steam extraction using lemon juice, a sample-to-solvent ratio of
1:30 at 220 °C and 2 bar pressure at pH 2 were used for 30 min and 1 h. The highest fiber content (86.66%) was
obtained in lemon juice steam extraction followed by maceration with water (85.81%) and ethanol (84.88%) after 1
h of extraction.
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