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Abstract of the Thesis Presented to the Senate of

Universiti Pertanian Malaysia in Fulfilment of the Requirement
for the Degree of Master of Science.

FERMENTATION OF PINEAPPLE WASTE JUICE FOR
THE PRODUCTION OF CITRIC ACID USING
CANDIDA LIPOLYTICA ATCC 8661

by
JOYCE KOSHY

September 1990

Supervisor : Dr. Mohammad Ismail Abdul Karim

Faculty : Food Science and Biotechnology.

Fermentation of pineapple waste juice  using Candida

lipolytica ATCC 8661 for production of citric acid was

conducted. A comparison study was also carried out using the
pineapple flesh juice (edible portion). Maximum production of
citric acid obtained from the flesh juice and waste juice was
2.5 g/l and 3.2 g/l respectively after 4 Days under submerged

fermentation using shake flasks at 30°C.
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The addition of 0.12 potassium dihydrogen phosphate in the

102 pure glucose media increased the production of total acids

(citric acid). Addition of 32 methanol prior to incubation

into the pineapple waste juice showed a remarkable increase in

citric acid production. Fermentation of pineapple waste juice

using Candida 1lipolytica ATCC 8661 was also conducted in LH

fermentor (Model 500). The effect of different 1levels of
dissolved oxygen saturation (102, 202, 302 and 402) with and
without 32 methanol on citric acid production of pineapple
waste juice was studied over a 10-day fermentation period at
30°C. The maximum citric acid production was 8.2 g/l in sample
with 32 methanol having 402 dissolved oxygen saturation after 8

days of fermentation. Maximum of biomass production of 12.37

mg/ml juice (dry cell weight) was obtained from fermented

pineapple waste juice inoculated with C. lipolytica ATCC 8661

having 302 dissolved oxygen saturation after 8-10 days of

fermentation.
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Abstrak thesis yang dikemukakan kepada Senat Universiti
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Master Sains.

PENGHASILAN ASID SITRIK DARIPADA KULIT NENAS DENGAN
MENGGUNAKAN CANDIDA LIPOLYTICA ATCC 8661

Oleh
JOYCE KOSHY
September 1990
Penyelia : Dr. Mohammad Ismail Abdul Karim

Fakulti : Sains Makanan dan Bioteknologi

Kajian fermentasi ke atas jus kulit nenas dengan

menggunakan Candida lipolytica ATCC 8661 bagi penghasilan asid

sitrik telah dijalankan. Perbandingan juga telah dijalankan
dengan menggunakan jus isi nenas (bahagian yang boleh dimakan).
Penghasilan asid sitrik yang maksimum dari jus isi dan jus
kulit ialah 2.6 g/l dan 3.2 g/l masing-masing selepas 4 hari

fermentasi rendaman dijalankan pada suhu 30°C.

Penambahan 0.12 kalium dihydrogen phosphate dalam jus

kulit nenas meningkatkan penghasilan asid sitrik. Penambahan
32 metanol pada jus kulit sebelum inkubasi menunjukkan

peningkatan  yang jelas dalam penghasilan asid sitrik.
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Fermentasi jus kulit nenas menggunakan Candida lipolytica ATCC

866l telah dijalankan di dalam 'LH Fermentor’. Kesan paras

kepekatan oksigen terlarut yang berbeza (102, 202, 302, 402)
dengan penambahan atau tidak 32 metanol telah dikaji selama 10
hari jangka masa fermentasi pada suhu 30°C. Penghasilan asid
sitrik yang maksimum iaitu 8.2 g/l dalam sampel yang mempunyai
32 metanol pada konsentrasi 402 oksigen terlarut selepas 8 hari

fermentasi. Penghasilan biomass yang tertinggi 12.37 mg/ml jus

(berat kering yis) diperolehi dari fermentasi jus kulit nenas

yang diinokulasikan dengan C. 1lipolytica ATCC 8661 yang

mempunyai konsentrasi oksigen terlarut 30Z selepas 10 hari

feimentasi.
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CHAPTER 1

INTRODUCTION

Citric acid (CH.COOH COH COOH CH,COOH) a tricarboxylic
acid was first isolated from lemon juice and crystallized in
1784 Dby Scheele. It is found as a natural constituent of a
variety of fruits. However, members of the citrus family are
especially rich in this organic acid. Citric acid extracted
from fruits is commercially known as natural citric acid in
contrast to the citric acid produced by microbial fermentation.
Until the early days of this century, citric acid was produced
from lemon juice although Wehmer (1893) had described this
organic acid as a metabolic product of moulds of the genera
Penicillium and Mucor. Today, most of the citric acid used in
food and other industries comes from fungal fermentations.
Although chemical synthesis of this organic acid is possible,
no competitive synthetic process that is superior to fungal

fermentationz has been developed (Kapoor, et al, 1982).

Malaysia has been relying on the import of citric and
other organic acids for its use 1in the beverage, food,
industrial and pharmaceutical industry. The importation of
citric acid in 1977 was M$3,603,196 (Malaysian ringgit), and

has increased to M$§ 7,955,570 in 1984 (Anonymous, 1977;



Anonymous, 1984). The exploitation of fermenting locally

available raw materials to produce these acids especially with

emphasis on citric acid production may save the country in

foreign exchange earnings. Study on the wutilisation of

agricultural wastes especially on the usage of pineapple waste

juice for fermentation of citric acid is being looked into in
this study. The use of selected strains of microorganisms with
various

fermentation parameters for production of citric acid

is also being studied.

The objectives of this research are:

155 To study the utilisation of pineapple skin peeling waste

juice as a fermentation substrate for the production of

citric acid using Candida lipolytica ATCC 8661,

Aspergillus niger NCIM 594 and Aspergillus niger ATCC

11414.

To screen the potential citric acid producing strains.

To study the effect of potassium dihydrogen phosphate and

methanol on citric acid production.

4. To study the effect of different 1levels of dissolved

oxygen concentration with and without the addition of

methanol (as an additive) on citric acid production wusing

a fermentor.



CHAPTER 2

LITERATURE REVIEW

Introduction

Citric acid is produced fermentatively by many moulds and

yeasts of which Aspergillus niger has been widely wused.
However, besides A. niger, maly other species have been
considered as citric acid producers, and many trials have been
done to increase the potentialities of strains of A. niger, for
instance, by exposure of the spores to ultra-violet irradiation
and x-rays. Citric acid is used in the preparation of many

industrial products and the commercial use of citric acid have

led to an increasing demand for it.

Uses

Citric acid has a variety of uses. About 707 of the
citric acid produced is used in the food and beverage industry,
about 122 in pharmaceuticals, and about 182 in other industrial
applications (Kapoor et al., 1982). The food and beverage
industry uses citric acid mostly as an acidulant because of its
high solubility, extremely low toxicity and imparts a pleasant

sour taste. The major end uses of citric acid or its esters

and salts is shown in Table 1.



