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Deactivation of Bromelain in Pineapple Juice and analysing its
Physico-Chemical and Organoleptic properties for successful
commercialization via FMCG Industries in Indian Subcontinent.

Bhaskar Mitra’ Abstract: The plan of this investigation was formulated to study the biochemical
and physical aftributes of juice exiracted from the pulp which has high sugar
Kunal Garg' (glucose and fructose) content and adequate moisture. Pineapple confers health

benefit on the host as it contains huge quantities of vitamin C and other
antioxidants. Deactivation of bromelain was also performed so that there are no
hindrances in the juice manufacturing process. Sodium meta-bisulphite was also
added to increase the shelf life of the product. During the production period, the
pH, temperature and acidity was monitored. The pineapple juice was then
subsequently characterized for sugar analysis, gas chromatography, UV spectral
analysis and FT-IR. The amount of volatile compounds was quantified by HPLC with
differential solvent system. The juice sample was also subjected to sensory
evaluation and their colour stability was also checked. This research component
would be a key technique to unlock the problems and tap the potential of
pineapple juice manuafcturing in India.
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I . production[19]. Our research will emphasize on
ntroduction

the removal of bromelain so that there is an

Pineapple is a fropical fruit which has a good increased yield of juice and therefore a possible

pallafibility and has a great acceptance among incrementation in the market turnover.

the global population. More than 25 cultivars of

pineapple are cultivated commercially [12] in

. . . . . Maierials and Methods
various regions of India. Pineapple has in itself a

Covered in Scopus & Embase, Elsevier

class of enzymes called bromelain [13]that are
responsible for interfering with the juice making
process[14]. It binds with the essential proteins and
hinders with the sugar metabolism[15] or in the
conversion There is

alcohol process[16].

subsequent froth formation[17] and therefore
efficiency is low[18]. Consequently, the yield is low
and therefore the companies suffer a loss and

eventually there is a decrease in Pineapple Juice

Collection of Pulp and Juice Exitraction and
subsequent Clarification of Juice sample

Pineapple (Figure 1) commonly available and
grown in Vellore City, Tamil Nadu, was procured
from a local market for this study. For processing,
the pineapple was washed, peeled and
macerated using a kitchen applicant grinder. The
obtained juice sample is now clarified with

addition of 5 ml of pectinase P50 enzyme
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commercially available. From one kilogram of
pineapple initial juice content was 750 ml and
after treatment with pectinase the juice vyield
percentage imporved upto 7 %. The juice
obtained in this manner was then subjected for
analysis for various physio-chemical
characteristics. Filtiration was done so that the
juice components can be segregated from the
residual solid wastes which are not a part of the

juice making process in FMCG Companies.

- e

i 2

Figure 1
Deactivation of Bromelain and addition of
preservative to increase shelf life
100 ml of pineapple juice was now treated with 50
mg Zinc Gluconate so that the enzyme gets
precipitated with gradual stiring with a pH 5.5. Zinc
is a metal ion and it gefs itself ionized when it
comes in contact with an electrolytic media[22].
Zinc ions break from the gluconate anions and
binds on to the enzymes and increases ifs
precipitation coefficient[22]. As a result the
turbidity s

occurrence of a precipitation reaction. Now the

removed indicating a possible
juice is filtered through a mesh cloth and the
filtrate is collected and is heated at subsequest
temperatures of 90° C for 4 seconds, é65° C for 3
seconds and then 720 C for 5 seconds and is
immediately cooled to 4° C so that the quality
does not degrade and the nutrients are not lost.
Now to preserve the juice, 2 mg of Sodium
Bisulphite is added in the final product so that it

remains fresh and can be consumed.
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Effect of different conditions on the storage of
juice

Pineapple juice was packed in bottles of different
colours, viz. brown, green and white which was
stored at a temperature of 0°C, 4°C, 37°C, 55°C
and at room temperature. The changes in optical
density at 420nm were monitored.

Estimation of glucose

These were quantitatively estimated continuously
by conventional glucose assay at an interval of 10
days for a total of 40 days, the assay was carried
out by utilizing 10% KoCroO7 and commercially
available 100% ethanol and 98% H2SOa4.
Physico-chemical and sensory analysis

The concentration of reducing sugars was
estimated by Shaffer & Somogyi method[23]. The
specific gravity was determined at 20°C with
densitometer. Total acidity was determined by
fitration with 0.1N NaOH expressed in tartaric acid
and volatile acidity within the distillate samples
expressed in acetic acid mg/100ml. Phenols of the
pineapple juice and juices were estimated by
Folin-ciocalteau method[24]. Effect of storage,
colour stability and browning index of stored juices
was measured as juice colour OD at 420 nm.
Instrumental Analysis of Phytochemical
Compounds

Estimation of Phytochemical Compounds using
Gas Chromatography

The samples were centrifuged at 5000xg for 10min.
Nitrogen was used as carrier gas and 2 m, 2 mm
ID1/4 mm quantity with a flow of 20ml/min was
applied. The analysis of total volatie compound
composition was carried out on a Hewlett-
Packard series 6890gas chromatograph linked to
an  HP-5973 mass-selective  detector, with @
30mx0.25mm i.d., 0.25um film thickness HP-5MS
(Agilent, Palo Alto, CA) fused silica capillary
column.

The compounds were preliminarily
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identified by the use of NIST, Wiley, NSB mass
libraries, as well as mass data from literature.
Estimation of the Desired Functional groups in the
phytochemical compounds using Fourier
Transformed Infrared Spectroscopy

The samples FTIR  for

were subjected to

confirmation of the functional groups in the

pineapple juice. Notably all the compounds
present in the juice medium may have different
functional groups but the corresponding wave
numbers suggest the type of bonds and the
gradual shift of peaks in the spectral data.

Desired

Quantification of phytochemical

compounds using High Performance Liquid
Chromatography- Reverse Phase

The phyto-chemical compounds were subjected
to High performance liquid chromatography so
that we can find out the purity of the compounds
using the most appropriate solvent system.
Reversed phase HPLC was used for analysis of the
sample. The flow volume for apparatus is Tml.

Methanol was used as mobile phase. 20 ul of the

BEFORE

compound was injected into the apparatus. The
run time was 50-100minutes.

Finding the Nature and Type of Pigments using
Ultraviolet Visible Speciroscopy

The refined juice has some pigments and this is the
reason why the colour of the juice changes when
it is stored in the different bottles[5]. To understand
the type of pigments present in the juice, we use
UV Spectroscopy to find the desired peak
positions at corresponding wavelengths.  Still
preliminary studies[20] suggest the possibility of the
presence of carotene, chlorophyll a, b and huge
quantities of xanthophyll.

Sensory Evaluation Using Bax-Baum Plot

Sensory evaluation of juice samples were
performed by 4 well trained panellists. Different
aftributes of produced pineapple juice included
were: visual, aroma, taste and harmony. The
system used was Bax-Baum that contains total 20
pointfs including, 2 points for colour, 2 points for
clarity, 4 points for smell and 12 points for taste.

Temperature Optimization of the Juice Sample

Figure 2
Juice samples were kept at various temperatures and it was optimized (Figure 2).

pH Optimization of the Juice Sample
The pH of the juice samples were regulated in
addition to acetic acid, phosphoric acid and

increasing amounts of 0.1 N NaCl (Figure 3).
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Figure 3
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Resul’rs and Discussion

The following results have been obtained after
the experimental procedures.

Glucose Estimation

The glucose levels (Figure 4) have also been

recorded.

Figure 4

HPLC Results
(Figure 5) shows quantification of relevant
biochemical compounds given for analysis

Auto-Baaled Chrom atogram
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Figure 5

FTIR Results
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(Figure 6) corresponds to the fundamental
functional groups at specific wavenumbers
(Table 1)

SL. functional
Peak
No group

1 808.17 & 825.53 alkyl halides
2 927.76 8 175136 carpoxylic
acids
3 952.84 & 995.27 alkenes
4 1043.49, 1058.92, 1093.64, 1182.36 aliphatic
&1247.94 amines
5 2150.63 & 2216.21 alkynes
6 2862.36, 2939.52, 2962.66 alkanes
7 334578 alcohols,
phenols
Table 1
UV Anaylsis of pigments

Figure 7 shows the UV Peak absorbance for the
pigments present in the system.
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Gas Chromatogram
Figure 8 shows the chromatogram for volatile
compounds and fatty acids.
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Figure 9 shows the chromatogram for the esters
and presence of other organic acids.
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Screening of pineapple cultivars:

The total soluble solids (TSS) of the pineapple must
range from 14.2 to 20.5 percent. The sugar
content of musts range from 15 to 18% (w/v) and

the pH was 3.8 to 5. The concentration of esters in

Covered in Scopus & Embase, Elsevier

juice varied from 15 to 35 mg/l and it was
affected by factors like clarification conditions.
The result obtained confirmed the previous
published reports[20]. The quantity of phenolic
compounds present in pineapple juice is
comparable with commercial white juices[19].
Phenolic compounds play a pivotal role in
determining the quality of juice, because they
greatly influence the colour, biftterness,
astringency and chemical stability of juice[10].
Characterisation of pineapple juice by Gas
Chromatography:

Preformed alcohols, esters and volatile organic
acids different

were already present in

proportions. The fruity alcohols present are
isoamyl alcohol, isobutyl alcohol, n-propanol,
ethyl acetate, and phenyl ethanol. The organic
acids detected in the juice sample are acetic
acid, propanoic acid and benzoic acid.

Effect of storage temperature and glass surface
color on pineapple juice color:

The changes in the color of pineapple juice
stored at different temperatures (8, 16 and 25
degree centigrade) in bottles of various colors
were monitored by the browning index. Juice
that was stored in the darker brown bottles at low
temperature showed low browning indices when
compared tfo juice stored in white bofttle. Juices
stored in the brown bottles have the lowest
browning index. These findings are in
accordance with previous report. The pineapple
juices in clear white bottles had an undesired
color and a higher browning index Table 2. This
shows how glass surface color can alter and
change the colour of the juice pigmentation to a
certain extent. The plausible reasons might be
due to acute absorption of wavelengths through
the glass interiors and hence no outgoing of it

from the system.
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Type of effect | OD at 420nm

Temperature
8 0.18
16 0.21
26 0.26
Bottle color
Brown 0.21
Green 0.25
White 0.28
Table 2

Conclusions

The sensory evaluation has indicated that the
juice possesses novel characteristics in aroma
and taste and good market acceptability.
Classified data on an adequate process for juice
making from pineapple and the findings
regarding pectinase treatment, formation of
major volatile compounds, GC, FTIR and HPLC
characterisation and sensory evaluation can be
of utmost importance to the FMCG industries for
a better global profitability and creating generic
products with high value propositions and

benchmarking the safety standards.

Acknowledgemeni

We want to express our gratitude fo
Dr.G.Viswanathan Honourable Chancellor, VIT
University Vellore and DST India for financial
support and constant encouragement, Mr Raqj
Vuppu ,femple university for his support We would
also like to express our deep gratitude to the
people of VIT Technology Business Incubator for

helping us to analyze our samples..

References

1) J A»ochowsko—Kujowsko, K. Lachowicz, and M.
Sobczak, "Effects of fibre type and kefir, juice
lemon, and pineapple marinades on texture

and sensory properties of wild boar and deer

Covered in Scopus & Embase, Elsevier

longissimus muscle," Meat Science, vol. 92, pp.
675-680.

T. E. Ayogu, "Evaluation of the performance of a
yeast isolate from Nigerian palm juice in juice
production from pineapple fruits," Bioresource
Technology, vol. 69, pp. 189-190, 1999.

I. Benucci, K. Liburdi, A. M. V. Garzillo, and M.
Esti, "Bromelain from pineapple stem in
alcoholic&€"acidic buffers for juice application,"
Food Chemistry, vol. 124, pp. 1349-1353.

O.-0. Chanprasartsuk, C. Prakifchaiwattana, R.
Sanguandeekul, and C. H. Fleet,
"Autochthonous yeasts associated with mature
pineapple fruits, freshly crushed juice and their
ferments; and the chemical changes during
natural fermentation," Bioresource Technology,
vol. 101, pp. 7500-7509.

C. A. Corzo, K. N. Waliszewski, and J. Welfi-
Chanes, "Pineapple fruit bromelain affinity to
different protein substrates," Food Chemistry, vol.
133, pp. 631-635.

D. Del Mundo Dacera and S. Babel, "Removal of
heavy metals from confaminated sewage
sludge using Aspergillus niger fermented raw
liquid from pineapple wastes," Bioresource
Technology, vol. 99, pp. 1682-168%, 2008.

M. Esti, R. L. G. I. Airola, E. Moneta, M. Paperaio,
and F. Sinesio, "Qualitative data analysis for an
exploratory sensory study of grechetto juice,”
Analytica Chimica Acta, vol. 660, pp. 63-67.

N. Fold and K. V. Gough, "From smallholders to
fransnationals:  The impact of changing
consumer preferences in the EU on Ghanad€™s
pineapple sector," Geoforum, vol. 39, pp. 1687-
1697, 2008.

J. A»ochowsko-Kujowsko, K. Lachowicz, and M.
Sobczak, "Effects of fibre type and kefir, juice
lemon, and pineapple marinades on texture
and sensory properties of wild boar and deer
longissimus muscle," Meat Science, vol. 92, pp.
675-680.

T. E. Ayogu, "Evaluation of the performance of a

yeast isolate from Nigerian palm juice in juice

Int. J. Drug Dev. & Res., July-September 2013, 5 (3): 138-145

© 2013 Dr V. Suneetha et al, publisher and licensee IYPF. This is an Open Access article which permits unrestricted

noncommercial use, provided the original work is properly cited.




12) O.-o. Chanprasartsuk, C. Prakitchaiwattana, R. Lactobacillus delbrueckii," Process Biochemistry,
Sanguandeekul, and C. H. Fleet, vol. 41, pp. 1117-1123, 2006.
"Autochthonous yeasts associated with mature 21) S.B.Imandi, V. V. R. Bandary, S. R. Somalanka, S.
pineapple fruits, freshly crushed juice and their R. Bandaru, and H. R. Garapati, "Application of
ferments; and the chemical changes during stafistical  experimental  designs  for  the ;ﬁ
natural fermentation," Bioresource Technology, opfimization of medium constituents for the :
vol. 101, pp. 7500-7509. production of citric acid from pineapple waste," :

13) C. A. Corzo, K. N. Waliszewski, and J. Welti- Bioresource Technology, vol. 99, pp. 4445-4450, r‘
Chanes, "Pineapple fruit bromelain affinity fo 2008. o
different protein substrates," Food Chemistry, vol. 22) T.S. Kahlon and G. E. Smith, "In vitro binding of :
133, pp. 631-635. bile acids by bananas, peaches, pineapple, UQ

14) D. Del Mundo Dacera and S. Babel, "Removal of grapes, pears, apricots and nectarines," Food E:
heavy metals from confaminated sewage Chemistry, vol. 101, pp. 1046-1051, 2007.
sludge using Aspergillus niger fermented raw 23) S. Ketnawa, P. Chaiwut, and S. Rawdkuen, o
liquid from pineapple wastes," Bioresource "Pineapple wastes: A potential source for :.
Technology, vol. 99, pp. 1682-1689, 2008. bromelain extraction,” Food and Bioproducts qs.

15) M. Esti, R. L. G. I. Airola, E. Moneta, M. Paperaio, Processing, vol. 90, pp. 385-391. :
and F. Sinesio, "Qualitative data analysis for an 24) A. M. Molina, V. Guadalupe, C. Varela, J. H. m
exploratory sensory study of grechetto juice,” Swiegers, I. S. Pretorius, and E. Agosin, P
Analytica Chimica Acta, vol. 660, pp. 63-67. "Differential synthesis of fermentative aroma z

16) N. Fold and K. V. Gough, "From smallholders to compounds of two related commercial juice g
fransnationals:  The impact of changing yeast strains," Food Chemistry, vol. 117, pp. 189- (¢~
consumer preferences in the EU on Ghana&€™s 195, 2009. E:
pineapple sector," Geoforum, vol. 39, pp. 1687- 25) J. A. Pino and O. Queris, "Analysis of volatile (@)
1697, 2008. compounds of pineapple juice using solid-phase r

17) N. Hajar, S. Zainal, K. Z. Nadzirah, A. M. S. Roha, microextraction techniques," Food Chemistry, ﬁ-d
O. Atikah, and T. Z. M. T. Elida, "Physicochemical vol. 122, pp. 1241-1246. m
Properties Analysis of Three Indexes Pineapple 26) A. M. Spanier, M. Flores, C. James, J. Lasater, S. "c
(Ananas Comosus) Peel Extract Variety N34," Lloyd, J. A. Miller, C.T.H. C. J. M. T.H. P. F. S. E.T. g
APCBEE Procedia, vol. 4, pp. 115-121. Confis, and A. M. Spanier, "Fresh-cut pineapple

18) M. A. Hossain and S. M. M. Rahman, "Total (Ananas sp.) flavor. Effect of storage,” in
phenolics, flavonoids and anfioxidant activity of Developments in Food Science. vol. Volume 40:
fropical  fruit pineapple,” Food Research Elsevier, 1998, pp. 331-343.
International, vol. 44, pp. 672-676. 27) P.Tamborra, N. Martino, and M. Esti, "Laboratory

19) J.Hu, H. Lin, J. Shen, J. Lan, C. Mq, Y. Zhao, F. Lei, fests on glycosidase preparafions in juice,”

production from pineapple fruits," Bioresource
Technology, vol. 69, pp. 189-190, 1999.

I. Benucci, K. Liburdi, A. M. V. Garzillo, and M.
Esti,
alcoholic&€"acidic buffers for juice application,"
Food Chemistry, vol. 124, pp. 1349-1353.

"Bromelain  from pineapple stem in

D. Xing, and L. Du, "Developmental toxicity of

orally administered pineapple leaf exiract in

20)

rats," Food and Chemical Toxicology, vol. 49, pp.
1455-1463.

A. Idris and W. Suzana, "Effect of sodium
alginate concentration, bead diameter, initial
pH and temperature on lactic acid production
immobilized

from pineapple waste using

Analytica Chimica Acta, vol. 513, pp. 299-303,
2004.

Covered in Scopus & Embase, Elsevier Int. J. Drug Dev. & Res., July-September 2013, 5 (3): 138-145
© 2013 Dr V. Suneetha et al, publisher and licensee IYPF. This is an Open Access article which permits unrestricted
noncommercial use, provided the original work is properly cited.



ies

FMCG Industr

ion via

izat

[o]

O
]
£
£
o
0
o
[ =]
Q

ineapp

P

inin

f Bromela

ion o

ivat

Deact

.
4

Suneetha V et al

28)

29)

30)

31)

32)

33)

34)

35)

K. Tanaka, Z. D. Hilary, and A. Ishizaki,
"Investigation of the utility of pineapple juice
and pineapple waste material as low-cost
substrate  for  ethanol  fermentation by
Zymomonas mobilis," Journal of Bioscience and
Bioengineering, vol. 87, pp. 642-646, 1999.

H. Umesh Hebbar, B. Sumana, and K. S. M. S.
Raghavarao, "Use of reverse micellar systems for
the extraction and purification of bromelain
from pineapple wastes," Bioresource
Technology, vol. 99, pp. 4896-4902, 2008.

C.-H. Wang, P.-J. Lin, and J.-S. Chang,
"Fermentative  conversion of sucrose and
pineapple waste into  hydrogen gas in
phosphate-buffered  culture seeded  with
municipal sewage sludge," Process Biochemistry,
vol. 41, pp. 1353-1358, 2006.

J. P. Marais, J. L. de Wit, and G. V. Quicke, "A
critical examination of the Nelson-Somogyi
method for the determination of reducing
sugars," Analytical Biochemistry, vol. 15, pp. 373-
381, 1966.

J. D. Box, "Investigation of the Folin-Ciocalteau
phenol reagent for the determination of
polyphenolic substances in natural waters,"
Water Research, vol. 17, pp. 511-525, 1983.

W. Youravong, Z. Li, and A. Laorko, "Influence of
gas sparging on clarification of pineapple juice
by microfiliration," Journal of Food Engineering,
vol. 96, pp. 427-432.

S. Ketnawa, S. Rawdkuen, and P. Chaiwut, "Two
phase partitioning and collagen hydrolysis of
bromelain from pineapple peel Nang Lae
cultivar," Biochemical Engineering Journal, vol.
52, pp. 205-211.

C. AncA-n, B. n. AyestarAjn, A. n. GarcA-a, and
J. n. Garrido, "Influence of vacuum filtration of
Viura must on the concentration of fatty acids
and their utilization in fermentation," Food
Research International, vol. 29, pp. 763-770,
1996.

Covered in Scopus & Embase, Elsevier
© 2013 Dr V. Suneetha et al, publisher and licensee IYPF. This is an Open Access article which permits unrestricted
noncommercial use, provided the original work is properly cited.

Article History:------=--cecmmommnnnoo
Date of Submission: 13-04-2013
Date of Acceptance: 29-05-2013
Conflict of Interest: NIL

Source of Support: NONE

SCIimago
Journal & Country
Rank

Powered by

SCOPUS

Int. J. Drug Dev. & Res., July-September 2013, 5 (3): 138-145




