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Abstract

A central composite design was used to determine effects of pH (2.0 — 4.5),
extraction temperature (70 — 907C) and time (120 — 24 0 min) on the yield, degree of
methyl esterification (DM) and galacturonic acid content (GA) of pectins extracted
from banana peels with citric acid. Changes in composition during the main steps of
pectin extraction were followed by Fourier transform infrared (FTIR) spectroscopy.
FTIR was also used to determine DM and GA of pectins. Harsh temperature and pH
conditions enhanced the extraction yield, but decreased DM. GA presented a
maximum value at 83°C, 190 min, and pH 2.7. The yield of galacturonic acid (YGA),
which took into account both the extraction yield and the pectin purity, was improved
by higher temperature and lower pH values. The optimum extraction conditions,
defined as those resulting in a maximum YGA while keeping DM at a minimum of

51%, were: 87C, 160 min, pH 2.0.

Keywords: polysaccharides; biopolymers; response surface methodology; banana;

pectin.



23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

1. Introduction

Bananas (Musa acuminata, AAA Group) are one of the most important fruit crops,
with a global annual production that surpassed 100 million tons in 2011 (The World
Banana Forum, 2014). Bananas are mostly consumed raw, and their processed
products include banana flour, chips, and puree (which can be used to produce
nectars, smoothies, and a variety of other products). Banana peels constitute about
30% of the fruit, and represent an environmental problem because of their large
nitrogen and phosphorus contents as well as their high water content, making them
highly susceptible to microbial degradation (Gonzalez-Montelongo, Lobo, &
Gonzalez, 2010). The use of banana peels as a source of high value compounds
such as pectin (Happi Emaga, Ronkart, Robert, Wathelet, & Paquot, 2008b),
cellulose nanofibers (Tibolla, Pelissari, & Menegalli, 2014), and phenolic compounds
(Gonzalez-Montelongo et al., 2010; Rebello, Ramos, Pertuzatti, Barcia, Castillo-
Munoz & Hermosin-Gutiérrez, 2014) is interesting not only from an economic point of

view, but also from an environmental perspective.

Some previous studies were carried out to investigate effects of process variables on
extraction of pectin from banana peels. Qiu, Zhao, Wu, Jiang, Li & Liu (2010)
investigated the effects of pH, extraction time, temperature, and salting out time on
pectin extraction by using an enzymatic method. Happi Emaga et al. (2008b)
evaluated the differences in pH, temperature and time on pectin extraction from
banana peels using sulfuric acid. However, no previous report has been found on

studying effects of process variables on pectin extraction from banana peels using
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organic acids, which are more interesting than strong mineral acids from an
environmental point of view (Chan & Choo, 2013; Pinheiro et al., 2008). Moreover,
because of their lower dissociation constant, organic acids have a lower hydrolyzing
capacity than mineral acids, so a lower de-polymerizing effect is expected from citric
acid when compared to strong mineral acids (Kermani et al., 2014). Pectin yields
from extraction of apple pomace, cocoa husks, and passion fruit peel with citric acid
were found to be similar to those obtained with hydrochloric acid (Canteri-Schemin,
Fertonani, Waszczynskyj, and Wosiacki, 2005; Chan & Choo, 2013; Kliemann et al.,

2009).

The objective of this study was to evaluate the influence of pH, temperature, and

time on pectin extraction from banana peels with citric acid.

2. Materials and Methods

2.1. Chemical composition of banana peel powder and changes in FTIR

spectra

Banana peels at ripening stage 6 (fully ripe bananas, ready for consumption) were
collected from Cavendish bananas purchased in the local market (Norwich, UK). The
peels were immersed in sodium metabisulfite solution (1% wi/v) for 24 h, oven-dried
at 60T for 24 h, and milled to 0.5 mm in a Retsch Brinkmann ZM-1 centrifugal

grinding mill (Retsch GmbH, Haan, Germany).

The ash, extractive, and Klason lignin contents of the banana peel powder were

determined according to methods TAPPI t413 OM-93 (TAPPI, 1993), TAPPI T204

4
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cm-97 (TAPPI, 1997), and TAPPI T222 om-22 (TAPPI, 2000), respectively.
Hemicellulose and a-cellulose contents were analyzed as described by TAPPI
T203cm-99 (TAPPI, 2009), and holocellulose, according to Yokoyama, Kadla, and

Chang (2002).

Fourier Transform Infrared (FTIR) spectra were collected from the banana peel
powder, the alcohol insoluble residue (AIR), and pectin, in the frequency range of
4000-800 cm™ (128 scans at 2 cm™" resolution) on a Nicolet Magna-IR 860 FTIR
spectrometer (Thermo Nicolet, Madison, WI, USA). Samples were placed on a
GoldenGate diamond ATR accessory (Specac, Orpington, Kent). The empty crystal
was used as reference. The spectra were compared in order to understand the

changes that occurred during the pectin extraction process.
2.2. Preparation of the alcohol-insoluble residue (AIR)

The pectin extraction follows a preparation of an alcohol insoluble residue, in order to
remove low molecular weight compounds, including traces of free galacturonic acid

(Happi Emaga et al., 2008b).

The alcohol insoluble residue (AIR) preparation was based on the method by
Waldron & Selvendran (1990), with some modifications. 100 g of milled peels were
washed three times with ethanol, to remove any alcohol soluble phenolics (the first
time with 600 mL of boiling 70% v/v ethanol solution for 5 min, the second time with
600 mL of boiling absolute ethanol for 5 min, the third time with 600 mL of absolute
ethanol at room temperature for 5 min), then washed in 200 mL acetone. Between
washings, the material was filtered through a 10 um nylon mesh. The AIR was air

dried at room temperature.
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2.3. Pectin extraction

The pectin was extracted from the AIR with citric acid solution (AIR: citric acid
solution ratio, 1:20 w/v), according to a central composite design (CCD) with 3
variables: pH of the citric acid solution, temperature and time of extraction (Table 1).
The extraction was carried out in a water bath under stirring (150 rpm). After
centrifugation (1147 g, 30 min, 10C), the supernata nt was vacuum filtered, added to
the same volume of absolute ethanol, and the pH was adjusted to 3.5 (pH of
minimum pectin solubility) with KOH. The mixture was stirred for 30 min, left to
precipitate at 4C for 2 h, and centrifuged (15 min, 4T, 3500 rpm). The pellet was
collected, washed with ethanol 70% (v/v), centrifuged again (20 min, 4C, 3500 rpm),
and dried at room temperature. It was then diluted/dispersed in water (Ystral, 20
min), had its pH adjusted to 7, and was again dried and milled to a fine powder using

a basic mill (A10, IKA GmbH, Germany).
2.4. Pectin characterization and statistical analyses

The degree of methyl esterification (DM) and the galacturonic acid content (GA) of
the banana peel pectin were determined from FTIR spectra (collected as previously
described). The DM was determined as described by Manrique & Lajolo (2002), with
some modifications. Pectin standards with known DM values of 31% (P-9311), 67%
(P-9436), and 89% (P-9561) were obtained from Sigma (Steinheim, Germany), their
FTIR spectra were recorded (in triplicates), as well as the spectra of four other
samples obtained from blends of the pectin standards (with DM values of 40, 49, 60,
and 78). The DM determination was based on the band areas at 1700-1750 cm"
(methyl esterified uronic acids, EUA) and 1600-1630 cm™ (free uronic acids, FUA),

6
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calculated by using Origin Pro 9, multiple peak fit function, Gaussian fitting
(OriginLab, Northampton, USA). A calibration curve was obtained by plotting DM
against the ratio between the EUA peak area over the sum of the EUA and FUA
peak areas of the standards, and used to determine the DM of the banana peel

pectin.

The determination of the galacturonic acid content (GA) was modified from the
method described by Monsoor, Kalapathy, & Proctor (2001). A set of 10 calibration
galacturonic acid standards was prepared by blending polygalacturonic acid (95%,
81325, Fluka) with cellulose (Sigmacell type 20, Sigma) to obtain standards with
galacturonic acid contents of 0% (pure cellulose) to 90% (w/w) galacturonic acid.
Peak areas were measured as the area above the baseline between 1840 cm™ and
1550 cm™', which was used to calculate the total carbonyl peak area (Monsoor,
Kalapathy, & Proctor, 2001). A calibration curve was obtained by plotting GA against
the total carbonyl peak area, and used to determine the GA of the banana peel

pectin.

The yield of galacturonic acid (YGA), which was calculated as

Yield(%)XGA(%)
100 ’ (1)

YGA (%) =
was considered as a good measure of the performance of the extraction process,
since it took into account both the extraction yield, but also the purity of the material

extracted.

Results of the extraction yield, degree of methyl esterification, galacturonic acid

content and yield of galacturonic acid were analyzed using the software Minitab® 16
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(Minitab Inc., State College, PA, USA). The regressions to represent the responses
were obtained and evaluated in terms of their determination coefficients (R? values)

and the significance of their F values.

3. Results and Discussion

3.1. Chemical composition of banana peel powder and changes in FTIR

spectra

The banana peel powder has less than 40% holocellulose, 48% of it being a-
cellulose (Table 2), and the remaining 52% being hemicelluloses and pectin. When
compared to the values reported by Oberoi, Vadlani, Saida, Bansal, & Hughes
(2011) for composition of banana peels, the carbohydrate contents reported in this
study were lower, while the extractives content was similar, and the ash and lignin
contents were higher (although Oberoi et al., 2011 have quantified only the acid
detergent lignin). Moreover, Oberoi et al. (2011) only mentioned the species Musa

acuminate, but they did not mention which banana cultivar group they used.

FTIR spectra of banana peel powder (BPP) was quite similar to the spectra reported
by Memon, Memon, Bhanger, Memon, El-Turki, & Allen (2008). Some bands are
related to the presence of cellulose, and decreased in isolated pectin (CH2 bending
bands at 1433, 1371, and 1322 cm'1). The AIR presented some bands with
decreased intensity when compared to BPP, such as those at 2920 cm™ (C-H
stretching vibration) and 2852 cm’’ (methoxyl groups), and are ascribed to removal
of lipid compounds and part of lignin fractions. The band at 2920 cm™ were further

decreased in isolated pectins, which may be attributed to removal of other
8
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polysaccharides (cellulose and hemicelluloses) and lignin. Some lignin-related bands
also disappeared (or decreased drastically) in pectin, such as at 2852 cm™ and the
shoulder at 1520 cm™ (aromatic skeletal vibration). The peak around 1610 cm
appears in BPP and AIR as a superposition of C=0 stretching vibration of
nonesterified carboxyl groups (pectin) with C=C aromatic skeleton stretching (lignin
fractions), and decreases in isolated pectin, because of lignin removal. The band at
1737 cm’', ascribed to the C=O stretching of methyl esterified uronic carboxyl
groups, is more intense and shifted to a lower wavenumber in isolated pectin. The
shifting is attributed to different absorption between bonded and free
polysaccharides, as in banana peel powder and isolated pectins respectively. Some
bands are more intense in isolated pectin, such as at 1218 cm™ (-CH3CO stretching),
1097 cm™ and 1023 cm™ (C-O and C-H stretching), 965 cm™ (C-O bending), 920
cm™ (rocking mode of —CHj3), and 889 cm™ (-CCH and —COH bending at the C-6

position).
3.3. Characterization of extracted pectins and statistical analyses

The calibration curves generated for the degree of methyl esterification (DM) and
galacturonic acid content (GA) are represented by Equations (2) and (4),

respectively, from which the DM and GA values for all treatments were calculated.

DM = 126.3R, + 2.493 (R? = 0.974) (2)
_ AEUA
Ry = ApuatArua (3)
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DM: degree of methoxyl esterification; Agya: area corresponding to the peak at 1700-1750 cm’”
(methyl esterified uronic acids); Arua: area corresponding to the peak at 1600-1630 cm™ (free uronic

acids).

GA: galacturonic acid content; A;ss0.1840: @rea above the baseline between 1840 cm™” and 1550 cm™,

corresponding to the total carbonyl peak area.

Table 3 presents the experimental responses for all the treatments described in
Table 1. Figures 2-5 represent the contour plots for the experimental responses,

whose regression equations and statistical parameters are presented in Table 4.

The extraction yield values ranged from 5.2 to 12.2% (w/w, based on dry weight of
AIR), within the range reported by Happi Emaga et al. (2008b). The yield was
increased by increasing temperatures and lowering pH (Figure 2, Table 4), while the
time did not have a significant impact (Table 4). The effects of pH and temperature
were similar to those described by Happi Emaga et al. (2008b), although those
authors have reported that time had a positive (and highly significant) effect on yield.
Other studies (Garna et al., 2007; Masmoudi et al., 2008; Wai, Alkharkhi, & Easa,
2010) also demonstrated that harsh conditions favored pectin extraction yield from

apple pomace, lemon by-product, and durian rind, respectively.

DM values from 43.5% to 79% have been obtained, a range similar to that reported
by Happi Emaga et al. (2008b) when extracting pectin from banana peels with
sulfuric acid, although higher values were expected in this study because of the
lower hydrolyzing capacity of citric acid (Kermani et al., 2014). In another study, the

same group (Happi Emaga, Robert, Ronkart, Wathelet, & Paquot, 2008a) reported

10
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the extraction of low- to high-methoxyl pectins from banana peels (depending on the
ripening stage) when using hydrochloric acid as an extractant. Lower temperatures
and times and higher pH values produced pectins with higher methyl esterification
(Figure 3, Table 4), corroborating findings by Garna et al. (2007), Happi Emaga et al.
(2008b), and Wai et al. (2010) for apple pomace, banana peels, and durian rinds,
respectively. This is ascribed to the higher de-esterification of the polygalacturonic

chain at harsh conditions of temperature and pH (Mort, Qiu, & Maness, 1993).

The galacturonic acid contents (GA) in the extracted pectins ranged from 53.1 to 86
g/100g, higher than the values reported by Happi Emaga et al. (2008b). Figure 4
indicates that GA was enhanced by increasing temperatures and times and
decreasing pH values up to an inflection point of maximum GA (about 83°C, 190 min,
pH 2.7, as assessed by the Response Optimizer function of Minitab), beyond which
the galacturonic acid contents were rather decreased. The existence of this inflection
point is related to the significant quadratic terms of the GA model (Table 4). This
behaviour (increasing GA up to a maximum point, followed by decreasing GA) may
be due to the combination of concurrent phenomena occurring during pectin
extraction with acid at high temperature: the release of sugars as a product of pectin
hydrolysis (which contributes to GA), and their degradation by acid and heat (Garna,
Mabon, Wathelet, & Paquot, 2004). Indeed, different studies have found different
behaviors for GA as a function of extraction conditions, probably because of the
predominance of one or the other of those two phenomena. Happi Emaga, Garna,
Paquot, & Deleu (2012) and Garna et al. (2007) reported an increased GA with
increasing extraction time and temperature. Chan & Choo (2013) found also that an

increasing extraction time resulted in higher uronic acid, while an increasing

1"
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temperature resulted in decreased GA. A very low pH (1.5) was demonstrated by
Garna et al. (2007) to result in higher extraction of low molecular weight compounds
(nonpectic substances or degraded fractions from pectins) from apple pomace when

compared to pH 2.0, i.e., the purity of extracts was impaired by too acidic conditions.

The yield of galacturonic acid (YGA) was improved by higher temperature and lower
pH values (Figure 5, Table 3), while the remaining terms were not significant (Table
4). In order to optimize the extraction, the Response Optimizer function of Minitab
was used to define the conditions which produced a maximum YGA while keeping
the degree of methoxylation high enough (minimum DM of 51%). Those conditions
were defined as 87C, 160 min, pH 2.0. The suitability of the models to predict the
responses was tested by performing the pectin extraction under the selected
optimum conditions. The experimental values were found to be in agreement with

the predicted ones (Table 5).

4. Conclusions

Pectins were successfully extracted from banana peels with citric acid, under
different conditions of pH, temperature and extraction time. Harsh temperature and
pH conditions resulted in higher extraction yield, but at the cost of decreasing the
degree of methyl esterification from a maximum of 79% to a minimum of 43%. The
optimum conditions of pectin extraction, defined as those which produced a
maximum yield of galacturonic acid while keeping a degree of methoxylation of at

least 51%, were: 87C, 160 min, pH 2.0.

12



244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

5. Acknowledgements

The authors gratefully acknowledge the financial support of the UK Biotechnology &
Biological Sciences Research Council (BBSRC) and the Brazilian Agricultural
Research Corporation (Embrapa). Authors also thank the National Counsel of
Technological and Scientific Development (CNPq, Brazil) for the Research
Productivity Fellowship (304179/2012-4) granted to H.M.C. Azeredo, and for the
scholarships granted to T.I.S. Oliveira (228859/2013-1) and P.H.F. Pereira

(243244/2013-4),

6. References

Canteri-Schemin, M.H., Fertonani, H.C.R., Waszczynskyj, N., & Wosiacki, G. (2005).
Extraction of pectin from apple pomace. Brazilian Archives of Biology and

Technology, 48, 259-266.

Chan, S.-Y., & Choo, W.-S. (2013). Effect of extraction conditions on the yield and

chemical properties of pectin from cocoa husks. Food Chemistry, 141, 3752-3758.

Garna, H., Mabon, N., Robert, C., Cornet, C., Nott, K., Legros, H., Wathelet, B., &
Paquot, M. (2007). Effect of extraction conditions on the yield and purity of apple
pomace pectin precipitated but not washed by alcohol. Journal of Food Science, 72,

C1-C9.

13



262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

Garna, H., Mabon, N., Wathelet, B., & Paquot, M. (2004). New method for a two-step
hydrolysis and chromatographic analysis of pectin neutral sugar chains. Journal of

Agricultural and Food Chemistry, 52, 4652—4659.

Happi Emaga, T., Garna, H., Paquot, M., & Deleu, M. (2012). Purification of pectin
from apple pomace juice by using sodium caseinate and characterisation of their

binding by isothermal titration calorimetry. Food Hydrocolloids, 29, 211-218.

Happi Emaga, T., Robert, C., Ronkart, S.N., Wathelet, B., & Paquot, M. (2008a).
Dietary fibre components and pectin chemical features of peels during ripening in

banana and plantain varieties. Bioresource Technology, 99, 4346-4354.

Happi Emaga, T., Ronkart, S.N., Robert, C., Wathelet, B., & Paquot, M. (2008b).
Characterisation of pectins extracted from banana peels (Musa AAA) under different

conditions using an experimental design. Food Chemistry, 108, 463-471.

Gonzalez-Montelongo, R., Lobo, M.G., & Gonzalez, M. (2010). Antioxidant activity in
banana peel extracts: Testing extraction conditions and related bioactive

compounds. Food Chemistry, 119, 1030-1039.

Kermani, Z.J., Shpigelman, A., Kyomugasho, C., Van Buggenhout, S., Ramezani,
M., Van Loey, A., & Hendrickx, M.E. (2014). The impact of extraction with a chelating
agent under acidic conditions on the cell wall polymers of mango peel. Food

Chemistry, 161, 199-207.

Kliemann, E., Simas, K.N., Amante, E.R., Prudéncio, E.S., Tedfilo, R.F., Ferreira,

M.M.C., & Amboni, R.D.M.C. (2009). Optimisation of pectin acid extraction from

14



283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

passion fruit peel (Passiflora edulis flavicarpa) using response surface methodology.

International Journal of Food Science & Technology, 44, 476-483.

Manrique, G.D., & Lajolo, F.M. (2002). FT-IR spectroscopy as a tool for measuring
degree of methyl esterification in pectins isolated from ripening papaya fruit.

Postharvest Biology and Technology, 25, 99-107.

Masmoudi, M., Besbes, S., Chaabouni, M., Robert, C., Paquot, M., Blecker, C., &
Attia, H. (2008). Optimization of pectin extraction from lemon by-product with
acidified date juice using response surface methodology. Carbohydrate Polymers,

74, 185-192.

Memon, J.R., Memon, S.Q., Bhanger, M.l., Memon, G.H., EI-Turki, A., & Allen, G.C.
(2008). Characterization of banana peel by scanning electron microscopy and FT-IR
spectroscopy and its use for cadmium removal. Colloids and Surfaces B:

Biointerfaces, 66, 260-265.

Monsoor, M.A., Kalapathy, U., & Proctor, A. (2001). Determination of
polygalacturonic acid content in pectin extracts by diffuse reflectance Fourier

transform infrared spectroscopy. Food Chemistry, 74, 233-238.

Mort, A.J., Qiu, F., & Maness, N.O. (1993). Determination of the pattern of methyl
esterification in pectin. Distribution of contiguous nonesterified residues.

Carbohydrate Research, 247, 21-35.

Oberoi, H.S., Vadlani, P.V., Saida, L., Bansal, S., & Hughes, J.D. (2011). Ethanol
production from banana peels using statistically optimized simultaneous

saccharification and fermentation process. Waste Management, 31, 1576-1584.
15



305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

Pinheiro, E.R., Silva, .M.D.A., Gonzaga, L.V., Amante, E.R., Tedfilo, R.F., Ferreira,
M.M.C., & Amboni, R.D.M.C. (2008). Optimization of extraction of high-ester pectin
from passion fruit peel (Passiflora edulis flavicarpa) with citric acid by using response

surface methodology. Bioresource Technology, 99, 5561-5566.

Qiu, L., Zhao, G., Wu, H., Jiang, L., Li, X., Liu, J. (2010). Investigation of combined
effects of independent variables on extraction of pectin from banana peel using

response surface methodology. Carbohydrate Polymers, 80, 326-331.

Rebello, L.P.G., Ramos, A.M., Pertuzatti, P.B., Barcia, M.T., Castillo-Mufioz, N., &
Hermosin-Gutiérrez, |. (2014). Flour of banana (Musa AAA) peel as a source of

antioxidant phenolic compounds. Food Research International, 55, 397-403.

TAPPI. (1993). T413 om-93. Ash in wood, pulp, paper and paperboard: combustion

at 900°C.

TAPPI. (1997). T204 om-97. Solvent extractives of wood and pulp.

TAPPI. (2000). T 222 om-02. Acid-insoluble lignin in wood and pulp.

TAPPI. (2009). T 203 cm-99. Alpha-, beta- and gamma-cellulose in pulp.

The World Banana Forum. (2014). Production data. URL

http://www.fao.org/economic/worldbananaforum/productionO/en/. Accessed

11.12.14.

Tibolla, H., Pelissari, F.M., & Menegalli, F.C. (2014). Cellulose nanofibers produced
from banana peel by chemical and enzymatic treatment. LWT — Food Science and

Technology, 59, 1311-1318.
16



326

327

328

329

330

331

332

333

Wai, W.W., Alkarkhi, A.F.M., & Easa, A.M. Effect of extraction conditions on yield
and degree of esterification of durian rind pectin: An experimental design. Food and

Bioproducts Processing, 88, 209-214.

Waldron, K.W., & Selvendran, R.R. (1990). Composition of the cell walls of different

asparagus (Asparagus officinalis) tissues. Physiologia Plantarum, 80, 568-575.

Yokoyama, T., Kadla, J.F., Chang, H.-M. (2002). Microanalytical method for the
characterization of fiber components and morphology of woody plants. Journal of

Agricultural and Food Chemistry, 50, 1040-1044.

17



334
335

336

337

338

339

340

341

Figure captions:

Figure 1. FTIR spectra of banana peel powder, alcohol insoluble residue (AIR), and

pectin obtained at 80°C, 180 min, pH 3.25 (treatment 15).

Figure 2. Yield of pectin extraction from banana peels.

Figure 3. Degree of methyl esterification of pectins from banana peels.

Figure 4. Galacturonic acid contents of pectins extracted from banana peels.

Figure 5. Yields of galacturonic acid from pectin extraction from banana peels.
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Table 1

1 Table 1. Experimental conditions of pectin extraction with citric acid, with coded

2 values according to the CCD design, and corresponding real (experimental) values.

Independent variables

Treatment Temperature Time pH

Coded Real (°C) Coded Real (min) Coded Real

1 -1 74 -1 144 -1 2.51
2 1 86 -1 144 -1 2.51
3 -1 74 1 216 -1 2.51
4 1 86 1 216 -1 2.51
5 -1 74 -1 144 1 3.99
6 1 86 -1 144 1 3.99
7 -1 74 1 216 1 3.99
8 1 86 1 216 1 3.99
9 -1.68 70 0 180 0 3.25
10 1.68 90 0 180 0 3.25
11 0 80 -1.68 120 0 3.25
12 0 80 1.68 240 0 3.25
13 0 80 0 180 -1.68 2.00
14 0 80 0 180 1.68 4.50
15 0 80 0 180 0 3.25
16 0 80 0 180 0 3.25
17 0 80 0 180 0 3.25




Table 2

1 Table 2. Composition of banana peel powder on dry matter basis.

Component Content (g/100 g)
Ashes 11.54 £ 0.19
Extractives 30.65 + 3.83
Klason lignin 16.77 £ 4.61
Holocellulose 39.02 £ 6.63
a-cellulose 18.74 +3.18
Hemicelluloses + pectins 20.28 £7.35

2 Values presented are mean * standard error for n = 3.



Table 3

1 Table 3. Experimental responses for the 17 pectin extraction treatments.

Treatments  Yield (%) Degre_e of Galacturonic acid Yiel_d of galacturonic
methylation (%) content (g/100 g) acid (g/100 g AIR)
1 7.86 70.54 56.86 4.47
2 12.21 60.38 77.74 9.50
3 7.71 68.75 70.17 5.41
4 11.21 43.45 85.99 9.64
5 5.56 76.08 53.08 2.95
6 9.14 65.42 64.60 5.91
7 5.86 76.61 62.18 3.64
8 9.86 51.97 68.01 6.70
9 5.21 78.96 62.93 3.28
10 10.36 61.84 73.95 7.66
11 7.13 69.74 66.70 4.76
12 7.41 71.03 72.77 5.40
13 10.86 62.24 77.80 8.45
14 5.21 68.00 68.89 3.59
15 8.14 70.78 82.65 6.73
16 6.21 69.74 83.46 5.19
17 7.14 72.71 85.75 6.13




Table 4

1 Table 4. Regression equations (for the coded variables) and statistical parameters of

2 the models.

Equations F R?

Yield =7.11 +1.76 x + 0.03y—1.32z + 0.43 x* + 0.25 y* + 0.52 2* —

8.25 (p<0.01) 0.91
0.06 xy — 0.03 xz + 0.27 yz

DM=71.35-729x-216y+268z—-120x*-1.21y*—3.07 2 —

4.70 (p =0.027) 0.86
3.64 xy + 0.02xz+0.73 yz

GA=8411+532x+3.24y-4.242-6.01 x°-5.55y* —4.28 2 —

10.59 (p<0.01)  0.93
1.34 xy— 242xz—-1.13 yz

YGA=598+1.66x+0.27y-1.322-0.07x*-0.21y*+0.122° -

13.70 (p<0.01)  0.95
0.09xy— 0.41xz+0.05yz

3 DM: degree of methyl esterification; GA: galacturonic acid content; YGA: vyield of galacturonic acid; x:

4 temperature; y: time; z: pH. x, y, and z: coded values ranging from -1.68 to 1.68, according to Table 1.
5  Regression terms in bold were significant (p<0.05).



Table 5

1 Table 5. Predicted and experimental response values at optimum conditions (87°C,

2 160 min, pH 2.0).

Response Predicted value = Experimental value*
Yield (g/100 g AIR) 13.89 14.23 £ 1.19
DM (%) 51.79 53.73 £ 2.89
GA (g/100 g) 78.12 7591 +4.17
YGA (g/100 g AIR) 11.07 10.81+£1.16

3 DM: degree of methyl esterification; GA: galacturonic acid content; YGA: yield of galacturonic acid. * Mean *

4 standard deviation for 3 repetitions.
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Figure 2 (B&W)
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Figure 2 (colors)
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Figure 3 (B&W)
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Figure 3 (colors)
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Figure 4 (B&W)
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Figure 4 (colors)
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Figure 5 (B&W)
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Figure 5 (colors)
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