ISSN : 0974 -

. %

(5
Ted @M‘

7435 Volume 9 Issue 7

LioSechn o/oyy

A Indian Yournal

—===m> FyLL PAPER
BTAIJ, 9(7), 2014 [273-279]

Recovery of phenolic antioxidants from the peel fraction of bilberry

(Vaccinium myrtillus L.) processing waste

Antonio Zuorro, Roberto L avecchia*
Department of Chemical Engineering, M aterials& Environment, Sapienza University,
ViaEudossana 18,00184 Rome, (ITALY)

E-mail : roberto.lavecchia@uniromal.

ABSTRACT

The extraction of phenolic compounds from the peel fraction of bilberry
processing waste wasinvestigated. The phenolic content of bilberry peels
was 25.3+2.4 mg GAE per gram dry weight and the flavonoid content was
2.85+0.42 mg QE per gram dry weight. Extraction experiments were carried
out in batch mode, using ethanol-water mixtures as solvent. A central
composite design was used to study the effects of liquid-to-solid ratio (R
=20-40 mL g '), agueousethanol concentration (C=30-70 vol%), extraction
time (E = 90-210 min) and temperature (T = 30-50 °C) on the recovery of
phenolic compounds. Under the best conditions (R=40mL g, C=70%,
E=210minand T =50°C) over 95% of the phenolics present in the waste
wererecovered. R, C and T were the most influential factorsand all had a
positive effect on the extraction efficiency. Based on the statistical analysis
of thedata, asimplified model was devel oped which provided an accurate
estimation of the extraction yields both inside and outside the design
space. Overall, the results of this study strongly support the potential of
bilberry processing waste as a source of natural antioxidants and give
useful directions on how to improve recovery by proper selection of
extraction conditions. © 2014 Trade ScienceInc. - INDIA
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INTRODUCTION

In recent years, increasing awareness of the
environmental impact of agricultura and food wastes
hasstimulated effortstofind poss blewaysof usngthem
for energy production or other purposesy. The
production of biofuessuch asethanol? and biodiesdl®,
therecovery of functional compounds*® and the use
as low-cost adsorbents™ are just afew examples of
the approachesthat have been proposed.

Bilberry (VacciniummuyrtillusL.) isasmdl perennid
shrub nativeto northern Europe but now found in many
partsof theworld, includingAustralia, NorthAmerica
andAsa. Bilberry fruitshaveadiameter of 5to 9 mm,
arebluish black in color and possessasweet and dightly
acidictaste. Amongwild berries, bilberriesaretherichest
in phenolic compounds, particularly anthocyanins,
flavanols, tannins and phenolic acidg®!?. These
substances are considered to be responsible for
numerous health benefits such as protection from UV
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radiation™ and decreased risk of cardiovascular,
neurodegenerativeandinflammatory diseases?2%3. The
observed beneficid effectsare generally attributed to
theanti oxidant and metd-chd ating propertiesof phenolic
compounds, but recent evidence suggests that
modulating effectson cell signalling, geneexpression
and DNA repair could al so beinvolvedi*9,

Bilberriesareusualy sold asfreshwholeberriesor
processed into juice and juice concentrates that are
subsequently used to produce beverages, syrupsand
other food products. Processing of bilberriesgenerates
awaste consisting mainly of thefruit seedsand peels.
Thiswaste hasno commercia valueandiscurrently
disposed of in landfill or used for animal feeding.
Nevertheless, itisan extremdly rich source of bioactive
substancesthat could be recovered and used for food
or pharmaceutical applications. Studies on the
distribution of these componentsin different parts of
thefruit have shown, infact, that they predominantly
accumulateinthefruit ped . For example, theanthocyanin
content in the peel s of bilberrieswasfound to be over
20timeshigher thaninthe pulp and asimilar organ-
specific distribution was observed for quercetin and
hydroxycinnamic acidg'®. However, despite these
interesting findings, littleattention hassofar beengiven
to theexploitation of bilberry or other berry wastesfor
recovery purposest’el,

The aim of this research was to evaluate the
feasibility of recovering phenolic antioxidantsfrom
bilberry processng wasteby an environmentaly friendly
procedure based on the use of agueous ethanol as
extraction solvent. In addition, wewereinterested in
investigating theeffect of themain process parameters
(solvent composition, temperature, extractiontimeand
liquid-to-solid ratio) on the extraction yield and the
characteristics of theresulting products.

EXPERIMENTAL

Chemicalsand reagents

Ethanol (CAS64-17-5), methanol (CAS 67-56-
1), sodium carbonate (CAS497-19-8), hydrochloric
acid (CAS 7647-01-0), sodium acetate (CAS 127-
09-3) and aluminum chloride (CAS 7446-70-0) were
obtained from Carlo Erba(Milano, Italy). Gallicacid
(CAS149-91-7), quercetin (CAS 117-39-5) and the
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Folin-Ciocateu’s phenol reagent were purchased from
Sigma-Aldrich (Milano, Italy). All chemicals were
reagent grade and used without further purification.
Aqueous solutionswere prepared with distilled water.

Plant material

Bilberry processng wastewasobta ned from Rigoni
di Asiago SPA (Asiago, VI, Italy). Thematerial was
previously passed through asteel screen to separate
the ped sfromthe seedsand other debris. Bilberry peds
were packed in plastic bags and stored at —20 °C.
Before performing aset of experiments, an gppropriate
amount of thefrozen materid wasthawedinair at room
temperature and assayed for moisture, total phenolic
andtota flavonoid contents.

Analytical methods

M oi sture content was determined by an e ectronic
moistureanadyzer (model MAC 50/1, Radwag, Poland).
A three-stage extraction procedurealowing complete
exhaustion of the solid was used to evaluatetheinitial
phenadlicand flavonoid content of bilberry ped %9, Briefly,
1 g of peelsand appropriate amounts of solvent (100,
50 and 20 mL in the first, second and third stage,
respectively) were poured into glassflasksthermostated
a 40°C and stirred for 90 min. After 90-min stirring, the
resulting suspensonwasfiltered a 0.45 pm and assayed
for tota phenolicsand flavonoids. Aqueousethanol (50%
v/V) was used as extraction solvent and thetota amount
of phenolicsor flavonoidswas determined asthesum of
thevaluesobtainedin each stage.

Total phenolics were determined by the Folin
Ciocdteu’s method. Five mLof 0.1 M HCI, 150 pL of
Folin-Ciocalteu’s reagent and 200 pL of the sampleto
betested were poured into agraduated glassvia and
an agueous sodium carbonate sol ution (20% w/v) was
added to a final volume of 10 mL. The via was
thoroughly shaken and kept in the dark at room
temperaturefor 1 h. Then, the absorbance at 525 nm
was measured with a colorimeter (HI83742, Hanna
Instruments, Itdy). Theresultswereexpressed asgallic
acid equivalents (GAE), using a calibration curve
obtained with gallic acid standards.

Total flavonoidswere determined as described by
Chang et a . with somemodifications. 300 uL of the
sampleto betested were poured into an optical glass
cuvettetogether with 900 uLL methanol, 60 uLL duminum
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chlorideat 10% (w/v), 60 uL. of 1 M sodium acetate
and 1.7 mL distilled water. The cuvette was shaken
and kept inthedark at room temperaturefor 30 min.
Then, theabsorbanceat 415 nmwas measured against
ablank of ditilled water by adouble-beam UV-VIS
spectrophotometer (Lambda 25, Perkin EImer, USA).
Theresultswere expressed as quercetin equiva ents
(QE), usngacdibration curve obtained with quercetin
standards.

Extraction procedure

The extraction of phenolic antioxidants was
performed in batch mode using ethanol-water mixtures
asthe solvent. Appropriate amounts of bilberry peels
and the sol vent wereloaded into 50 mL screw-top pyrex
flasks. The flasks were placed in a water bath
thermostated at +0.1 °C and were magnetically stirred.
At thedesired time, asampleof theliquid wastaken,
passed through a45-um nylonfilter and assayed for
phenoalic content.

Influential factor analysis

A central composite design was used to evaluate
theeffectsof thefour factors: liquid-to-solidratio (R),
aqueous ethanol concentration (C), extractiontime (E)
and temperature (T) on the recovery of phenolic
antioxidants. Thelevelsof each factor werechosento
cover arangeof valuesof practical interest (TABLE 1)
and thetest variableswere coded to vary between—1
and +1 usingthefollowing equations.

TABLE 1: Natural and coded levelsof thefactorsfor the
central compositedesign.

Factor level
Factor —— Unit
-1 0 +1
Liquid-to-solid ratio (R) 20 30 40 mLg*
Solvent composition (C) 30 50 70 vo%
Extraction time (E) 90 150 210 min
Temperature (T) 30 40 50 °C
R-30
X, =
10
C-50
X, =
20
E - 150
X3 = 80 (1)
T -40
X, =
10

Four replicates at the central point of the
experimental domain (x, = x, = X, = X, = 0) were
carried out to estimate the experimentd error and check
the adequacy of the models. Overall, the design
consisted of 2* +4=20runs, whichwereperformedin
random order to eliminate possible bias(TABLE 2).
Additiona runswere made outside the experimentd
design region to validate the devel oped model. The
extraction yield of phenolic compounds (y), expressed
as mg GAE per gram dry weight, was used as the
responsevariable.

TABLE 2 : Experimental design layout and observed

response. y istheextraction yield of phenolic compoundsand
x’s are the coded levels of factors.

Tria Factor level Response
X1 X2 X3 Xa y (MgGAE g™
1 -1 -1 -1 -1 14.32
2 +1 -1 -1 -1 15.98
3 -1 +41 1 -1 17.18
4 +1 +1 1 -1 20.00
5 -1 1 +1 -1 15.26
6 +1 -1 +1 -1 16.14
7 -1 +1 +1 - 17.48
8 +1 +1 +1 -1 19.04
9 -1 -1 -1 +1 20.56
10 +1 -1 -1 +1 22.17
11 -1 +1 -1 +1 20.07
12 +1 +1 -1 +1 23.94
13 -1 1 +1 +1 20.94
14 +1 -1 +1 +1 22.46
15 -1 +1 +1 +1 21.96
16 +1 +1 +1 +1 24.10
17 O 0 0 o 22.52
18 O 0 0 o 22.47
19 O 0 0 o 21.17
20 O 0O 0 o 22.41

Statistical analysiswas performed by Minitab®
(verson 15, MinitabInc, PA, USA).

RESULTSAND DISCUSSION

Characterization of bilberry peds

Theinitial moisture content of bilberry peelswas
52.4+ 1.3 (% w/w). The total phenolic content was
25.3+ 2.4 mg GAE per g dry weight (1204 + 129 mg
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GAE per 100gram fresh weight) and thetota flavonoid
content was2.85+ 0.42 mg QE per g dry weight (135.7
+ 24.3 mg QE per 100 gram fresh weight). The
percentages of phenolicsand flavonoidsextractedin
each stageareshowninFigure 1.
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b=
Q L
T 60
¥ L
| =
il b
o 40
E L
X [ 224
50 | 16.5
F 43 31
0
1 2 3

Extraction stage

Figurel: Percentagesof phenolicand flavonoid compounds
recovered from bilberry peels in the three stages of
extraction.

A review of theliteraturereved sthat the phenolic
content foundin bilberry pedlsisgenerally higher than
that reported for similar agro-industrial wastes. For
example, vauescloseto 14 mg GAE/g dry matter were
determined for grape pomace®! and carrot peel
waste?, A total phenolic content of 8.2and 11.4 mg
GAE/gdry matter was measured, respectively, for kiwi
and apple ped wastes?, Findly, valuesranging from
17.7 to 35.5 mg/g are reported for spent coffee
grounds®*9. Therefore, based on the phenolic content,
we can concludethat bilberry processing waste can be
regarded asapotentially valuable source of phenolic
antioxidants.

Phenolic extraction and influential factor analysis

TABLE 2 shows the results of the experimenta
design, whichwasamed at investigating the effects of
liquid-to-solidratio (R), agueousethanol concentration
(C), extraction time (E) and temperature (T) on the
extractionyied (y) of phenolic compoundsfrombilberry
peels. Theobserved yieldsranged from 14.32t024.1
mg/g and the maximum va ue, correspondingto 95.2%
of the phenolic compounds contained in the starting
materid , wasachieved under thefollowing conditions R
=40mL/gand C=70%, E=210minand T =50 °C.

To evauatethe contribution of thefour factorsand
thairinteractionstotheextractionyid dweusedthefallowing
polynomid equeation, referred to asthefull modd :

4 4 4 4 4 4
y=B, +2Bixi +z Zﬂijxixj +Z Z ZﬂiijinXk +

i=1 i=1j=i+1 i=1 j=i+1k=j+2
B1234X1X2X (2)
where B, arethe coefficients associated with the four
main effects, B, and B, arethoserelated to thebinary
and ternary interactions, ..., is the quaternary
interaction coefficient and the X’s are the coded
independent variables. Thepolynomia model contains
16 unknown coefficients, representing the contribution
of each factor, doneor in combination with theothers,
to y. Since the independent variables were made
dimens onlessand normalized between—1 and +1, all
the coefficients can be compared directly with one
another. Furthermore, apostive (negative) vaueof a
coefficient indicates a direct (inverse) association
between the corresponding term and the dependent
variable. The 16 coefficientswere determined fromthe
data of runs 1-16 in TABLE 2, giving the results
reported inTABLE 3.

TABLE 3: Valuesand t-statisticsfor the coefficientsin Eq. (2). Satigtically significant coefficients (at the 95% confidence

level) arerepresented in bold.

Coefficient Effect Value t-value Coefficient Effect Value t-value
Bo - 19.473 199.464 B3 C-E -0.025 0.252
By R 1.005 10.293 B4 C-T -0.503 5.152
B2 C 0.996 10.202 Bas E-T 0.143 1.460
B3 E 0.198 2.030 Bi23 R-C-E -0.133 1.364
B4 T 2.551 26.126 B124 R-C-E 0.065 0.663
Bz R-C 0.295 3.025 B134 R-C-E 0.014 0.143
B3 R-E -0.242 2.476 Baz4 R-C-E 0.197 2.013
B4 R-T 0.139 1.428 B2 R-C-E-T -0.073 0.751
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To assessthe statistical significance of the model
coefficients, wefollowed the proceduredescribedina
previous paper’?. In particular, thestandard deviation
of theexperimental responsewasfirst estimated from
the central pointsof thefactorial design (runs17-20 in
TABLE 2). Then, the 95% confidenceinterva of each
coefficient was determined by the Student’s t-test and
the coefficientswith confidenceinterva snot spanning
zerowereconsdered satistically sgnificant (p< 0.05).

AsshowninTABLE 3, 9x out of the 16 coefficients
were statistically significant at the confidence level
congdered. Inadditiontotheintercept, 3, they included
three of thefour coefficientsassociated withthemain
effects(R, C, T) and twointeraction coefficients (R-C,
C-T). From the Pareto chart presented in Figure 2, the
following considerationscan bemade: (a) dl thethree
main factors, temperature, ethanol concentration and
liquid-to-solid ratio, have apositive effect on phenolic
extractionand their influenceincreasesintheorder T >
R> C; (b) theinteraction between Cand T isstronger
than that between R and C; (c) there is a negative
interaction between C and T, and a weak positive
interaction between R and C. Thus, an increase in
solvent concentration hasamore pronounced effect on
therecovery of phenolicsat lower temperature, while
theoppositeistruefor Rand C.

Itisinterestingto notethat, under the experimental
conditions examined, the extraction time was not a
significant factor. Thismay indicate that most of the
phenolic compounds present in bilberry peels are

Index | Factor | B,

1 R

2 C

3 E | 8.

4 T

| B.
1 8.
Bae [
2 1 0 1 2

Coefficient value

Figure?2: Paretochart showing theeffectsof the significant
mode coefficientson the phenolic extraction yield.

extracted withinthefirst 90 min, whichisthelower level
of thetimefactor sudied. Similar resultswereobtained
inother gudiesontherecovery of phenolicor carotenoid
compoundsfrom agricultural wastesand attributed to
their high affinity for theextraction sol vent, whichwould
adlow their dmost completerecovery inashort time?2l,
From apractica viewpoint, thismeansthat increasing
timeto get aquantitativeextractionisnether technicaly
appropriate nor economically justified.

Thepositive effects of temperature and liquid-to-
solid ratio can be explained by considering that an
increaseintemperaturefacilitatesthereleaseof phenolic
compoundsfromthe plant tissueand that higher liquid-
to-solid ratiosimprovethemass-transfer of thedissolved
substances from the solid to the solvent!?”.

Fndly, theobserved enhancement inyieldsat higher
ethanol concentrationisinagreement withtheresultsof
studieson theextraction of phenolicsfrom other types
of materidss, such aspeanut skind®, oliveleavesd? and
byproductsof kiwifruit juicing™. Such effectisprobably
due to an averagely higher affinity of phenolic
compounds for ethanol than for water®Y, However,
other solvent-rel ated mechanisms, such astheswelling
of the plant matrix, could also beinvolved. Swelling
results from the adsorption of solvent components,
particularly thosewithsmal molar volume, high hydrogen
bonding capability and large basi city, such asethanal,
on the hydroxyl and carboxyl groups of cellulose
fiberg®d. The adsorbed sol vent molecul es produce a
partial separation of thefibers, whichincreases solvent
penetration into the matrix and favorstherecovery of
extractable compounds®.

By removing the non-significant termsfromthefull
model, thefollowing s mplified express onwasderived:
y=BO+B1X1+B2X2+B4X4+B12X1X2+B24X2X4 (3)

Thesx coefficientsin Eq. (3) wereestimated from
the experimental data by |east-squares regression
analysis. A very good agreement wasfound between
experimental and calculated yieds (Figure 3), withan
average percentage error of 1.8% and an R?-va ue of
0.977.

Tofurther vadidatethe modd, theresultsof experi-
ments performed outsi detheregion of experimentation
delimited by thefactoria points, under the conditions
reported in Table 4, were compared with the values
predicted by Eq. (3).
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Figure3: Experimental and calculated (by Eq. 3) phenolic
extraction yields.

28

Asapparent from FHgure4, fiveof thesix datapoints
fell within the 15%-deviation band, demonstrating the
good predictive capabilitiesof themode. Finaly, the
reduced model residuals, defined as the difference
between experimenta and calculated yields:

Pi =VYiep ~VYicac (4)
were cd culated and plotted against the corresponding
normal-order Satisticsmedians:

af i
Hi=F (m) (5)

where Fisthestandard normal cumulativedistribution
function and nisthetota number of experimenta points.
If theerrorswerenormally distributed, plotting p, against
u wouldgiveastraght line. Incontrast, deviationsfrom
linearity would indicate that the model residualsdo not
follow anormal-probability distribution®. From the
resultsin Figure 5 it can be seen that ahighly linear
pattern (R? = 0.956) is obtained. Accordingly, the
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Figure4: Experimental and predicted (by Eq.3) phenolic
extraction yidds. Thedashed linesrepresent £ 15% deviation
from thebisectingline.
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Figure5: Normal probability plot showing thedependenceof
theordered resduals(p,) on thecor responding nor mal-or der
statisticsmedians (u).

TABLE 4: Observed (y) and predicted (ypred) extraction yieldsof phenolic compoundsunder conditionsoutsidethedesign

space.
Trial R (mL g™ C (vol%) E (min) T (°C) y (MgGAE g™) Yored (NGGAE g™)
A 30 50 150 60 25.85 24.57
B 30 50 30 40 18.50 19.47
C 30 50 270 40 19.59 19.47
D 30 20 150 40 17.80 21.46
E 10 50 150 40 16.77 17.46
F 50 50 150 40 23.33 21.48
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samplified mode described by Eq. (3) canbeconsidered
datigticdly sgnificant and used to describetheinfluence
of process conditions on the recovery of phenolic
compoundsfrom bilberry pedls.

CONCLUSIONS

This study demonstrates that the peel fraction of
bilberry wasteisarich source of phenolic antioxidants
and that these compounds can beeasily recovered by
anenvironmentdly friendly procedure based onthe use
of agueousethanol asextraction solvent. Wehavedso
shown that, by proper choice of process conditions,
therecovery of these compounds can reach valuesas
high as 95% of theinitid phenolic content. Inaddition,
theinfluentid factor andys sperformed andthesmplified
modd devel oped can provide useful suggestionson how
to improvetherecovery of phenolic compounds.

At present, considerable amounts of bilberry or
other wild berry processing wasteare produced in many
parts of the world and disposed of as conventional
waste. Thepossibility of usngthesewaste materiasas
asource of valuableantioxidant compounds could not
only provide significant economic benefits to the
producersbut a o contributeto reducetheir impact on
theenvironment.
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