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Figure S-1: Major citrus producing countries in the world [1-3].
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- S and oranges from middle cast amive in middle east during 4%-5% Century BC,

to Europe in 12% Century. - r oranges, lime and pumelo in 10% century AD
sweet oranges and mandarins in 1400-1800.
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Tangerine was introduced in USA in
1493 by Columbus. First planted in
Florida state in 1565 and in
California state in 1796.

Citrus industnialization in USA
began in 1821.

'Ciuuswamvduoed mBalna.
Brazil in l$49byPomamo.
‘Washington navel oranges
originated here and discovered in
1810-1820.

‘ C. medica :'“'"' C. hystrix
B- Sour Orange (C. aurentium) Li- Lime (C. aurentifolia) ~ W- C. x Sinensis (Washington naval orange)  yoummms ~ . ..~ oosaas
C- Citron (C. medica) L- Lemon (C. limon) S- Pumelo (C. maxima) - C. indica - C. micrantha
G- Grapefruit (C. x paradisi) M- Mandarin (C. reticulata)  U- Yuzu (C. sudachi) : C. reticulata 0000 C x paradisi
K- Kumquats (Fortunellasp.) O- Orange (C. sinensis) ks



Wild mandarin
(China)

C. crenatifolia
(Heen naran, Sri Lanka)

C. aurentifolia
(South East Asia)

(Australian finger lime)

Poncirustrifoliata  Fortunellajaponica (s . ; ' ; : MICrocarpa
(China, Korea, Japan) (China, Korea, Japan) Shiranuhi (Japan) (Papua New Guinea) C. sinensis (China) (Philipines)



B- Sour Orange (C. aurentium)




@ 5 Orange (C. sinensis)

Figure S-2: (a). Origin and spread of citrus fruits across the globe from Himalayan foot hills in India and Southeast re
gions of China [4,5]; (b): The native citrus fruits, and (c and d): cultivated and hybrid varieties. Photographs are collect
ed from and labelled according to the information available at Sogwipo Citrus Museum, Jeju, South Korea
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Grapefruit A hybrid originating from the cross between two varieties Sweet orange (C. sinensis), and Pomelo or Shaddock (C. maxima)
Citrus x paradisi ~ Main Varieties: Oro Blanco, Ruby Red, Pink, Rio Star, Thompson. White Marsh, Flame, Star Ruby, Duncan, Pumelo HB

A hybrid between Pomelo (Citrus maxima) and Mandarin (Citrus reticulata)

Main varieties: The group is subdivided into four distinct classes, viz.,, Common oranges, Blood or Pigmented oranges, Navel oranges,
and Acidless oranges; Mandarin orange (Citrus reticulata) is considered to be original species of citrus.

Bitter orange (Citrus aurantium), Bergamot orange (Citrus bergamia Risso), Trifoliate orange (Poncirus trifoliata)

Valencia orange, Hamlin, Blood oranges, Washington or Califomnia Navel, Rhode Red, Marrs, Byeonggyul (Jeju, Korea), Cherry
orange, Malta, Mosambi, Narinja, Cara cara oranges (red navel)

. Oranges
Citrus x sinensis

——— Lemons A hybrid between Bitter orange (sour orange) and Citron
Citrus limon Main varieties: Bonnie Brae lemon, Eureka lemon, Femminello St. Teresa', or 'Sorrento, Yen Ben, Flat lemon, Meyer lemon,
Ponderosa lemon, Rough lemon, Sweet lemons, Volkamer lemon, Lumia (pear lemon), Limetta, Palestinian sweet lime, Jaffa
lemon
Lime Hybrid from a variety of citrus species, e.g., Citron (Citrus medica), Mandarin orange (Citrus reticulata), Pomelo (Citrus maxima)

Citrus aurantifolia ~ With many other lime varieties including Micrantha (Citrus micrantha)
Main varieties: Kaffir lime, Persian lime, Kaffir lime, Desert lime, Rangpur lime, Limequat , Sweet lime, Blood lime, Australian lime,
Australian finger lime, Australian desert lime, Sweet lime

~——— Pomelo It is a natural and non-hybrid citrus fruit
Citrus maxima Main varieties (names): Dangyuja, Banpeiyu, Jabong, Jambola, Shaddock
or Citrus grandis
Yuzu A possible cross between mandarin and papeda or a cross between lime and citron
Citrus junos Main Varieties (names): Yuzu (Japan) Yuza (Korea), Xiangchéng (China), Shishi yuzu or Lion yuzu, Hana yuzu, Yuko (sweet yuzu)

Figure 5-3: (a) Cross between the native varieties and evolution of hybrid variants in citrus, and (b) list of main citrus varieties
cultivated globally [4,6]



Table S-1: General description and principle of different methods and techniques used in the extraction of valuable compounds

from citrus

Method Principle
Conventional solvent extraction

Limitations:
e Longer extraction time, requirement of costly and high purity solvent,
e Evaporation of the huge amount of solvent, low extraction selectivity
e Thermal decomposition of thermolabile compounds

Soxhlet Extraction » For extracting valuable bioactive compounds from various natural
sources.

» A small amount of dry sample is placed in a thimble, thimble is then
placed in distillation flask which contains the solvent of particular
interest; After reaching to an overflow level, the solution of the thimble-
holder is aspirated by a siphon; Siphon unloads the solution back into the
distillation flask.

» The solution carries extracted solutes into the bulk liquid.

» Solute remained in the distillation flask and solvent passes back to the
solid bed of plant.

» The process runs repeatedly until the extraction is complete

Maceration » Grinding of plant materials into small particle to increase the surface area
for proper mixing with solvent.
» In the process, appropriate solvent (menstruum) is added in a closed
vessel.

Working condition Ref.
Water as solvent, [7],
temperature 100° C; [8]

duration 6 -10 h

At room temperature; [7]
solvent — methanol,

ethanol, water; duration
10-24 h



» The liquid is strained off but the marc which is the solid residue of this
extraction process is pressed to recover large amount of occluded
solutions.

» The obtained strained and the press out liquid are mixed and separated
from impurities by filtration.

» Occasional shaking in maceration facilitates extraction by increase
diffusion, and removes concentrated solution from the sample surface to
menstruum for more extraction yield.

Hydrodistillation > For extraction of bioactive compounds and essential oils from plants. Only water used as [9],
(HD) > Performed before dehydration of plant materials. solvent, 90 — 100° C; [10]
> 3 types of HD- water distillation, water and steam distillation and direct ~Organic solvents are not
steam distillation involved

» The plant materials are packed in a still compartment; water is added in
sufficient amount and then brought to boil. OR, direct steam is injected
into the plant sample.

» Hot water and steam act as the main influential factors to free bioactive
compounds of plant tissue.

» Indirect cooling by water condenses the vapor mixture of water and oil.
Condensed mixture flows from condenser to a separator, where oil and
bioactive compounds separate automatically from the water

» HD involves 3 physicochemical processes; Hydro-diffusion, hydrolysis
and decomposition by heat.

» Limited for thermolabile compound extraction.

Non-conventional extraction techniques



Ultrasound- > Waves pass through a medium by creating compression and expansion; Sound wave in range of  [11],

assisted extraction produces cavitation, which means production, growth and collapse of 20 kHz to 100 MHz; [12],
(UAE) bubbles. Working temperature [13]
> A large amount of energy can produce from the conversion of kinetic 5000 K;
energy of motion into heating the contents of the bubble at high pressure 1000 atm;
temperature heating and cooling rate
> The extraction mechanism involves two main types of physical abovel010 K/s.

phenomena, (a) the diffusion across the cell wall and (b) rinsing the
contents of cell after breaking the walls

Pulsed-electric > Suspension of a living cell in electric field, an electric potential passes Electric field -500 and [14],

field extraction through the membrane of that cell; based on the dipole nature of 1000 V/cm; for 104-102s [15],

(PEF) membrane molecules, electric potential separates molecules according to ~ very less increase in [16]
their charge in the cell membrane. temperature

> After exceeding a critical value of approximatelyl V of transmembrane
potential, repulsion occurs between the charge carrying molecules that
form pores in weak areas of the membrane and causes drastic increase of

permeability
Enzyme-assisted > For compounds retained in the polysaccharide-lignin network by Enzymes used for [17,18
extraction (EAE) hydrogen or hydrophobic bonding extraction: cellulase, a- ] [19-
> The addition of specific enzymes like cellulase, a-amylase, and pectinase = amylase, and pectinase,  25]
during extraction enhances recovery by breaking the cell wall and at room temperature

hydrolyzing the structural polysaccharides and lipid bodies
» two approaches for enzyme-assisted extraction: (1) enzyme-assisted
aqueous extraction (EAAE) and (2) enzyme-assisted cold pressing (EACP)
» EAAE methods for the extraction of oils from various seeds



Microwave
assisted extraction

Pressurized liquid
extraction
/pressurized fluid
extraction /
accelerated fluid
extraction (ASE)/
enhanced solvent

> In EACP technique, enzymes is used to hydrolyze the seed cell wall,

» enzyme composition and concentration, moisture content of plant
materials, particle size of plant materials, solid to water ratio, and
hydrolysis time are key factors for extraction

> eco-friendly technology for extraction of bioactive compounds and oil as
water used as solvent

» The principle of heating is based upon its direct impacts on polar Microwaves frequency
materials; Electromagnetic energy is converted to heat following ionic range
conduction and dipole rotation mechanisms; During ionic conduction 300 MHz to 300 GHz.
mechanism heat is generated because of the resistance of medium to flow
ion.

» Due to ionic conduction and movement heat is generated

> The extraction involve three sequential steps; first, separation of solutes
from active sites of sample matrix under increased temperature and
pressure; second, diffusion of solvent across sample matrix; third, release
of solutes from sample matrix to solvent.

» Advantages: quicker heating for the extraction of bioactive substances
from plant materials

» Application of high pressure to remain solvent liquid beyond their Ethanol and  water
normal boiling point. High pressure facilitates the extraction process. (70:30) at 50-150 °C;
» The higher extraction temperature can promote higher analyte solubility =~ water at 50-130 °C
by increasing both solubility and mass transfer rate and, also decrease the
viscosity and surface tension of solvents, thus improving extraction rate
> decrease time consumption and solvent use; preferred for extraction of
polar compounds

[26,27

[28-
31]



extraction (ESE)/
and high pressure
solvent extraction
(HSPE)

Supercritical Fluid
Extraction (SFE)

Sub Critical water
(SCW) extraction

Microwave Steam
Distillation or
microwave

‘dry’ distillation

> Supercritical fluid possesses gas-like properties of diffusion, viscosity,
and surface tension, and liquid-like density and solvation power, suitable
for extracting compounds in a short time with higher yields

> The system consists of a tank of mobile phase, CO2, a pump to pressurize
the gas, co-solvent vessel and pump, an oven containing extraction vessel,
a controller to maintain the high pressure inside the system and a
trapping vessel.

> SCW have high density, high reactivity, and good solubility for a series of
organic compounds and high catalytic activity.

» Citrus fruit with distilled water placed in a vessel which can withstand
the pressure, after tightly closing, the vessel was placed in an extractor,
the extraction performed in SCW at given temperature range and
pressure.

> After achieving desired conditions, the vessel immediately and taken out
from the oven and cooled to room temperature.

» Then the extracts centrifuged and the supernatants stored at 4°C.

» Used to obtain essential oils from aromatic herbs

> Involves placing fresh vegetable material in a microwave reactor. The
internal heating of the in situ water within the plant material distends it
and makes the glands and oleiferous receptacles burst.

COz2 (31 °C); pressure
100 and 450 bar

Hot water; temperature
range 100 and 374°C
under high pressure to
maintain its liquid state
(critical point of water,
22.4MPa and 374°C)

Microwave irradiation
power: 135W- 445W;
time 5-10 min

[32-
36]

137,38

[39,40



(MSD)

Cold Pressing

Simultaneous
saccharification
and fermentation

(SSF)

Supercritical CO2
(SC-COr)
extraction

> This process thus frees essential oil, which is entrained by the in situ
water of the plant material by azeotropic distillation.

» The vapor then passes through a condenser outside the microwave cavity,
where it condensed.

> The distillate is collected continuously in a receiving flask.

> The epidermis and oil glands lacerated with a needle, creating areas Low pressure, room [39,41
of compression in the peel surrounded by areas of lower pressure, temperature, water used |
across which the oil flows to the exterior. as solvent

> The oil was carried down to a decantation vessel in a stream of
water, the emulsion collected and separated by centrifugation.

> The essential oil collected, dried over anhydrous sodium sulphate
and stored at 4 °C until used.

> The technique used for the production of ethanol from Citrus waste; Saccharomyces  cerevisiae [42]
» It combines enzymatic hydrolysis with fermentation in the same vessel at yeast and Escherichia coli

the same time. Bacteria; 10-12 rpm at
» Enzymes hydrolyze polysaccharides into sugars which immediately 37 °C.

consumed by yeast to produce ethanol.

» Hydrolysis rates increases by reducing product inhibition of enzymes
and reduces container usage by combining the saccharification and
fermentation into one tank.

» Widely used in the dry grind corn ethanol industry

» Ultrasonic techniques can enhance SC-CO:z extraction Ultrasonic power [43]
> Both extraction method applied together outputs
> Yield is more compare to individual process 0 to 400W; maximal



enhanced by resistant pressure

ultrasound 35MPa; temperature 55

°C
Microwave hydro- » Combination of microwave heating and gravity working at atmospheric =~ No solvent used; [44]
diffusion and pressure. The plant material is directly placed in a microwave reactor microwave power 500W
gravity without any added solvent or water; heating of thein situ water within for15 min
(MHG) the plant material distends the plant cells and rupture of the glands and

cell receptacles; heating frees molecules of interest together with in-situ
water, i.e., hydro-diffusion, allows the extract to diffuse outside the plant
material and

> Extract drop by earth gravity out of the microwave reactor through the
perforated Pyrex disc.
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Ultrasound-assisted Reduced Press
Boiling Extraction (URPE)

Pulsed Electric Field-assisted
Extraction (PFE)

Instant Controlled Pressure
Drop Technique (ICPD)
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Figure S5-4. Schematic representation of different extraction techniques



Table S-2: Estimation and analysis of the products obtained from extraction

Type of activity

Total Phenolics by
Folin-Ciocalteu
spectrophotometric
method

Antioxidant activity

Ferric Reducing
Ability Assay
(FRAP)

2,2-azinobis-(3-
ethylbenzothiazolin
e-6-sulfonate)
(ABTS)Free Radical
Scavenging Assay

Reduction of
Molybdenum

Method of estimation

Diluted extract of orange, distilled water and Folin—Ciocalteau reagent (2 N)
added; after 5 min of incubation at room temperature, solution of Na:COs
(2% v/v) and distilled water added to the mixture and incubated for 90 min;

after incubation, absorbance measured at 750 nm.

FRAP reagent prepared as a mixture of 0.1 M acetate buffer (pH 3.6), 10 mM
of 2,4,6-tris(2-pyridyl)-s-triazine, and 20 mM ferric chloride (10:1:1, v/v/v).
For the assay, 1.9 mL of reagent added to 0.1 mL of extract. Absorbance at
593 nm, measured;6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
(Trolox) solution used to perform the calibration curves.

A decolorization assay; To oxidize the colorless ABTS to the blue-green
ABTS radical cation, ABTS (7 mM) mixed with potassium persulfate and
kept for 12-16 h at room temperature in the dark; for the analysis, the ABTS
solution diluted with ethanol; the diluted ABTS solution added to the extract
(diluted 5 times by 80 % methanol), the mixture stirred for 30 s and allowed
to stand for 15 min at room temperature, and then the absorbance reading
determined at 734 nm.

Total antioxidant capacity measurement based on the ability of potent
antioxidant to reduce molybdenum ions. The results are presented as ICso

Expressed in Units

mg of gallic acid
equivalents (GAE) per
100 g of weight of
orange peel.

Trolox equivalent
antioxidant capacity
(TEAC) milligrams per
gram of DW

Trolox equivalent
antioxidant capacity
(TEAC) milligrams per
gram of DW

1Cs0 values

Ref

[37,45,
46]

[46,47]

[47]

[48]



2,2-dephenyl-1-
picrylhydrazyl
(DPPH) Radical
Scavenging Activity

Reducing Power

Hydroxyl radical
assay

values that indicate the concentration of extracts that reduces the 50% of
molybdenum. Catechin used as standard probe.

After mixing the citrus extract with DPPH radical in ethanol for 10 min, the
absorbance of the sample measured at 517 nm. The Radical Scavenging
Activity expressed as percentage according to the following formula:

% RSA= (1 — sample OD/control OD)x100.

The Citrus extract, phosphate buffer (pH 6.6), and potassium ferricyanide
solution mixed and incubated at 50 °C for 20 min. A trichloroacetic acid
solution added to the mixture and centrifuged. The resulting supernatant
(1.0 ml) mixed with distilled water (1.0 ml) and a ferric chloride solution (0.1
ml), and then the absorbance measured at 700 nm.

Hydroxyl radicals obtained by the Fenton reaction and detected by spin
trapping in a system consisting of H20: (2 mM), FeClz (0.3 mM), DMF and
5,5-dimethyl-1-pyroline-Noxide, DMPO (112 mM) as control sample. The
influence of extract on the amounts of hydroxyl radicals trapped by DMPO
is studied by adding the DMF solution of the extract to the reaction system
in the concentration range of 0.05 — 2.0 mg/ml. ESR spectra recorded 2.5 min
after mixing on an ESR spectrometer.

The scavenging Activity of ® OH(SA.OH) value of the extract defined as:

SAe OH (%)=100 x (Ho — H~) / HO,

Where, Ho and H- are the height of the second peak in the ESR spectrum of
DMPO/eOH spin adduct of the samples without and with extract,
respectively.

Percentage utilization of [37]

DPPH radical

Reduced concentration [37]

of Fe¥* ions

Percentage

[49]



Thiobarbituric
Acid-Reactive
Substances (TBARS)

Peroxide value (PV)

Superoxide radical
scavenging power

Lipid oxidation of sample assessed by 2-thiobarbituric acid Method: An
aliquot of sample homogenized with Tricoloro acetic acid (5 %) and
butylated hydroxyanisole (BHA) (0.8 %) on an ultrasonic bath for 5 min and
then centrifuged for 5 min at 3000 rpm; the supernatant added to TBA
(0.8 %) and heated in water bath (70 °C) for 30 min for pink color
development. The tube cooled and then the absorbance measured at 532 nm.
TBARS calculated from a standard curve of malondialdehyde freshly
prepared by acidification of ,1,3,3-tetraetoxypropane in the range from 0.006
to 0.299 pug/ml.

The lipid samples dissolved in glacial acetic acid: chloroform (3/2 v/v), and
KI solution (14-g KI/10 mL distilled water) added; the mixture titrated
against 0.01 N sodium thiosulphate with the presence of starch as an
indicator. Peroxide value calculated as:

PV(meq. peroxide Oz/kg lipid)= (V — B x Nf/W) x 1000;

Where, V = amount of thiosulphate, B = spent thiosulphate for the blank, W =
weight of the sample (g), Nf = the normality for sodium thiosulphate.

Peel extract at different concentrations (25-400 mg/mL) added to 1 mL
Na:COs (5 %), 0.3 mL EDTA (0.5%), and 0.4 mL nitrobluetetrazolium (NBT).
The absorbance of the mixture measured immediately at 560 nm. The
reaction initiated by the addition of 0.4 mL hydroxlylamine hydrochloride
and incubated at 25 °C for 5 minutes; NBT reduction determined with a
spectrophotometer at 560 nm. A parallel control (without extract) and
standard ascorbic acid analyzed in a similar manner. The percent scavenging
activity calculated as follows:

Al
Percentage inhibition of superoxide radical = [1 - E] x 100

mg of malondialdehyde [49]
per kg of sample [50]

meq. peroxide Oz/kg [51]
lipid

Percentage inhibition of [52]
superoxide radical



Lipolytic Effects

Antifouling agent
by mussels

inhibitory effect test

Antimicrobial
Activity

Where, Al is the absorbance of extract sample and A0Qis the absorbance of
control.

Sample mixed with 900 pL of chloroform and 50 pL of olive oil in a tightly
screwed cap vessel. The control sample is prepared using chloroform instead
of peel oils or authentic compounds. 4-(4-Hydroxyphenyl)-2-butanone
(raspberry ketone) is employed as a standard compound to examine the
lipolytic effects; 20 mM 4-(4-hydroxyphenyl)-2-butanone in chloroform
added to the reaction mixture (final concentration of 1 mM); The mixture is
shaken and left to stand for 60 min at 37 °C in an incubator. After 60 min, the
sample subjected to GC analysis. The lipolytic effect is investigated by
evaluating the increase of peak area at the gas chromatogram.

The test is done on mussels (Mytilus edulis), a leading shellfish. The test is
performed to evaluate the adhesion inhibiting effect on the shellfish, which
cannot adhere to the surface in presence of the extract. The percentage
shrinkage of roots of shell mussels is recorded.

The paper disc diffusion method employed to determine the antimicrobial
activity of the essential oils. For the assays, cultures of the following
microorganisms are used: two Gram positive (S. aureus and S. epidermidis)
and two Gram-negative (Pseudomonas aeruginosa and E. coli) Bacteria, and
two yeasts (Saccharomyces cerevisiae and Candida albicans). Suspensions of the
tested microorganisms are spread onto solid media plates. Filter paper discs
are individually impregnated with 50 ml essential oil then lay onto the
surfaces of the inoculated plates. At the end of the incubation time (24 h at
37 °C for bacteria, 48 h at 25 °C for yeasts), positive antibacterial and

Percent of oleic acid

Percentage inhibitory

activity

Width (mm, including
the diameter of the disc)
of the zone of inhibition
after incubation

[53]

[54]

[39]



Total Flavonoids
Content

Ash content
determination

Equivalent weight
determination

Methoxyl content
determination

antifungal activities established by the presence of measurable zones of
inhibition.

An aliquot of diluted sample solution mixed with distilled water and 5 %
NaNO:2 solution. After 6 min, 10 % AICls solution added and allowed to
stand for few min, then 4 % NaOH solution added to the mixture.
Immediately, water is added to bring the final volume to 5 mL, and then the
mixture is thoroughly mixed and allowed to stand for another 15 min and
absorbance taken at 510 nm. Rutin is used as standard compound for the
quantification of total flavonoids.

1-2 g of the sample accurately weighed into a weighed empty crucible
separately. The crucible placed in a furnace and heated for 3—4 h at 600 °C to
burn off all the organic matter. The crucible is taken out of the furnace and

placed in a desiccator to cool and weighed.

Weight of ash
Ash content (%) = — x 100
weight of sample

Weighed pectin sample and transferred into a 250 mL conical flask and
ethanol, NaCl added to it. Later, distilled water and few drops of phenol red
indicator are added to the mixture. The solution slowly titrated (to avoid

possible deesterification) with 0.1 M NaOH to endpoint of pink color.

Eouivalent weight — weight of pectin sample % 1000
quivalent welght = =l of alkali X Normality of alkali

To the neutral solution titrated for equivalent weight, containing pectic
substances, 0.25 N NaOH is added and shaken thoroughly; allowed to stand

mg of rutin equiv. per
100 gram of fresh peel

Percent of ash

Equivalent to NaOH
molarity

Percentage of methoxyl
content

[55]

[56]

[56]

[56]



Moisture content
determination

Alkalinity assay
Anhydrounic acid

for 30 min at room temperature in a stoppered flask; after that 0.25 N HCl is
added. The contents are titrated with 0.1 N NaOH until pink color as end
point.

ml of alkali X normality of alkali x 3.1

Methoxyl content (%) = weight ofsample

A dried empty petri dish dried in an oven, cooled in a desiccator and
weighed. Five grams of the pectin samples transferred into the crucibles in
the oven and heated at 130 °C for 1 h. The petri dish cooled to room

temperature in a desiccator and weighed.

Wt. of the pectin sample after dryin
p P YIe 100

Moisture content (%) = WE of pectin sample

To determine the alkalinity of ash, the ash is dissolved in 25 mL of 0.1 N
HCI. The contents are heated and cooled to room temperature. This mixture
is titrated with 0.1 N NaOH using phenolphthalein indicator until end point

of orange color.
Volume of NaOH x 60 X 60

Wt.ofash x 1000

Alkalinity (%) as carbonate =

Anhydrounic acid
_ m.e.alkali for free acid x m.e. alkali for saponofication X m.e. titrable ash

Wt. of sample (mg)
where, m.e.= mili equivalent

Galacturonic acid (GA), sugars and ethanol contents

10 mL of sample centrifuged at 4000 rpm and 4 °C for 8 min, and the

supernatant filtered to determine sugars, GA, and ethanol. The sugars

Percentage of water
content

Percentage of carbonate

In percent

[56]

[56]

[57]



GA

Total sugars

Ethanol analysis

Degree of
esterification (DE)

(glucose, fructose, galactose, arabinose, sucrose, rhamnose, and xylose) and
galacturonic acid (GA) are analyzed by ionic chromatography. Ethanol is
quantified by injecting 0.8 L of filtered supernatant into a gas chromatograph
with FID detector. The ethanol standard curve was determined for

concentrations between 0.02 and 5% (v/v).

Galacturonic acid is determined by m-hydroxydiphenyl method. Samples
mixed thoroughly with 0.125 M sodium tetraborate solution (in concentrated
sulfuric acid) in an ice bath. The mixtures heated in a boiling bath for 5 min
and subsequently cooled in an ice bath; the mixtures added with 0.15% m-
hydroxydiphenyl (in 0.5 % NaOH) and mixed; A pink color develops during
5 min. After that, the absorbance recorded at 520 nm.

By phenol-sulfuric acid method: Samples mixed thoroughly with aqueous
solution of phenol of 5 %. Then concentrated sulfuric acid quickly
introduced into the reaction medium. After homogenization, the mixtures
heated in a boiling bath for 5 min, cooled in an ice bath and placed in the
dark for 30 min. An orange color appears. The absorbance recorded at 492
nm. A standard curve was obtained using glucose at 25, 50, 100 and 200 pg
mL-l.

Quantified in a gas chromatography

Pectin dissolved in ethanol, 1 g NaCl and some drops of phenolphthalein.
The solution is titrated with 0.1 N NaOH, V1; then NaOH was added in this
solution which stirred at room temperature for 30 minutes. After that, 0.25 N

Hg [58]

Microgram per milliliter [58]

Volume by volume [59,60]
Percentage [61]
[58]



Total dry matter

content

Para-anisidine
value (PAV)

d-Limonene
analysis

Pectin content

HCl is added and the solutions shaken until the pink color disappeared. The
solution is titrated again with 0.1 N NaOH, V2; DE value is calculated

according to the following formula below:

V2 x 100
% DE =1y

Citrus pulp pellets obtained after fermentation and filtration, used to
determine total dry matter by drying at 70 °C for 20 h, followed by drying in

a vacuum oven at 70 °C for 1 h.

The sample dissolved in n-hexane, and the absorbance of the mixture
measured at 350 nm (A1). Para-anisidine reagent (ImL) added to 5 mL of the
mixture and held in the dark for 10 min before absorbance reading (A2) at
350 nm. The result is calculated as

PAV=25 (1.2A2- A1)/m,

Where, m represents mass of sample oil.

Scott method: based on a bromination reaction with the double bonds of the
molecule. For most flavor and specialty chemical applications, d-limonene is
analyzed instrumentally by GC/MS.

Crude pectin added in 250 ml flask, then adding 0.1N NaOH and soaked for
7 hours, then added 1 N CHsCOOH and CaCl: after 5 minutes and kept it for
1 hour; the solution is boiled, filtered and dried; Calcium pectate is washed
with hot water until not having CI- ion in the solution, dried at 105°C. The
pure level of pectin is calculated according to the following formula below:

Weight

Gram !

ml

Percentage

[60]

[51]

[62]

[61]



_m X 092 x 100
B M
P (%): the pure level of pectin

m (g): weight of calcium pectate
M (g): weight of crude pectin
0.92: pectins have 92% in volume of calcium pectate



Carotenoids p- Cryptoxanthin, Lutein,
Zeaxanthin, Astaxanthin, Hydroxy-benzoic acid:
Lycopese Gallic acid, Ellagic acid
Ascorbic acid, Niacin, Riboflavin, Hydroxycinnamic acid:
' id. Ferubc acé
SRS | Synephrine |
.
Bitter ~ Limonin, Nomilin, Flavonoids
Ichangin, Obacunaic acid
| e [
Limonoids 1 SeocilnilhiA T ekt
ackde acid, etc
Polyphenols Coumarins | Bergaptol, Psoralen,
Umbelliferone
Reducing- Glucose, Fructose, Condensed tannins:
Polysaccharides Galactose Catechin polymers,
Non-reducing- Sucrose, Trehalose Tanoins | poicatechin polymers
Hydrolysable tannins:
Nitrogen containing Ammonia nitrogen, Amino Elsghunins, Gellotsmnins
compounds nitrogen, Nitrates
Ligoans :.“i’. °h"°'. A"m:."
Volatile flavoring Essential oils, Aroma oils, A
agents Stripper oils
Organo-sulfur Isothiocyanates, Indols
compounds Alylic sulfr compounds

Isoflavonoids

Figure S-5: Classification of major citrus phytochemicals extracted from different parts of citrus wastes



Citrus Peels

a
( ) (b) (C) Dried sample,
* Freeze Drying ) 80% meOH, Vortexing,
* Oven Drying : DngTdim °C Heating (90 °C, 3h),
* Sun Drying 2 Cooling, Centrifugation
* Undried
MeOH extract
5ml 1.2 M HCI
Powdered peels in 80% MeOH.
* Ultrasonic Assisted Extraction Vortexing
Dried peels (250-1000 mg) (25-60 KHz; 30-60 min; 40 °C; Heating ’
Solvents- EtOH-H,0; MeOH-H,0 °
+ 25 ml Aqueous MeOH (1:1) 1:10)
+ 25 ml of acidified MeOH with * Filtration; Addition of Basifying Total phenols
5 ml of 1.2 M HCl in H,O and agent Ca(OH),
20 ml of 1:1 aq. MeOH

* Vortexing; Filtration Crude Extract

J * Acidification with Chlorhydric acid;

Crude Extract - PH=T7.0

Precipitate
-18 °C, Storage . -
« Estimation Centrifugation
(Folin Ciocalteu Method) Pellet
J « DMSO: MeOH (2: 1,viv)
Polyphenols * Microfiltration (0.45 pm nylon membrane)

Filtrate (Total phenolic content)
+ Analysis and Estimation
(HPLC; Folin Ciocalteu Method)

Total phenols

Figure S-6: Steps involved in the different extraction method employed for total polyphenolic content from citrus peels [63-65]



Aglycones

0 OH

OH

OH
Naringenin
O OH
59 O O OH
HO Eriodictyol
O OH

o OH

MeO Isosakuranetin

Neohesperidose Glycosides
Flavanone glycosides —— o¥

| &

H
(o) @)

Neohesperidin

Rutinose Glycosides HO

OH OH

g 0/, A\ "OH
O'(Oj\/o" 0

Hesperidin Ho“‘(g\/oﬂ

OH

o}

HO
Seh

Polymethoxylated Flavones

Heptamethoxyflavone

Figure S-7: Molecular structures of major flavonoids: aglycones, glucosides, and polymethoxylated forms



Citrus peels (Flavedo)

()

Supercritical
CO, Extraction
80 % EtOH,

30 Mpa

80-160 °C;

CO, Flow rate
3.0 mVmin;

Solvent flow
rate 0.2 mlV/min

* Grindin 3
(particle size

170-450 um)

* 50 % MeOH/

DMSO (1:1 viv)

EXTRACT

* HPLC [LC-10 AD,

* Intertsil ODS-3 column]

Temperature 35 °C
Mobile phase

Solvent A- 0.1 % Acetic acid in

H,0

Solvent B-0.1 % Acetic acid

in acetonitrile (72/25 v/v)

Flavonoids
* Naringin, Hesperidin
* Phloretin, Tangeratin

(®)

* Freeze drying (7 days)
* Grinding
* Extraction solvents (v/v)
(1) EtOH: H,O (80:20)
(2) MeOH : H,O: HCI
(70:2:9.5:0.5)
(3) DMSO: MeOH
(50 : 50)
* Ultrasonic Assisted
Extraction:
35 °C for duration
0. 20 and 30 min
* Centrifugation,
« Filtration

Extract
* HPLC [Poroshell 120
column, 40 °C

* Mobile phase

Solvent A- 0.1 % v/v
Fomnic acid: H,O

Solvent B-80 % v/v
Acetonitrile: H,O

Three Flavanone Glycosides
(Hesperidin 7500-32000 pug/g DW)

(c)

* Drying

+ Soxhlet extraction
(MeOH-80%; 210 min)

« Filtration

v

Extract

* Solvent-solvent extraction
Crude extract : n-hexane
(1:0.5: 1:2.0: 1-2 h)

Flavonoids
(crude product)

* Purification

*Column Chromatography
* Silica Gel CC (200 um);
*MeOH

Flavonoids
(Quercetin, Rutin, Kaemferol)

(d) | » Lime treatment: soaking in lime
for 6-2 h; pH > 11
* Cleaning and mincing
(particle size= 0.5 um)

Soaking solution

|+ Pressing using a dual conical presser
|+ Filtration
Precipitate
* pH adjustment to 4.0 — 4.5 by adding HCI

* Incubation at 60-70 °C for 40-50 min
*Cooling and standing for 24-48 h

Hcsiicridin precipitate

e Separation by centrifugation
* Drying with hot aid at 70-80 °C

Crude Hesperidin (moisture < 3 %)

+ Refining

* 0.2 M isopropanol + 50% NaOH
* Filtration

+pHS.5

* Standing for 48 h

* Filtration and drying

Hesperidin crystals

* Recrystallization with 10
% formamide in water

¥
Purified Hesperidin crystals (90%)
(Light yellow colour)



(e)
Lime
V"
Coagulated material
along with pectin

Squeezing by
powerful press
¥

Exudaty

Filtration toa
glass lined tank,
pH= 6, HC1

Exudate
|
Acidified solution
Heating and
standing
over night
v
Chalcone
l
Hevsperidin solution
Crystallization,
filtration and drying

Hesperidin cake
(Flavonoids)

Citrus peel waste

) - ( ) |+ 1Kg peel Ethanol extraction
Ad_dm_on of water, g) « Extraction by hot water (h) | And filtration
| grinding (peel : Water- 1:4); 60 min Filt;;le
Citrus peel shury * Fltration | Condensation under
Maceration and | reduced pressure
. v
enzymatic treatment J i Brown paste
Liquefied citrus peel Residue Extract | Petroleun ether extraction
Centrifugation o Petmletin ether phase Resiue
\ er p
Liquid supernatant (peel : Water- 1:4); Condensation under n-Butanol extraction
| Decantation 60 min; Filtration reduced pressure L———‘
Combined Concentrated solution Resiaue Phase n-Butanol Phase
K) Upper ;;eb?s:ﬂcmde ' Extract |, Condensation
Final Residue « Adsorptionof " Siﬁc& °|°h“m‘= iz Concentrated phase
J (700-800 g) Naringin by petroleum-¢ i acetate elution
I;::‘lﬂ pha‘se Rcm Animal Feed PA 800 resin COﬂlpOUndS A,C,D Compound AP\c/)lyamide column,
components OCH ethanol gradient elution
Peel oil ! ey el | TLCTest
L Filtration Outgoing extract Adsorbed resin "o 4 v v
Permeate for pectin recovery * Desorption of 3 ¢ 7.8 374" Heptamethoxy flavone (A) Fraction I Fraction II
Naringin ! )
Debitterization EtOH (1.5L OCH : Polyamide column,
(Adsorption of bitter ) ) S, i PI oly:;m:de ‘comion LH-20 column
components) R % 5 o & ad'“f ethanol gradient elution
Naringin in EtOH 3 Compound B A
Naringin solution e Nw&oxy-&.c.?i':.mwmx) P 0 & S Compound E
g * Filtration OCH. 0
! Crystallization * Ultrafiltration 2% 3. 3.56.7.84"Pentamethoxy flavone
Naringin crystals 1 Saportion a4 2.

Naringin (93 % pure)

5,6,7,8,3" 4"-Heptamethoxy flavone
(Nobiletin)
0)

~0.0-CHy oH
% a O%Jﬁocu,
S '>l
H
)



Citrus rind (Flavedo)

I

(i) (]) (k) * Freeze drying; Grinding (m)‘
* Freeze drying * Microwave Assisted Extraction * 70 % EtOH | C. latifolia (Tahiti lime)
* Addition of * (i) Aq. EtOH (1-100 %); (1-6 g in 20 ml) C. sinensis (Sweet orange)
Diatomaceous Earth (12) | , conventional Extraction 2g in 20 ml; Agitation 0.5-48 h * Homogenization, § min C. reticulata (Tangerine)
Mixture of peel and (i) 70 % EtOH; 79 °C * (i) DMSO: MeOH (1:1 v/v) :
Diatom Earth (ii) 70 % MeOH; 65 °C 3 m‘to e
THtbeitical Walex ExERtton Dm(m)ﬁ;l: ; ;Va h::r, i Crude Extract solution v $
i P;mo;i‘f; ; za;m ;'ozr : o (20 g in 200 ml solvent) * Microwave Irradiation Fowmdemd pochy
) a oro Gl PR 5 « Microfiltration * 60- 180 °C; 2-12 min * Ultrasonic Assisted Extraction
Beating: 130:200,°C +  The extraction + Purification, Analysis and (Optimum temperature (25-60 KHz; 30-60 min; 40 °C;
Extfacuon time: 5-20 min processis ted Determination = 140°C; 8§ min) Solvents- EtOH-H,0; MeOH-H,0
(5 times) hg : HPLC-PDA . 1:10)
Filtratio two times + Cooling
¢ 7 ‘ Mobile phase: *Freezing; Microfilteration * Filtration; Addition of basifying
Aqueous extract Crude extract Solvent A = 40 % aq. MeOH +Precipitation at 5 °C, 24 h agent Ca(OH),
‘ : I ; Solvent B = 100 % MeOH )
[ Freeze drying | Freeze drying Flow —0.5 > y
v 4 W rate = 0.5 mmin Crude Extract
) MeOH (0.06 gin 10 ml) - — *  Acidification with Chlorhydric acid;
Microfiltration (0.45 um polyvinylidine filter) Crystallized Hesperidin | pH=7.0
J J 1 Precipitate
Immature C. unshiu Mature C. unshiu l ¢ Centrifugation

Purification, Analysis and Determination:
(1) HPLC: Mobile phase:
Solvent A: Acetic acid (0.6 %)

MAE  DMSO/MeOH

MAE DMSO/MeOH

Solvent B: MeOH; Flow rate- 0.4 ml/min Hesperidin  58.6+3.2 64305 19414 188£05
(2) LC-MS/MS : Mobile phase: Narirutin 13.1£0.6 141200 3.6%+03 3.6%£0.0
Distilled water containing SmM Ammonium Nobiletin 02200 0200 0.1£0.0 0.1£0.0
formate-Methanol-Acetic acid (29.4: 70:0.6 v/v/v)
Hesperidin (72+5 mg/g)
Narirutin (11.7+0.8 mg/g) (70 % EtOH) (70 % MeOH) (Hot water)
(99 % yield at 160 °C Hesperidin (37.3 mg/g) Hesperidin (22.4 mg/g) Hesperidin (2.1 mg/g)
for 10 min) Narirutin_ (9.9 mg/g) Narirutin_ (7.5 mg/g) Naritutin_ (3.1 m

Pellet
+  DMSO: MeOH (2: 1,Viv)
* Microfiltration (0.45 um nylon membrane)
Filtrate (Total phenolic content)

« Identification, analysis and estimation
(HPLC: Folin Ciocalteu Method)

* Orange: (Hesperidin, Neohesperidin
Diosmin, Nobiletin, Tangeretin)
* Tangerine: (Hesperidin, Neohesperidin)
* Lime: (Diosmin, Neohesperidin, Hesperidin
Nobiletin, Tangeretin, Isorhoifolin)

Figure S-8: Steps involved in the extraction and purification of flavonoids from citrus peels [64, 66-74]



Hydroxybenzoic acids Hydroxycinnamic acids

&) CH &) OH O OH G OH
G OH O OH

OH OH OH
OH OH OH OCH;
Protocatechuic acid ~ Gallic acid  Cinnamic acid OH OH OH
p-coumaric acid  Caffeic acid Ferulic acid

Figure 5-9: Molecular structures of phenolic acids found in citrus fruits



Citrus waste (Peel and Pulp)

| Washing, cleaning, blending, lyophilization (48 h),
| Sieving, storage at -20 °C

* Freeze drying (7 days)
. * Grinding
50 g sample, 50 g sample, : 2 g, Liquid N, » Extraction solvents (v/v)
50 ml acetonitrile 80% meOH, Vortexing. | Blending, 30 ml (1) EtOH: H,O (80:20)
4% acetic acid Heating (90°C,3h), | MeOH (80%). (2) MeOH : H,0: HCI
Homogenization, Cooling. Centrifugation | Boiling, Cooling (70:2: 9.5: 0.5)
‘ Centrifugation )0 extract MeOH extract 3) DM(SS((Z)).'I\;I;;)H
¥ ¥ S5ml 1.2 M HCI Filtration * Ultrasonic Assisted
Pellet Supe t in 80% MeOH, \ Extraction:
_ Vortexing, ! ‘ 35 °C for duration
Washing, Heating Residue v 0. 20 and 30 min
50 ml ac;eton.:u'ﬂe Washing, Filtrate . Centrifugation,
4% acetic acid v 40 ml (C;H,),0, Drying « Filtration
C 1 tio! 20452 D‘l)lﬂ
sirifgpsiod Tot! phedole (40 °C under vacuum)
A Dissolution in
| Supematant ] 4 ml DMF, Filtration
l | (0.45 um Gelman GHP) 1
Amh;,cy.mjns Free Phenolic acid Exiract
* HPLC [Poroshell 120
l column, 40 °C
. Hydrolysis * Mobile phase
?god'n‘:l'y;;?N o1 @) 200 ml IN HCI Solvent A- 0.1 % viv
S s o : | (1), pH=2, 100 °C Formic acid: H,O
s e Acid-hydrolysed extract Solvent B-80 % v/v
Alkali-hydrolysed extract ydroly : Acetonitrile: H,0
Acidification. 6 N HCL, pH=2 Solvent extraction
Solvent extraction (200 m! (C;Hy),0),
(200 ml (C;H;),0). o VRO IOn v
Drying in vacuum 40°C Residue Phenolic acids
Residue Dissolution 4 m! DMF
Dissolution 4 ml DMF Filtration (0.45 um
Filtration (0.45 pm Gelman GHP) . Gelman GHP)
MeOH soluble ester-bound MeOH soluble glycoside-bound
Phenolic acid Phenolic acid

Cold storage (-18 °C)

y Liquid N,: grinding; Sieving (1mm)
Finely powdered peels

80 % EtOH (2g: 16 ml)

* Washing and storing at -18 °C
Dipping in liquid N,
Grinding and sieving

20-80 °C; 3h X
® Powdered peel
Centrifugation; Filtration s e
Filtra * Enzyme (Celluzyme/
e Kleepase AFP 106L) treatment

L Concentration by evaporation
Concentrated Filtrate

Addition of crude filtrate
(extract); 10 ml portions

~— Waste residue

Ehate

Washing with 0.01 HCI
Eluting with acidified MeOH
(5 ml MeOH + 0.1 % v/v HCI)

K-* Sugars and Organic acid

¥

Phenolic acids

[2 g sample: 16 ml aq. Enzyme;
20-60 °C: 3 h]

* Centrifugation
* Filtration
Purification; C,; Sep-Pac cartridge;
Preconditioning with MeOH: 2 4
0.01 N HCl Fiee
(10 ml Abs. MeOH + * Concentration by evaporation
10 ml 0.01 N aq. HCI) (reduction in volume (10 ml to 1 ml)

* Redissolution in 10 ml H,O
* Storing in 4 °C

Dilu'tcd crude extract

Purification
* C,s Sep-Pak catridge
* Preconditioning by sequentially
passing 10 ml absolite MeOH
and 10 ml 0.01 N aq. HC1
* Loading of crude extract (10 ml )
* Washing with 6 ml 0.01 N HCI
* Eluting with § ml MeOH + 0.1 HCI
* Evaluation by Folin- Ciocalteu
assay
* Analysis by HPLC
* Sugars and

“————> organic acids

~
Phenolic acids

Figure S-10: Steps involved in the extraction of total phenols, anthocyanins and phenolic acids from citrus waste [47, 75-77]



(a) Limonoid aglycones

17-Dehydrolimonoate A-ring
O

Deacetylnomili

OH O

0
HOOC 0
HO 0

Isoobacunoic acid Methyl Isoobacunoate Deacetylnomilinic



(b) Limonoid Glucosides

Obacunone glucoside

AcO O-Glu

CcooH
O O
O 0

Nomilin glucoside

“ 0
AcO 0-Glu
CcooH
HOOC O
HO 0

70
O O-Glu 0-CGlu
COOH COOH
O
HO O

Ichangensin glucoside

Isoobacunoic acid glucoside

OH 0-Glu OH 0-Glu

COOH COOH
HOOC @) 0 ')
HO 0 O 0

Deacetylnomilinic acid glucoside

Deacetylnomilin glucoside

Figure S-11: Molecular structures of common citrus (a) limonoid aglycones and (b)
limonoid glucosides [78]



Citrus peels/ seeds

|

(a) Peel (b) Drying. pulverization
(Limonoid content-100-300 mg/Kg) Defatting with
[ ) ) Petroleum ether
Dichloromethane Acid-water, pH=4.0 Defatted seed powder
Ethyl acetate Reflux. 2h. 50 °C .
e e S | Extraction with EtOH
Solid-liquid phase Supercritical v Concentration
— CO, Extraction Concentrated extract
1 g 1ltrat10_n st Ultrasonic extraction, Purification
EpatADOt Dl A Separation of 50°C Cation exchange resin
Residue solvent Scparation of d W&Shing with water
-Butanol lvent : ; .
R AN Crude limonoid glucosides
Extraction y
Separation of solvent Synthetic adsorbents
- e . : * (non-ionic resin)
L k Limonoids , Eluant- 0-100 % Polar solvent
Crystallization Eluate
Extraction Prep HPLC
Column Chromatography Concentration and
High Performance Liquid Chromatography Crystallization

Limonin glucoside,
Iso-obacunoic acid glucoside,
Deacetyl nomilinic acid glucoside

Purified Limonin




© ‘ Allal . d) mm o (¢)| Extraction with () | petroleum ether (8)| solvent extraction
| UAE (800 W, 30 min) verization Petroleum ether, Acetone
b Defatting: Filtration Defatted seed powder |
Crude limonin | Petroleum ether Cru d‘é Ssnoidy Solvent extraction Crude limonoids
| Column chromatography ~ Defatted seed powder ‘ Acetone; I
d e ; 2 Crystallization
: : 2 Solvent extraction; Filtration aid y Drying Limoni
Centrifugation . Filtrate | -Solvent extraction Mother liquor
Low (5000 t/m, 5 min) Crude limonoids Besidie Chloroform q ;
MW Ultrafiltration (in concentrated syrup) ' S Partitioning
. | (Hollow fiber memb Acetons, =Washing H,0, CHC
proteins OW 11beT membrane Dilution, EtOH 95 % EtOH (5% Sodium bicarbonate) = :
v MW =10,000D) TIPS - d ;
. Dilution with water v | -Removal of solvent Chloroform extract
Filtrate Purification Limonoids mixture Residue Siiieasae
pH =4.1 Crystallization (Limonin and Nomilin) Lasaat
Chromatography (Methylene chloride, Fisctiomtion gz:gﬂizozﬁﬁghy column chromatography
(Amberlite XAD-16, resin  EtOH) ‘ |
3.0 x 40 c/ 70% EtOH) : . , ] CH,Cl, - | CH,Cl, -
Limonoids Mother liquor O “OH
10% acetone MeOH - AcOH ’ MeOH
] . . B CHCI
Eluat: (glc;llec‘ted analyte) Boiling with (Limonin and Nomilin) 0 vBenzene (©._ CHCl, 3 v '
; 4;'4 ‘};g"gf{ ST isopropyl aleohol Siskcorialactiol Bepmane ) e Acidic limonoids  Neytral limonoidy
o : | Filtration; Cooling) (Dissolution of Obacunone Ichangin S Diazomethane
Concentration by PRI .,.. Nomilin Chromatography
" evaporation Nomilin crystals from Limonin) Deacetylnomilin %
White ppt. o Siitoione Nomilinic acid
Centrifugation Recrystallization (Dissolintionof Obiacimone Deacetylnomilinic acid
Dichloromethane/ MeOH | from Nomilin) Isoobacunoic acid
Isopropanol (1:3.V/%)  Nomilin needles Obacunone Methylisoobacunoic acid
Crystallization, 4 °C, 2h Recrystallization
Limonin crystals Acetone
, Ethyl acetate

Obacunone

Citrus seeds

; Limonoid aglycons |




(h)

Solvent extraction

MeOH Extract

Fractionation;

5% MeOH in H,O

Glucoside mixture

Drying, pulverization

(Hexane, Acetone, MeOH)

Amberlite XAD-2 column

65% MeOH in H,0

Citrus Seeds

(i) | Acidic water (pH= 4.0)
Pectinase enzyme, 20 h
Centrifugation

Pellet
XAD-2 column/
. Acetonitrile
Eluate

Concentration
(pH=6.5)
DEAF Sephacel Column

' g‘ﬁ?ﬁcaﬁom 7 Washing with water
omatography . Elution with Dil. NaCl
DEAF-Sephacel/ 3
Dilute HCI El}late
22 - Desalination
Acidified glucoside Prep-HPLC
fraction J
Removal of HCl; -Ichangensin glucoside

Cl 3 Column/ MeOH

-19-hydroxydeacetyl-
nomilinic acid glucoside,

-Isolimonic acid glucoside,

-Ichangensin glucoside

Limonoid Glucoside

Citrus Peels Citrus Molasses
. (k) | Drying. pulverization 1)) |
() Solvent extraction MeOH
Drying, Grinding (Hot water) Centrifugation
Filtration !
Rav(i s Filtrate Clear solution
Seed pow di Amberlite Dowex-50 column
XAD-2 column S0
: Washing with HyO/ S a0
:::p?:rz;lon H-O: I\‘f-ICOH - | Elution with EtOH
) L 2 Elution with Eluate
| HyO : MeOH (1:1) ‘

: . Eluate g‘-’gpolrlaa:'l::e column
Limonoid Residue | S0 S
Aglycon Separation Neutral Alumina column !

(limonin) SC-CO»/ Silical gel column Limonoids
: chromatography
EtOH e Dowex-50 column

i G ; Coupled with

Nomilinic acid 17-0--D-glucopyranoside. SI(’)-u‘il:) . o;:;m

Methyl nomilinate 17-O- f-D-glucopyranoside. | Removal of NaCl

Obacunone 17-0- f-D-glucopyranoside |

é,]lmon-(;ld Limonoid glucoside
ucosides

(Limonin glucoside)

Limonoid glucosides

in mixture

SP-70 column
80-100% EtOH

Limonoid glucoside

in mixture

(not individual compounds)

Figure 5-12: (a-b) Steps involved in the different extraction methods for limonoids from citrus peels and seeds; (b-g) Limonoid

aglycones, and (h-1) limonoid glucosides [79,80]
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Figure 5-13: Molecular structures of coumarins found in citrus wastes



OH OH

ZT

OH OH H

p-synaphrine p-synaphrine

Figure S-14: Molecular structure of synaphrene and p- synaphrene



Citrus peels

Washing and drying
Grinding and sieving

Coarse powder

Maceration, Water
Centrifugation

/

Supernatent

Percolation using 0.02 M HC1
(Flow rate SmL/min;
Liquid-Material ratio 1:9)

Filtrate

Condensation

Synephrine extract

Solid phase extraction in vacuum
Cation Exchanger Resin

Elution using MeOH: i-PrOH:NH,OH
(78:20:2; v/viv)

Eluate (Synephrine)

Drying, Derivatization and Analysis

* Cyclohexanone derivative
(GC-MS/GC-FID);

* Ogxazolidine derivative:
(H'and C!? NMR)

Synephrine(97-99 % pure)

Figure 5-15: Steps involved in the extraction of synaphrine [81]



Zeaxanthin
o~ - " F S = = ~
Phytofluene OH

B-Carotene

Y \\\\\\\"\\\\ XN

Lycopene

Anthocyanin Tangeretin

Figure S-16: Molecular structures of the pigments found in citrus wastes



Citrus Flavedo

l Solvent treatment .\ Water spray
. Flavedo sl e
4 avedo s
Flavedo shurry . u.rry Drying Cold pressing
0.1 % a- tocopherol (natural antioxidant) Extraction Pulverization 3
0.1 % Butylated hydroxy toluene; N SFME; : Cold pressed oil
BHT (artificial antioxidant) v SD | Pressedpeelresidue v
s SO \ . eel frits
Suspension Peel by-product Juice Peel oil B Distillation
Drying. 45°C, 72 h | Pulverization v n- Hexane, Peel : Hexane (1:1) 40°C. 1 mm Hg
Grinding Citrus essential oil CE: CE; UAE 5 ; ,
v i i i d-limonene »
Finely powdered flavedo En?ulswn with peel oil ( ) UAER Firtrach 20 fold concentrate
Solvent extraction; 12h Centrifugation l Evaporation
Acetone, petroleum ether, hexane, | Water
90 % ethanol, ethyl acetate Pe;l oil v
methyl chloride; Filtration Winterization Concentrated
4 L Undesirable wax; sterols, Peel frit extract
Extract L coumarins f L
HPLC- Isolation and analysis Wax free fraction Carotenoids concentrate Purification
Mobﬂe phase: acetonitrile, methanol, Evaporation and folding - @) .Geg‘{tsmnon
dichloromethane: Purification BioB Sx2
(MeCN: MeOH: DCM in 75:20:5 v/viv) Deterpinated oil, limonene (50%2 em column
(*MeOH containing 0.1 % BHT as antioxidant S8 ) or Sephade:g LH-20: Tl.{F)
and 0.05 % triethylamine TEA: Oil free solution 2 / 5 (ii) Preparative Separation
The mobile phase is filtered through 0.5 pm . arotenol (120%2 cm,
iR Molecular extraction I
‘ PTFE : Flow Rate: 1.5 ml/min LH 20 column; THF
eboe), Niow Rl 1> 0.5 — 1.0 mm Hg; 90 °C - 120 °C S5 )
Eluate
Analysis

Concentrated in rotary evaporator, 40 °C

Concentrate
Adsorption on solid matrices
| (Starch, Dextrin, Flour, Lactose, Gum Arabic)

E\ute

v
Adsorbed matrix
Drying in oven. 40 °C,24 h
powdered form is stored for commercial use

Pignfents

v
Extract

Removal of peel oil;
limonene, decanal, linalool

Molecular extraction II
10 -~ 50 mm Hg; 100 °C-120°C

Concentrated Carotenoids

Removal of undesirable compounds
Valencene, a-Sinensal, f-Sinensal,

Nootkatones

Figure S5-17: Important steps in the extraction of carotenoids [82-85]

SFME- Solvent Free Microwave Extraction;
UAE- Ultrasound-assisted extraction

HPLC: Microstyragel column
3/8-inx 1t (UV-254 nm)
TLC- Silica gel G
Hexane-Acetone (90-10. v/v)
Pigments
(yellow, Red, Orange)

SD- Steam Distilation, CE- Conventional Extraction



Table S-3: Composition of pigments in different citrus varieties [6]

Valencia orange Tangerine Eureka Lemon Ruby Red
Grapefruit
Endocarp Peels Endocarp Peels Endocarp Peels Endocarp  Peels
(15 mg/l) (120 (27 mg/1) (186 (0.6 mg/kg) (1.4 mg/kg) - -
mg/kg) mg/kg)
(Approximate percentage of total carotenoids)
Hydrocarbons
Phytoene 4.0 3.1 5.8 4.2 - - 1.6 47.0
Phytofluene 13.0 6.1 7.2 3.5 22.0 18.0 4.4 1.4
a-Carotene 0.5 0.1 0.3 0.2 6.6 6.8 - 0.1
p-Carotene 1.1 0.3 4.1 0.4 4.0 17.0 27.0 7.2
Mono-ols
Cryptoxanthin 5.3 1.2 33.0 24.0 26.0 9.7 0.7 1.4
Cryptoflavin 0.5 1.2 0.8 3.4 - = - 1.3
3-Hydroxy- a-Carotene 1.5 0.3 1.0 0.6 . - 0.2 0.1
Diols
Lutein 29 1.2 29 3.3 - - 0.3 0.9
Zeaxanthin 4.5 0.8 3.3 3.5 - - - -
Monoetherdiols
Antheraxanthin 5.8 6.3 9.7 6.2 - - 0.7 -
Mutatoxanthin 6.2 2.2 2.8 - - 0.4 0.2
Dietherdiols

Violaxanthin 7.4 44.0 14 24.0 - - 0.9 1.0

Luteoxanthin 17.0 16.0 3.5 9.1 - - 0.4 1.8



Auroxanthin

Valenciaxanthin
Valenciachromes
Sinensiaxanthin

12.0

2.8
1.0
2.0

2.3

2.2
0.7
3.5

0.4 1.9
Polyols
0.2 0.4

0.2 1.1

0.3

0.2

1.6

0.3



Citrus seeds

L. washing and drying

+ milling Drying and cracking of hulls
l + grinding into flakes Pressing through serew xpelles
Hot pressing Cold pressing Solvent extraction v
Water vapour . ) Benzene, EtOH Seed oil
heatin N Dhrect pressmg or Et20
2 (103-110 °C), 1 h ortL .
Pre i Distillation Filtration
ssure 0.05 Pa v g . cled )
Seed oil | Solventis recy o v _
oil (Red bitter and strong odour) Seed oil Cleared oil Pressed cake oil
(oil = 7.14 %)
|
A : o Storage
fini Alkali refiming
Re . Removal of bitterness | L
|+ Alkali treatment emo . ]
Residue < | . Heating with steam and NaOH (kmonin, free fatty acid), Protein supplement for cattle feed
! = (toxic for chicken and swine)
Milky crude oil B d Natuzal oil
+ Incubation at 50 °C for 10-15 min and: aturat ot \_\ Removal of tox
+ Slow stimng Refining - emohl mﬂ omgﬂn
Fatty acid «—| . Saponification Hydrogenation by solvent extrac
Bittern W . .
o5 Feed for chicken and swine
Precipitated o1l
+ Centrifugation Yoo /
* Filtration under reduced pressure Crude oil Refined oil
Removal of colour,  <—| . 4.5 95 Activated carbon ll Winterization
imputities, water . : . 5, : \ .
puri Drying at 105-110 °C, 20-30 min NS gosp maling Chilling at a very
W i low temperature;
Semi-refined oil Sulfonation; Filtration
Deodorization by agitated ai Sulfation
. orization by a air, or \ : . )
Removal ofodour. -7+ vacyum deodorizaion at 150-156 °C v %M'fﬁ ghyoerides
colour, flavonoids + Bleaching with 2-3 % bone char 0il for detergent;
and other impurities Fatty acid derivatives; ;o _
Refined seed oil Treatment of textiles Seed oil: Salad o1l
and leathers

(Pale yellow and transparent)

Figure S-18: Steps involved in the different extraction methods for seed oils from the citrus seeds [66,86]



Volatile compounds (Water insoluble) Water Soluble

_OH
}\Q\ \r\-ﬁ/@/ Methyl Alcohol
0

o)
/
Limonene Bisabolene Carvone |
H \/ )\/\"54/ Furfural
A x Z
Jm (;O Linalol g
H :

Caryophyllene  Car dinene /M Aceéaldehyde
2 OH
)J\OH

/\/\/\)LOH Linalol monoxide

Caprylic acid Acetic acid
HN” O
-
3-Hexen-1-ol Alpha Terpineol ©
1,4-Cyclohexanedione

N-methyl methyl anthranilate
Ly W -
o —
O/

Ethyl Alcohol

Alpha pinene
Carveol Citral )OI\
o Acetone
e~~~ AS HO/\/)\/\)\ s
Capric acid Geraniol Hydrogen sulfide

Figure 5-19: Water soluble and insoluble volatile constituents found in citrus wastes



/\/W\/\/\/\/\)J\OH

Stearic acid

O

WOH

Palmitic acid

/\/\/:M\/\)J\OH

Linoleic acid

OH

Linolenic acid

Figure 5-20: Molecular structure of main lipids found in citrus wastes



Citrus peel waste

- (0.20 wt.%, 5°C, 1h)
- Dissolution of Pectin
- Centrifugation

- Washing (DI-5 times)

Extraction of juice
Residue
- Extraction of oil and
colouring material
- Solvent extraction
(EtOH: Water; 85:15, v/v)
- Centrifugation
- Second extraction and washing
Crude Cellulose
- Ammonium oxalate = Huﬁr:nﬂ;m
(0.98 wt.%, 20 °C, 1h) (Autoclave)
- HCI (depolymerization) 0.18 Wt.% HCL.
- (0.18 wt.%, 80 °C, 1h) (2'0 i '21: R
- NaOH 120 140072 MR8

- Washing (DI, 5 times)
- Centrifugation

Cellulose

- Fibrillation

(Sonication of 0.001 wt.% pectin
Suspension in H,O; 15 min)

- Centrifugation

Cellulose nanofibnils

Figure S5-21: Steps involved in the extraction of cellulose and sugars [66,87,88]

Drying and pulverization
Solvent extraction
(DI, 0.1 N H,SO,, 5h, 60 °C
511, viv)
Cooling, Neutralization (BaSO,)
Filtration
N
Extract

-Storage, 4 °C

-Charcoal tratment
-Agitation, 30 min

‘ -Column Filtration,

. Silica gel (230-400 mesh)

Residue

Filtrate

-Simmering on steam bath

200 ml of boiling EtOH (80 %)
Organic phase | MeOH-CH,ClL-H,0; 0.3:4.1, viv
(impurities)

Sugars in
MeOH-H,0
phase

Drying

Carbohydrates
(Sugar Imixmne)
HPLC reversed phase
|, Separation and Analysis
Fructose, Galactose,
Glucose, Arabinose,
Xylose

Drying and grinding
(granule size 1-2 mm)
Soaking in 0.02 M HCl
Stirring for 0.5 h
Filtration

Treated citrus peels

Water (1:20)

pH=2.0:

Temperature §5-90 °C
Extraction and filtration
under reduced pressure

Pectin extract

Bleachmg with H:O: at

20-30 °C for 10-15 min;

pH=5-7

Washing with water

and EtOH (40-50 %)

Filtration under reduced pressure
Vacuum drying

Dried cellulose

Crushing and sieving

Pale yellow edible cellulose powder
(Crude fibre content 48.6 %
Carbohydrate content 98.2 %)



Peel and pulp residue

* Knife milling
* Sieving

Finely chopped peel waste
(particle size 2.2 + 0.4 mm)

+ Partial drying, Freezing at -20 °C

(70 °C; Humidity < 60 %)

+ Hydrodistillation, Microwave water extraction,
Steam stripping (100-120 °C, Rinsing with water)

\ Removal of
> d-limonene

Homogenized mixture

* Enzyme cocktail [Novozyme 188, Celluclast 1.5L (Cellulase),
Pectinex Ultra 5P-L (Pectinase), (Glucanase, Polygalacturonase,
p-glucosidase, xylanase, B-xylosidase)
* Hydrolysis of cellulose, hemicellulose and pectin
[52 — 72 h, pH=5.0, Stirring, 50 °C]

* Hydrolysis of 1,4-B-d-glycosidic
linkages of cellulose present in primary
cell wall

* Hydrolysis of pectin in middle lamelae
* Degrade cellulose and hemicellulose

Sugars

* Purification
* Analysis and determination

Glucose and Fructose
Hemicellulose
(Arabinose, galactose and xylose)

Slicing, drying (60 °C, 48 h)

Powdered sample (100 g)
Extraction [DI (75 ml) +0.1 N H,S0,]

i Heating 60 °C, 5h; Stirring

Slurry

Neutralization

| Barium Hydroxide

Syrup
Storage, 4 °C, dark in colour
Charcoal treatment. 30 min

~ Silica Gel (230-400 mesh); Filtration

Filtrate
) Evaporation (Rotary evaporator)

Condensed filtrate

Air tight glass container); Cooling to RT

Filtrate in EtOH
Homogenization, filtration, concentration

Concentrated syrup

Separation of phases (Separating funnel)

\ MeOH-CH,Cl,-H,0 (0.3 : 4 : 1, by volume)
J > Removal of Organic phase

Water phase containing sugars

Drying, 50 °C

Separation Reverse Phase HPLC on
an Adsorbosphere Column- NH,
(250 x 4.6 mm column)

v Mobile phase-Acetonitrile/H,O

Separated sugars

Detection and analysis by TLC, HPLC-MS)
UV-inactive spectra

Fructose, Galactose, Glucose, Arabinose, Xylose

Figure 5-22: Steps involved in the extraction of sugars from citrus waste [66, 86, 88, 89]

Simmering (200 ml of boiling 80 % EtOH; 2-4 h

Citrus press
liquor
Screen filter:
Flash heater
Filte‘l’ed Juice sléﬁd;
Pressed cake
Centrifugation Stirred
Filtrate Reactor
Rotatory filter; process;
Immobilized Screen filter
Inverted reactor process;
) Feed mill
Mixture syrup
Ion exchange v
column; Cattle Feed
Concentrator
High fructose syrup
Immobilized
glucose oxidase
Reactor; Oxygen
Fructose and gluconic acid
Concentrator
Crystallizer
l |
' v
Gluconate Fructose



Pulp and peel residue

Pressure
Separation of solid

Solid residue

: | L Oil suspension DEHE
Shredding Concentration in : .| Ultrafiltration
Liming multiple heat Solid shards Ve———
Curing evaporators l Permeate fraction
Pressing Condensate  (dissolved sugars)
Pressed cakes  Citrus molasses Cenmmgahon
] Separation
mﬁﬁn 3-layered column Heating
e d-limonene » Top layer 65-85 °C
Dried citrus (Bright yellow/green layer) 10-15 min
feed cakes ———  [d-limonene] (increase
* Middle layer I:I:Z):t):zt)
(pale yellow/brown aqueous layer)
[Sugars, hemicellulose,pectin]
* Bottom layer
(Solid shards)
Ultrafiltration
_Heat flocculation
|, 7> Shards

Aqueous phase sugars
(Glucose, fructose, sucrose)

Pressed juice

I

Inverted sugars

Free enzyme reactor
60 °C,pH=4.5;1-2 h

(Glucose: Fructose; 50:50)

Inverted press liquor
(light brown)

Brief boiling
(Heat flocculation microfiltration)

Enzyme inactivation
80 °C, pH=7-8

Immobilized enzyme
reactor; 1-2 min

Clear pale yellow filtrate
(Inverted sugars)

Enzyme
immobilization

Shards




l

Glucose + Fructose

Boil (Heat flocculation)
Fine suspended e 80-100 °C; 10-20 min
powder; Cloudiness /

Clear Inverted Sugars

Filtration

Sand bed (18-30 mesh)
Flocculated material
and other solids <

Cloudy golden yellow effluent
(first and last portions are
removed and washed with water)

Solids, proteins Activated charcoal, vacuum filtration
and colouring agents < —'|  using Diatomaceous Earth

Clear light yellow filtrate

Microfiltration
(0.45 p milipore filter
Pore size 200-100 A; MW < 300 KD)

Clear pale yellow filtrate

Colloidal layer and solids Iog Exchagge :
< | Acidic cation exchange resin

Cations and coloured (Dowex SOW x 2(Hform)

components <—| Basic anion exchange resin
Anions and coloured _ /|  (BioRad AGI-x8)
components |

Clear colourless and odourless filtrate
Electrodialysis

Tons <— Membrane filtration

Non-ionized sugars in dilute solution
(25-35 mg/ml fructose 30-37 trig/ml glucose)

Thin film evaporator, 50 °C

Inverted Sugars (Clear, colourless viscous liquid)

Figure 5-23: Extraction of inverted sugars from citrus waste [90]



J

Citrus waste

4 vol. HO; 1 MNaOH; pH=7.2£0.1
5g K;HPO,, 3H,0. 5¢g yeast extract
0.2 g MgSO, 3H,0 (per litre waste)
Yeast — Xanthomonas compestris (ATCC 13951)

\

Broth
|

Heating (60 min 65 °C)

Supernatant

Evaporation to
original volume

/

Pectic extract

\

Diluted six times with

Centrifugation,
12000 rev/min; 20 min

Supernatant

EtOH (1:1)
Centrifugation
. (12000 rev/min; 20 min)

Supernatant

2 vol. EtOH
Centrifugation
, (12000 rev/min, 20 min)

Supernatant

Drying; 105 °C, 3.5 h)

Xanthan

V
Pellet

4 vol. H,O, 1M NaOH, pH=8.5
Heating 60 min, 65 °C; Centrifugation
(12000 rev/min, 20 min)

WV

DI, heating (10 min, 65 °C) Supernatant

(Evaporated

to original vol.)

Hemicellulosic
extract

Diluted six times with
DI,10 min, 65 °C
Centrifugation

(12000 rev/min 20 min)

Supernatant

\

1 vol. EtOH
Centrifugation
, (12000 rev/min, 20 min)

Supernatant

2 vol. EtOH
Centrifugation
(12000 rev/min, 20 min)

Supernatant

\

Drying 105 °C.3.5h

Xanthan

l

Pellet

(Suspended in original vol.)

Cellulosic extract

Diluted six times

with DI, 10 min, 65 °C
Centrifugation
(12000 rev/min, 20 min)

Supernatant

1 vol. EtOH
Centrifugation
(12000 rev/min, 20 min)

WV

Supernatant
2 vol. EtOH
Centrifugation

(12000 rev/min, 20 min)

\

Supernatant
L Drying 105 °C.3.5h

Xanthan

Figure S-24: Production of Xanthan gum from citrus waste [91]



Citrus Peel and pulp residue

!
(a)| Freeze drying, Eesential (b) (c) Autoclave; 120 °C (d)L (e) Equal volume (f) H.SOy: (g)| Disintegration
grinding oils ~ Water; Distillation 1?1::1.1, 0.0SNHCl il press of yeast slurry; Steam: into slurry '
0.1% MPA; EEnon liquor/molasses Aerated propagator;| yygter Lime; Screw
Homogenization; M Filtrate T Fermentation tank mill process
| Centrifugation Stillage (Carbohydrate source Fermentaﬁ?n Hydrolyzed mixture % Pressed:&aek;;
Supematant Glucose, pectin) v J, Ex ion tank: ' N
; Digested s . pansion tank; Pressed 3
SepPak C,; Cartridges Drying NH.Cl, KH,PO, v hmy K CEIRIRG carsiice Filtering; washing liquor > :;lfs’
MeOH, MilliQ water, MgSO0,.7TH,0 Mycelium Aot fiy .
, 2% MPA 1 ; ¥ separation; theembott‘:)m 0’;‘ Condenser  Peel oil | Heating;
Ehuate Dried stillage Fermentation medium | Pressing and iz ——> (Limonene) !Condensing;
Debaryomyces coudertii | washing; e tank to ' Settling;
Filtration; H,S0y; or Candida utilis Filtration mmimise eed Evaporation
| 0.45 um Nylon filter Dilute acid hydrolysis| pH= 6.0, 30 °C, 3 days alcohol formation; \ Y
lean filtra Fiaon V. Sheing e PH=.0;N;; ¥ Yeast: c'dv
c . Pyruvic acid in mixture Lime shurry; Ammonium  Liquid fitrate SO mass | 7y moml::ses
Uttrabase If l Isolation, Centrifugation | Neytralization S:IS!P:;? ———— Aerobic | yrilis); pH=4.0;
; v fum : Steam igesti ;
g,;o C:hmm4 - R }-ZtOH ‘ Solid Supernatant Calcium citrate bk Distillation; |digestion | H,S0,:3 days | oNH,OH/
x2.5 pm) B Dowex 12 (C1) Decomposition PR BGgE  ASkpn; ;‘:ac:n(:;)t;ﬁon
; B - . Yeast by-product
MeOH : Miliq | Precipilation| |5.Giucosidase | Cobmn (H:S0,): Ethanol (99%) TP actobacillus
water i Cellulase; - Evaporation; ’ Oxidation by Purification delbrueckir)
(15:85, VAV): iq Enzyme Ema;e4-dh1iu'ophcnyl- Setting; Feed yeast Acetobactor Mei]n i .
vPH=25 |pistilation | [MArlyss | e maNHQ | Cogaton; : o SO & Liggid ...
Dehydroascorbicacid 5/ | (1.5 times of pyruvic  Filtrate Filtration; | manure “:‘:c’;’;m .
- - a 4 mﬁnmg v ‘ o
DIT o 2 4-dinitro alfld) s Activated carbon; Vinegar I (Acetic acid) ) Calcium Lactate
(Conversion into , 1F + rophenylhydrazone Decolorization ~ ° ; Aging (1 yr); Butyl lactate .
Ascorbic acid) Solid Liqui of pyruvic acid | Source material F i;‘tl;suon ¥ Co?cent'nmon;
HPLC-PDA -, . . Cleared liquid for vit-B-complex | Fractional Purification;
’ B Fermentation Evaporation Ion exchange Vinegar 11 (Acetic acid) Distillation: Crystallization;
Ascorbic acid Ldigestion | (yerinobacillus | Purification and extraction Separation; Hydmlysis’ Hydrolysis
Biomethane | SuCCl‘nOgenﬁ) EtOAc and 10% Na;CO; anuon’ o Filled :0 Steﬁle b?nk_s (H~SO¢) (H;SO,,)
AP Recrystallization Crystallization; At 60 °C; Pasteurization 2
Succinic acid | (EtOH-H,0) e S &3 Storage 1
¥ 2 ., Drying; Screening \ Lactic acid Lactic acid
Crystals of Citric acid Vinegar

MPA- Metaphosphoric acid;
DTT- Dithiothreitol

Figure S-25: Production of various important organic acids, viz., succinic acid, citric acid, lactic acid and vinegar, and vitamins from

citrus waste [66,86,92-96]

2 4-dinitrophenylhydrazone
of pyruvic acid



Citrus peels (C. Grandis)
1.0kg

* Soaking in EtOH, 1d, RT
* Solvent extraction
(95 % EtOH, 5 times
10 L, 5 b, RT)
« Filtration

Crude extract (260 g)
Distilled water

Suspension
—EtOAc layer (20g)

CC silica gel
n-hexane—acetone
(8:1, 4:1, 1:1 and MeOH)

Fy-Fyol

EtOAc

Fi*Fy  ccsilica gel; n-hexane, diisopropy
v (11:1, 921, 521, 2:1, 1:1. O:1)
CC Silica gel;
Fi+F, n-hexane and EtOAc (Fs.
— F3,
F34

CC Silica gel,
Recrystallisation

+F3.5];
CC silica gel: n-hexane and

+ Friedelin (10.3 mg)

¢ [soimperatorin (16.7 mg)

ethyl acetate (9:1);
Recrystallisation

CC Silica gel:
Recrystallisation

; - dii atFsel:
Fs cCsilica gel; diisopropyl, [11:5 ! | 5] CC Silica gel; n-hexane and diisopropyl ether:

* B-sitosterol (265.7 mg)

* Bergomottin (2.5 mg)
* Octadecatrienoic acid (10.4 mg)

* Osthenol (2.6 mg),
* Isomeranzin (3.2 mg).
* Marmin (1.1 mg),

ether 5.2

Water layer
(240 ¢g)

Recrystallisation

* Myo-inocitol (10.3 mg)
* Scyllo-inocitol (8.2 mg)

Mother liquor
CC-DiaionHP-20 gel
MeOH-H,0

Wi-Ws

Fss

TLC using n-hexane and diisopropyl ether (3:1);
Recrystallisation

Recrystallisation

Fs.s

[Fr.
F7y

F;

CC Silica gel;
Chloroform-acetone
“©1n

CC Silica gel: n-hexane and  _ [Fs.5.1%Fs.5.5]:

* 7-hydroxy-8-(20-hydroxy-30-methylbut-
30-enyl) coumarin (2.5 mg)

* Yuehgesin-C(302.2mg)

EtOAc: Recrystallisation Fssa
. * Epox amottin (1.0 mg),
CC silica gel; n-hexane and : C?mmﬁeﬁn (6.6(m8)x’ng)
glém: ileit::: (azl;cll);cetone (9:1); *-S-hydroxy-3,6,7,30,40-
Recrystallisation pentamethoxyflavone (1.3 mg)
Fr.6l: * Limonin (98.3 mg),
—Fr4 | Recrystallisation « Bergaptol (7.0 mg),

|_CC silica gel: n-hexane and acetone;
| TLC- Chloroform and acetone (5:1);
Recrystallisation

* 17,18-dihydroxybergamottin (22.2 mg).
* Auraptenol (13.5 mg)

* Vitexicarpin (6.2 mg),
* Chrysosplin (3.2 mg)



Recrystallisation

|_Fr.e * N-[80-(40-hydroxyphenylethyl)}-2-hydroxy-benzoylamide(4.0mg)
,~.F8+ Fo dsig:a gl ffﬂ}er 2 (Fs.1-Fysk X * Meranzinhydrate (2.8mg).
ey Fea | silica gel CC; >« MethyM-hydroxybenzoate (2.1m
and ethyl acetate (1:1) “diisopropyl ether and efhyl acetate; i . Y s}i’nol(ly9m : (2.1mg),
TLC - diisopropyl ether and acetone (3:1); Frogee e
Recrystallization

Water Fractions [W;-Wg]

- W+ W5 C18gel CC-H,0and MeOH  _ [Wy; + Wy3);

(0,91, S, 2L 1L 0D Wy | HPLC-Agileot semi-prepacative * Melitidin (42.9 mg);
RP-18 column (21.2 mmx250 mm); . BOsE (.8 1)
H,0 and MeOH (60:40)
| Wy _ C18gel CC; [Way+Wysl Rhoifolin (3
H,0 and MeOH Wy | HPLC-Agilent analytical RP-18 column " RHHON. QA 185, .
{4.6 mm*250 mm); H,O and MeOH (55:45) i Nemigrni: Tasiacade (L0 mg)

Wy3 | Clsgel €C;  Minor Fractions . . )
3 H.0 and M—\eb}{' Wics | HPLC-Agilent analytical RP-18 column * Hopeyhopin (3.8 mg);
- A (4.6 mm x 250 mm); H,O and MeOH (70:30) < Eleutheroside B (1.8 mg)

W,y : Recrystallization

> * Adenosine (13.9 mg)
W5 +Wg  c18gel cC; _ [Wsy +Wayl
- W Recrystallization
R WEOR 1 . *Naringin (18) (440.0 mg)
C18 gel CC; H,O and MeOH
Ws2 £ = » « Phlorin (26.3 mg)
Wi HPLC-Agilent analytical RP-18 column * Epoxyaurapten (1.0 mg);
(4.6 mm=250 mm); H,O and MeOH (65:55) ~» I-methoxy-f-carboline (1.0 mg)
| W; Ci8gel CC; _ [Way + Waal: - y :
H,0 and MeOH - Wy, and W, Recrystallization _ + B-sitosterol-3-O-B-D-glucopyranoside (11.6 mg);

* 7-geranyloxycoumarin (4.0 mg)

Wi TLC-chloroform and acetone (5:1);
Recrystallization

> * 4-hydroxybenzaldehyde(1.9 mg)

Figure S-26: Steps involved in the extraction, separation and isolation, and determination of different phenolic compounds [97]
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