CHAPTER-3
MATERIALSAND EXPERIMENTAL METHODS

In this chapter materials and experimental methes#sl are described. It includes materials
used in the experiments, the analytical procedunsed for determining naringin

concentration and pectin content, characterizabbrpectin, the process for preparation
kinnow peel boiled water and subsequently adsarpiod desorption procedures to obtain

naringin and pectin along with flow charts are give

31 Materials

3.1.1. Adsorbents (Resin)

Macroporous, nonionic, hydrophobic, cross-linkedypwric adsorbent resins INDION PA-
500 and INDION PA-800 (lon Exchange India Ltd.) Baveen used; properties of both

adsorbent resins have been given in Appendix TAble

3.1.2. Chemicals/various solutions

Chemicals used in the experiments were of analyteagent grade. Naringin §&13,014)

and Galacturonic acid were purchased from Sigmai&idChemicals Pvt. Ltd. India,
Diethylene glycol (GH100s3), Citric acid (GHgO;), Ethanol (GHsOH), Hydrochloric acid
(HCI), Sulphuric acid (K50O,), and Carbazole reagent were purchased from Merck
Specialities Pvt. Ltd. India, Sodium hydroxide (N&Q Potassium metabisulfite §&,Oxs)
were purchased from Qlualigens Fine Chemicals |Rdt.India, Distilled water was used for

preparing all the solutions.

3.1.3. Kinnow peels
Kinnow peels used in the experiment were colleftech the market in Varanasi from juice

vendorsduring December 2011 to January 2012, December 2012anuary 2013 and



December 2013 to January 2014. These are mentiondte text as peels of years 2012,
2013 and 2014 respectively. Preharvest droppedhinpeels used in the experiments were
obtained from fruits collected from Abohar (Punjaloidia during the months October of the
year 2012 and procured from Sriganga Nagar (Raaythindia in 2013. For dry peel
experiments, fresh peels collected from fruit vasdeas sized to less than 2 cm and were

dried in a circulatory tray dryer at 8D for 24 h.

3.2. Analytical Procedures

(A) Naringin (Davistest)

In the present study, the naringin concentratios determined using the Davis test (1947)
with a spectrophotometer (Elico double beam SL@VBVIS). It is described below.
Preparation of solutions:

(i) Diethylene glycol solution (90%) was preparagdaalding 100 ml of distilled water to 900
ml of diethylene glycol and mixed thoroughly to reakO00 ml of solution (ii) Sodium
hydroxide solution (4N) was prepared by dissolvir®yg of NaOH in distilled water and
made up to 100 ml.

A stock solution of concentration 1000 ppm (1 kg) mas prepared by dissolving 100 mg of
naringin in 80 ml of warm distilled water. After ah contents were brought to room
temperature and makeup exactly 100 ml. To make 236, 500, and 750 ppm standard

solutions, the stock solution was diluted with itletl water.

Procedure:

In this method. 0.1 ml of the sample was addedtmlLof 90% diethylene glycol and 0.1 mi
of 4N NaOH solution. After mixing, the solution waept for 10 minutes for yellow color
development. The absorbance of the colored solutas measured using spectrophotometer

at 420 nm against distilled water blank. The calilmn graph (absorbance vs naringin
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concentration) was drawn by measuring the absoebahstandard solutions of naringin, and
the curve was used to measure the naringin comehte unknown sample. The calibration
curve for determination of naringin is shown FigGré.

In desorption studies, 1.0 ml of the sample (ethaadngin solution) was taken, and ethanol
was evaporated to get dried sample. This dried Eamas dissolved in 5.0 ml of distilled
water, and naringin concentration was measuredstmglDavis test as discussed above. The
naringin concentration in the desorbed sample véaimed from the amount of naringin and

volume of alcohol solution.
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Figure 3.1: Calibration curve for determination of naringin

(B) Pectin

Colorimetric Method (Ranganna, 2005) was used falysis of pectin in the samples. It is

based on the reaction of the galacturonic acid,bdmc structural unit of pectin molecule,
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with carbazole in the presence 0330, and measurement of the colour at 525 nm. The

results of these experiments expressed as anhydctg@nic acid (AuA).

Procedure:

Unknown pectin sample preparation:

100 mg of pectin sample was dissolved in 100 nfl.66N NaOH solution. The solution was
allowed to stand for 30 min to de-esterify the pecthe 2 ml of this solution was diluted to
100 ml with distilled water. However, in the caseK®BW, 2 ml of this solution were taken,
and 0.05 N NaOH was added to make 100 ml.

Blank Preparation: To prepare blank, to the 2 ml double distilledevatnd the chemicals are
added in the same manner except for 1 ml of 100tanel in the place of carbazole reagent.
Exactly after adding acid, the transmittance wa486% with the blank.

Standard pectin solution preparation:

Accurately weighed 109.3 mg of galacturonic acichotoydrate (MW. 212) was transferred
to a 1000 ml volumetric flask. 10 ml of 0.05N Na@ids added, and it was diluted up to the
volume. The contents were mixed thoroughly and waiewed the solution to stand
overnight. One ml of this standard solution coradirlO0 pug of AuA. To make different
concentrated solutions, the standard solution waged with distilled water.

Two ml of the prepared pectin solution was transféiinto tubes using a pipette, and 1.0 ml
of carbazole reagent was added to get the whitedlent precipitate. To this precipitate 12
ml of conc. HSO, was added with constant agitation. The tubes wieised and allowed to
stand for 10 min for color (dark purple) developmen

Two (2.0) ml of standard solutions were used fdoicdevelopment as per the procedure
described above. The absorbance of the coloredti@@luwas measured using
spectrophotometer at 525 nm. A calibration curves Weawn by plotting the absorbance

against the concentration of anhydrogalacturonid foc known samples. The concentrations
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of the unknown solution were determined by usinigocation curve. The calibration curve
for determination of pectin is shown in Figure 3.2.
This method was used only for measuring the conagomh of pectin as AuA in KPBW and

obtained pectin for knowing the percentage recoeépectin.
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Figure 3.2: Standard curve for determination of pectin
3.3. Experimental Procedures
3.3.1. Preparation of Kinnow peel boiled water (KPBW)
The peels were cut in smaller size pieces aboum,2after that combined with four times of
water (by weight) in case of fresh and dropped ediereas 0.300 kg in the case of dried
peels was added in 4 liters of water. The conteset® boiled for 60 min, and peel solution
was filtered through muslin cloth, and the extraet aside. The residue was mixed with
another four parts of water (by weight) and boiledanother 60 min, followed by filtration
with a muslin cloth. It was observed that for omedt fresh peels about 0.300+£0.015 kg dry

peel is obtained.
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The same step was repeated for one more time. Arlee extracts of peel samples were
brought to room temperature and combined. Potasmetabisulfite (KMS) was added at a
rate 2 g/l (2 kg/M) to prevent microorganism growth in the peel bikeater. This extract

named as Kinnow peel boiled water (KPBW) and usad aidsorption experiments and

recovery of naringin and pectin.

3.3.2. Extraction of Naringin and Pectin

(A) Naringin

A glass column with ID 14 mm was used for the ettoa of naringin; about 150 g wet
conditioned resin (conditioning procedure is ddsamliin section 3.4.1) was transferred to the
column. The column containing resin was treatech Wi4% aqueous citric acid solution,
about two liters of the solution was passed throwsin at a flow rate of 2 ml/min (3.3 x 0
m3/s). The conditioned resin was treated with ciéid, to prevent the protein deposition on
the resin in the column (Shaw, 1990). The kinnoel peiled water (KPBW) was allowed to
pass through the bed of resin at a constant flae/e&2 ml/min (3.3 x 18 m%s) until the
naringin concentration of the outgoing KPBW was a&do inlet KPBW solution (i.e., the
resin is saturated with naringin). The remainingBX¥ in the column was drained. Pure
ethanol was passed through the resin (saturatédnaringin), for desorption of naringin at a
flow rate of 2 ml/min (3.3 x 1& m%s) of outgoing solution. The solution of naringind

ethanol was collected.

The desorbed naringin-ethanol solution which wa80i8000 ml was distilled by using
simple distillation up to a volume 150 ml. Aftehat the concentrated ethanol-naringin
solution was filtered using Whatman filter paper. A4Q. The filtrate solution was passed
through membrane syringe filter of size 0.45 und #re filtrate was evaporated by heating
till disappearance of liquid and after that puaimoven at 61T to recover naringin solid. The

naringin extraction flowchart is shown in Figur&.3.
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(B) Pectin

The method for extraction of pectin is presenteBligure 3.4. The Kinnow peel boiled water
collected after resin treatment was used for regoeé pectin. The pH of the above was
adjusted to 2.2 with HCI. The contents were hedtech boiling water bath at 8G

temperature for 15 min. The contents were cooletbton temperature and centrifuged at
5000 rpm for 35 min. The pH of above was adjusted with 4N NaOH. Ethanol was added
to above solution at a final concentration of 60%v) The precipitate obtained was

separated and collected by centrifugation. The ipitate was washed twice with 80%

ethanol to get crude pectin. This was air drieGCBE to get pectin.
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Figure 3.4: Pectin extraction process
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3.4. Adsorption Experimental Procedures

3.4.1. Conditioning of Resin

Industrial resins contain a little organic and gemic impurities. When the resin is contacted
with the liquid solution, these impurities go irttee solution and affect its purity. For that
reason resin procured from the manufacturer mustcdreditioned before systematic
experimental work is carried out. It has been edrin the same manner as mentioned by

Singhet al. 2008.

The experimental setup for conditioning of resish®wn in Figure 3.5. For the conditioning
of the resin procured from the manufacturer, it wassferred to a glass column. The
backwash of resin bed was carried with distilledev& remove any suspended impurities.
NaOH solution (1N) was passed through the fixed bé&e flow rate was corresponding to 4
bed volumes per hour. In all 20 bed volumes of Na@die passed during 5 h. Backwash
with distilled water was done to remove all tracé®NaOH solution. After this, the bed was
treated with 1N HCI solution, exactly in the samanmer as done with NaOH. Backwashing
with distilled water was done to remove all traoé$1ClI solution. The cycle was repeated 2

times to get conditioned resin.

Storage of Conditioned Resin:
The conditioned resin was stored in distilled waWhen the resin was treated with 0.4%
citric acid; it was stored in 0.4% citric acid stdun. In all the experiments citric acid treated

resins were used.
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Figure 3.5: Setup for conditioning of resin

3.4.2. Solid content of Resin

A sample of the resin was taken, and the adhennfgee moisture was removed by pressing
it gently between the folds of filter paper. It Hasen termed as filtered paper dried resin

(FPD). A part of it (1 to 2 g) was transferred te toven and dried at 185 for 48 h,
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followed by cooling in a desiccator. The dried nesias called as oven dried resin (ODR).
The solid content is defined as the ratio of theghteof ODR resin to FPD resin. During
every adsorption-desorption experiments, the sotidtent was determined for a specific
specimen of the FPD resin. The number of adsorsi®s depends on the area per unit dry
mass. Since the mass of dry resin will give theiactepresentation of mass of adsorbent.
Therefore, solid content is helpful in determinitige actual weight of the resin used in
adsorption experiments from FPD resin mass usedthféosame specimen of FPD sample,
the solid content was determined in duplicate amsuees that it was reproducible within
experimental limits. Though, the experiments wewgried out with FPD resin; the
calculations were done on the basis of ODR astpadard practice.

Solid content (s) Wt. of O.D.Rresin

Wt. of F.P.D resin

3.5. Adsorption studieswith Kinnow peel boiled water (KPBW)

3.5.1. Adsorption equilibrium studies:

Known amounts of resin and kinnow peel boiled watartaining adsorbate (naringin) were
added to a conical flask with stoppers and alloveedchieve equilibrium. After few initial
runs, it was observed that it took less than 24 teach equilibrium. As there was no loss of
naringin, mass balance has been used to deterhenantount of naringin adsorbed on the

resin as given below. The studies were carriecabtemperature 27+°€.

q, = V(G -C) (3.2)
W

whereq, (kg/kg)is the amount of naringin adsorbed at equilibridhm®)is the volume of
solution (KPBW)C, (kg/m®)is the initial concentration of naringin in soluticC_(kg / m®)

is the equilibrium concentration of naringin inwabn andw (kg) is a weight of the resin.
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Experimental procedure:

Equilibrium studies were carried out in conicalkia. Fifty ml of kinnow peel boiled water
solution were transferred into 5 different 250 rahical flasks and numbered as 1, 2, 3, 4,
and 5 and 100 ml of kinnow peel boiled water solutivere transferred into 3 different 250
ml conical flasks and numbered as 6, 7, and 8.efit known amounts of FPD resin were
added to all the 8 conical flasks. Another samplERD from the same batch was transferred
to an oven to determine solid content. The contienédl 8 conical flasks were shaken for 24
h to reach equilibriumThe supernatant solution of each flask was andlyoe naringin
content by using Davis test. The same procedureadagpted for fresh, dry, and dropped

peels with resins PA-500 and PA-800.

3.5.2. Adsorption kinetic studies:

Batch kinetic studies were carried out in a threeked round-bottomed 500 ml glass flask
fitted with Teflon stirrer. Preliminary investigatis showed that there was no effect of stirrer
speed on naringin pickup on the resin at 250+10 Kinrmow peel boiled water (450 ml) was
transferred to the flask, and the known amounesirrwas added to it. The stirrer speed was
kept at 250 + 10 rpm to eliminate mass-transfelimging step. Samples of kinnow peel
boiled water were drawn at different time intervats know the variation of naringin
concentration in the flask with time. All the eximeents were carried out at room

temperature 27 +°2. The set up for kinetic studies is shown in FégBI6.

Experimental procedure:
A weighed sample of filter paper dried resin wasdu$or kinetics experiments. Another
sample from the same batch was transferred to an tovdetermine solid content in all the

kinetic studies.
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Five hundred ml of kinnow peel boiled water solatisas taken in a measuring flask, and 50
ml was removed by pipette to get exactly 450 mlisoh. The experiment was carried out in
a 500 ml three-necked round bottom flask fittechwitie stirrer. A known amount of resin
was transferred to experimental flasks and stiwvas made on. One (1.0) ml samples were
drawn at different times (7.5, 15, 30, 45, 60, 920, 180, 240, 360, 600, and 1440 min).
Samples were analyzed for naringin content. Theesarocedure was adopted for fresh, dry,

and dropped peels with resins PA-500 and PA-800.

e [
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Figure 3.6: Set-up for kinetic studies
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3.5.3. Adsorption column studies (Breakthrough curve)
A column studies were carried out in a glass colwith ID 14 mm and height about 1.5 m.
A glass bulb of 250 ml was fitted above the columrglass blowing; it was used to maintain

the level of solution constant. The setup usetiimgtudy is shown in Figure 3.7.

To carry out column studies, the glass column wilgesdfwith resin up to predetermined
height, saturated with citric acid, after drainitige citric acid solution. The kinnow peel
boiled water was filled up to a fixed height. Thanf rate of KPBW remaining after naringin
adsorption leaving the column was kept constard aate of 2 ml/min (3.3 x 10m?s).
Samples were collected for 1 min each at interg&l80 minutes and analyzed for naringin
content. The same procedure was adopted for fodrghand dropped peels with the resins

PA-500 and PA-800.

3.6. Desor ption studies with ethanol
3.6.1. Desor ption equilibrium studies

Equilibrium studies were carried out in conicalska. An amount of 25 ml of ethanol was
transferred into 5 different 250 ml conical flasksd numbered as 1, 2, 3, 4, and 5. Fifty ml
of ethanol was transferred into 3 separate 250amical flasks and numbered as 6, 7, and 8.
Different known amounts of FPD naringin saturatesim was added to the all the 8 conical
flasks. The naringin saturated resin was obtaimenh fthe adsorption column studies with
kinnow peel boiled water. The contents in all 8icahflasks were shaken for 24 h to reach

equilibrium

The amount of naringin desorbed from resin satdratgh naringin was calculated using

mass balance.

w! (Jog —Yea) =VCy (3.2)
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Figure 3.7: Set-up for column studies
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where,W' (kg) =(w, + w, ) weight of resin saturated with naringin, which vedtained from

peel boiled water column studies; (kg) = weight of naringin adsorbed on resin, was
obtained from equilibrium data, corresponding taaamtration of kinnow peel boiled water

used in adsorption column study, (kg) = weight of the resin without naringim,, = Initial
naringin content in the resim,,(kg/kg)= amount of naringin desorbed from the resin in

ethanol at equilibriumy (m®) = volume of ethanolC_(kg/m®) = final concentration of

naringin at equilibrium in ethanol solution.
The same procedure was adopted for fresh, drydamgped peels with resins PA-500 and

PA-800.
3.6.2. Desor ption kinetic studies

A weighed sample of filter paper dried resin (sated with naringin which was obtained
from adsorption column studies with kinnow peel l&di water) was used for kinetics
experiments. Another sample from the same batchtraasferred to an oven to determine
solid content during kinetic studies. The experiteamere conducted in 500 ml three-necked
round bottom flask fitted with the stirrer. Fivertdred ml of ethanol solution was taken in a
measuring flask, and 50 ml was removed by pipetiget exactly 450 ml solution. The filter
paper dried resin (saturated with naringin whichsvwadbtained from adsorption column
studies for kinnow peel boiled water) was trangf@iio the experimental flask and stirrer was
made on. About 2.0 ml of samples was drawn at miffetimes 7.5, 15, 30, 45, 60, 90, 120,
180, 240, 360, 600, and 1440 min. Samples wergyzedifor naringin content by following

the procedure mentioned in section 3.2. The sawmeedure was adopted for all the systems.
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3.6.3. Desor ption column studies

The desorption column studies were carried ouhadame setup (Figure 3.5), as used in
adsorption column studies. The column was filledhwiesin saturated with naringin
(obtained from adsorption column studies with kiwneel boiled water). The pure ethanol
was filled up to the sufficient height, and thewloate of the naringin-ethanol solution
coming out of column was kept constant at 2 ml/i88 x 10° m%s). Samples were
collected for 1 min at intervals of 60 min. Samplesre analyzed for naringin content
according to the procedure mentioned in section B2 same procedure was adopted for

fresh, dry, and dropped peels with resins PA-5@DR#A-800.

3.7. Distillation, filtration, and evaporation of desorbed naringin-ethanol solution

The simple distillation (Figure 3.8) was carried tm concentrate 1.5 litres of the desorbed
ethanol-naringin solution to about 150 ml. A Whatnféter paper no. 42 was used to filter

the concentrated ethanol-naringin solution. Thenfilrate was passed through a polyester
membrane syringe filter (size 0.45 um) followed daporation to recover naringin as a

solid.

Water Out
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3 Necked Flask
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bottom
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Figure 3.8: Set-up for simple distillation
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3.8. Regeneration of resin after ethanol desorption

To know the reusability of the resin after desamptithe resin was regenerated. Adsorption
equilibrium studies were carried out to have araidéthe extent to which the resin may be
reused for repeated cycles. Initially, the columasWilled with ethanol desorbed resin. The
warm (about 5%C) sodium hydroxide (NaOH) of morality 1M was filleup to a
predetermined height. The flow rate of the liquiteam leaving the column was kept
constant at a rate of 2 ml/min (3.3 x®13%s). The sodium hydroxide solution was passed
through the bed until the solution leaving the cmuwas colorless. It is an indication that
now there is no desorption of naringin, the resinstobtained was washed with distilled
water till complete removal of sodium hydroxide (\4). This resin is referred as

regenerated resin.

Studieswith regenerated resins:
All adsorption-desorption equilibrium, kinetic, afided bed column studies with regenerated

resins were carried out as per the same procedasesibed in the sections 3.5 and 3.6.

3.9. Recovery of Naringin

Recovery of naringin from the column (on the basfisnaringin present in KPBW) was
calculated by using the formula given below.

Recovery of naringin from KPBW

_ W. of obtained naringin x purity
liters of KPBW passed x conc. of naringin in KPBW

The purity of naringin sample was determined akwed: 0.5 g of the sample was dissolved
in 1 litre of distilled water. The concentration oéringin in solution was determined by

Davis test and purity was determined as

_ Concentration of solutionin ppm
50C
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3.10. Recovery of Pectin and characterization

Recovery of pectin (basis on pectin present in KBBWs calculated by using the formula

given below.

WL. of crude pectin x conc. of obtained pectin as AuA

Recovery of crude pectin — —
liters of KPBW passed x conc. of pectin in KPBW

Characterization of Pectin

The obtained pectin was characterized by estimatfoparameters Moisture content, Ash
content, Equivalent weight, Methoxyl content, Anlyghic acid, and Degree of

esterification (DE). These parameters were detexdhiby the following procedures.

Moisture content determination (Ranganna, 2005): An empty petri dish was dried in an
oven, cooled in a desiccator and weighed. Onetlgeopectin sample was transferred into the
crucibles in the oven and heated at 130°C for I'he petri dish was cooled to room
temperature in a desiccator and weighed.

of pectin sample after drying 100

Moisture content (%) . -
Wt. of pectin sample

Ash content determination (Ranganna, 2005): About 1 g of the pectin sample was
accurately weighed into a weighed empty crucibleasately. The crucible was placed in a
furnace and heated for 3-4 h at 600°C to burn bfth@ organic matter. The crucible was

taken out of the furnace and placed in a desic¢atoool and weighed.

Ash content (%) _ Wiof ash x100

Wt. of sample

Equivalent weight determination (Ranganna, 2005): Weighed 0.5 g pectin sample and

transferred into a 250 ml conical flask and 5 nhla@bl, 1.0 g sodium chloride were added.
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One hundred ml of distilled water and few dropgbénol red indicator were added to the
mixture. Care was taken to ensure that all theipdwd dissolved and that no clumping
occurred at the sides of the flask. After that, sodution was slowly titrated (to avoid
possible de-esterification) with 0.1 N NaOH to eoidp (pink color).

W. of pectin sample
ml of alkali x Normality of alkali

Equivalent weight = x1000

Methoxyl content (M C) determination (Ranganna, 2005): To the neutral solution titrated
for equivalent weight, containing 0.5g pectic sabsks, 25 ml of 0.25 N NaOH was added
and shaken thoroughly. It was allowed to standBfmin at room temperature in a stoppered
flask; after that 0.25 N HC| was added. The corstevere titrated with 0.1 N NaOH until the

end point reached (pink color).

Methoxyl content (%) _ml of alkali x Normality of alkali x 3.1
Wt. of sample

Anhydrounic acid(Ranganna, 2005): To determine the alkalinity of ash, the ash was
dissolved in 25 ml of 0.1 N HCI. The contents wieeated and cooled to a room temperature.
This mixture was titrated with 0.1 N NaOH using pbiphthalein indicator until the end

point was reached (orange color).

Alkalinity % as carbonate Volume of NaOH x Normality of NaOH x60x100
Wt. of ashx1000

Anhydrounic acid

_ 176(mealakli for freeacidxmealakli for soponification x metitrable ash)
W. of sample (mg)

x100
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where m.e is milliequivalent, Alkali for free adslobtained from ash alkalinity of ash, Alkali
for soponification is obtained from equivalent wsigletermination, and Titrable ash is

obtained from ash content determination

Degree of esterification (DE) (Ranganna, 2005): The DE of pectin was measured on the

basis of methoxyl and AuA content and calculatedising the formula.

176 x%methoxyl content »
31x %anhydrouni c acid

Degree of esterification (%) 100

Sourcesof errorsin experimental observations

1. The concentration of naringin and pectin wasmeined from calibration chart. The
millimetre part on the graph was read with a leasunt of 5 ppm. Further, on
spectrophotometer absorbance could be detected accauracy oft0.001. Thus an error of

10ppm may occur in any measurement.

2. The pipette of 0.1 ml with least count of 0.00llwas used for pipetting naringin solution.

During pipetting an error may occur: the solutioaymemain inside the pipette.

3. In kinetic studies, the samples were drawn Heréint times from agitating mixture. It
takes 25-45 (s) in withdrawing the sample from gitating mixture solution. During early
stages of a kinetic experiment change in solutemmcentration is very sharp (Particularly
when adsorbent loading is high). Therefore it wasyvtough to withdraw samples at

predetermined time intervals during the initialges.

4. In column study with the solution, the majorlgeon was to maintain a constant flow rate

of the outgoing solution.
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