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Summary

The importance o eiwie acid is i using it at diflerent food and
pharmaceutical industries . many studics have focused on production ol
citric acid trom facilitaled raw materials at low cost hy using the
MICTOOrEanisims

From the resulls which obtained throughout this Investigation which
cartied out to investignte the possibility ol ciiric acid production {ron
carob pod extract as a substraie by bpergifus niger | The physical and
chemical factors have been examined throughowt this study to determine
the chemical factors Tor the growth of AL wiger and citric acid production

The higher concentration of citric acid and biomass dry weight were
obtained after six days ol incubation with initial pH 4.5 and sugar content
15% .

According to the results of designated experiment o find the best
concentration of the nitrogen of that stimulated citric acid production we
found that (1.5 % was the best and ammonium dihydrogen phosphate was
the superivr nitrogen source used for production of citric acid .

Apphed experiment 1o tind out the effect of dilterent concentrations ol
calctum chloride in the citrie acid production it revealed that |, addition of
calcium chloride at 0.05 % to fermentation medium stimulate citrie achd
production

Addition of different methanol concentration were also examined (@
determine their effeet on growth and citie acid production |, The results
showed that 3.0 % methanol was the best conceniration added 1o carob

pod mediwmn which stimulated citric acid production

The result revealed that | the addition of 2.0 % cthanol was also
stimulated citrie acid produetion accumulation by the fungus .



2.2.5.Carob pod extracted weditm .. 3
2.5 Actvation of the microorganism ... ..., R 32
2 Inocalum prepartion . e R 32
25 CQultaral conditions . e 32
2.0. Analytical methods . . e 33
2.6.1 Measurement of initiad o vd final pHovalue . 33
2.6.2. Determination of biomass dry weight . 33
2.6.3. Estimation of citric acid coneentration ..., e R 33
=.6.4. Estimatton ol initial anc. residual sugar concentration ........ ., 3+
2.6.5. Determination of chemienl content of earab pod extract ........ 34
2.0.5.1 Estimation of protein content ol carob pod SYTUD 34
2.6.2.2. Estimation ol soluble substances ( 1ut pereentiage Jo..... . e 30
2.6.3.3. Lstimation of ash percentage ... e e e 36
2T CEXDETIMENIS Lo 37
221 Etfect of different incubation periods on - dry weight and
citric acid production .o 37
2.7.2. Effect of different pH values on dryv weight and citric 3
acid production
2. 7.3 Elleet of different sugar concentrations on - dry wula
and ¢itric acid production ... 38
2.74. Effect different concentrations of NaNO; on dr weizht
and citric acid production .. 38
2.7.5. Effect of dilTerent nitrogen sources on - dry weight
and citric actd production ... e PR
2.7.6. Effect ditferem concentrations of CaClyan dry weight
and citric acid production ... 3y
2.7.7. Efteet different concentrations of methanol on dry
weight and citric acid production ............. e 30
2.7.8. Effect different concentrations of ethanol on dry weight
and citric acid production ... e e 4()
2. 7.9 Effect different concentrations ol different amino acids
on drv weight and citric acid production ... 40
2.7.10. Comparison between standard medium and carob pod
Imedium with respect Lo citric acid production ... ... 4]
Chapter three
3o Results ... e R e e e 43
3.1. Chemical content o carob pod extract............... e e 43
3.2. Effect of different incubation periods on dry weight and
citric acid production 43
3.3, Litect ol different pl values on drv weight and citric
acid production .......... e e e e 48



3.4 Etfect of ditferent sugar concentrations on dry weight

and ciric actd produetion ... e O e,
3.5, Bfteet different concentrations of NaNO; o dry weight

and eitric acid production ..., e
3.0. Effect of ditferent nitrogen sources on dry weight

and eirie wcld production .. e N

el

1 Elfeet dillerent concentrations of CaCls on dry weight
and citric acid production

3.8, Effect different concentrations of methanol on dry
weight and citrie acid production ... e
3.9 Llteet different concentrations of ethanol oir dry weight
wnd eitrie acid production ...
310 Erfeet different concentrations of diferent Hmine actds
o dry weight and citric acid production ... ...

(¥}

[TE Comparison between standard medium and carob nod

medium with respect 1o citric geid production ..o

Chapter Four

Vil

57

60

03

66

i

/3

17
30
57
59
[ 06



[List ol Figures

- '}"1 ]L:

Figure Pl

I. Crob pod tree in nature {Ceratonia Mffgua Y o 26

2o elspergittus niger EMCC 1132 Figare in Pewd dish .. e 2]

fery & &

3. Standard curve ol glucose .o 35

d.Elfect al different incubation periods on dry weight and citrie acid
produclion ... N 0

L

Effector differem pH values on dry weipht and eitric ueid production 50

0. Effect ol ditterent sugar conecnirations on drv weigh and eitric acid
production ........ » 3

1

- Effect dilferent concentrations of NaNOQ; on dry welglt and citric
acld production ... 36

B.Efeet of different nitrogen sources on dry weight and citric acid
production ... 59

9. Effect ditferent concentrations of CaClaon dry weipht and citrie
ACLd Produclion . 62

10. Eftect difterent concentrations ¢ methano! on drv weight and
crric acid production . fr5

1. Eftect different concentraiions of ethanof on dry welght and ¢itric
actd production ... 08

I2 .Effect dilTerent concentrations of dillTerent amine acids on dry
weight and ciric acid production ... e 71

13, Comparison between standurd medium and caroby pad medim with
respecl to citric acid production ..o e 75

VI



List of Tables
Table
| Percentage of chemical conient of carob pod SYTUp

2. Effect of different incubation periods on dry weight and

citric acid production ...,

3. Eftect of difterent pH values on dry weight and ciirie

actd produclion o

4. Eftect ol different sugar concentrations on dry welphl

and eitric acid production ...

L

. Eftect difTerent concentrations of NaNO; on dry weight

and citric acid production ...

6. Effect of different nitrogen sources on dry weight

and citrtc acid production ...

7. LEftect difterent concentrations of CaClyon drv weight
and citric acid production ...
8. Elect different concentrations o' methanol on dry

weight and cilric acid production ...

I

. Lfect ditferent concentrations of ethanol on dry weight

and citric acid production ...

10 Lotect difterent concentrations of different aminoe acids

on dry weight and citric actd production...........o.. L.

L. Comparison between standard medium and caroh pod

medium with respect to cittie acid production ...

(P

.............

page
44

15

44

LA
b

58

61

64

67



Chapter one



1. Titroduction

Citvie acid | is an intermediaty compound o a Tricatboaylic avid
exele. Itis found as o nateral constituent of variety of citrus lruil’s such as
pineapple . pear | peach and fiy . Citrus fruit being a particularly rich

source of citrie acid . ( Grewal & Karlra | 1993 ]

The world wide demand tor ciric acid s mereased day by day,
Since the annual production of ciiric acid s approximately estimated
500.000 ton’s | less than 1% of tota] world production of citric acid | is
sill produced from citrus fruite i countries where ¢itrus fruits are
awvittlable economically such as Mexico and South America (Yigitoely
1992 |

Many  different microorgamisms  are  able 1 convert  the
cirbohydrate to organic acid | Industrial-senlo procuction of eitric acid is
generally carried out by fermentation process with a filamentous Funagi,
Aspergilli are used for commercial production of citric acid uml most
effective strains are Aspergitius niger and A wemtii | Their abiliy o
produce more ¢itric acid per umt time s well as the production of
undesirable side products ,sueh as oxalic acid, isocitric acid Lamd gluconic
acid .can be more etficiently suppressed in the strain . niger used 1o

produce citric acid on commereial level (Casada | 1968 .

The veast are also able 10 produce the citric acid which is fast in
production compared witl fungal processes but they produce undesirable
amount of isocitric acid in fermentation process. Different strams of

yeasts were used, such as Hunsennla pichiu Deharomyees Torutupsis,



Torula  Kloechera  Teictasporon  Rhodotorada, sporobolomyees
Lndvmyces Nemarospora Suceharo myces  ygosaeclaromycess and
cindicdn which are the most used strains for ciric acid production

Moreover the bacterial production of citic actd is available by some
strains such us Brevibaecteritm favam | B . lichenitormis | B, subtifis
which used glucose as a raw material and other sirains of Brevibucterum
species Corvachucterinm Arthrobuactor paruaffincisy which used the

parattin as carbuhydrate source . In spite of that the accumulation of ciuse

acid from bacterial process is not developed well compared with fungal

and veast processes ( Casida , 1968 ).

The bulk of produced eitric acid oday s used in food | beverage |
pharmaceuticul and cosmetic industries, Also serves in p! | adjustment ,
antioxidant and buffering agem (Hag er. of.. 2002), Approximately 70%
af produced citrie acid is nsed in the food and beverage industries for
various purposes | as well as accident in carbohvdrate and sucrose based
beverage . stinntlates natural fruit Havor | incorporate lariness . About
12% from pharmaceuticals companics of the world produce citric acid as
effervescent in powders and tablets in combination with bicarbonates |
untioxidant in vitamin preparations. For other industries approximaiely
13% frem the world production used citrie avid . such as Esters eitrate
finds an ever-incrensing application inmader chemical industeies s
plusticizers and foam inhibitors for vainyl sheeting and polvester resing

{ Yigitoglu, 1992} .

I recent years . muny cllorts have focused on the diseovery of new
resources and improvement of the respective production methods

(Papagiani er. al.. 1998) .

L]



The present work is a wial to produce cirric acid using carob pod
CXIEACT (syTup ) as i miierals ©The caroh pod kibhle is fruit of carob

wee ( Certunia siligua ) which Zrow inmany wwn's ol greni hanmalurva

Economically this plant ts intended 10 use only as animal feed and
for some human consumption such as carob pod sviup . Ko the caroh
syrup was used throughout this investigition as o carbon souree for (he

growth of the fungus Aspergitius nizer and production of citric acid .



1.2, Lierature revies

Most people think that Bioteehnoloey is a recent development. but
N tact it is not |, because microorganisms have been used o praduce food
such as beer, vinegar . yopurt and cheese for over 8 millennia |

Ethanol was the first chemical 1o be produced with the aid of
bivtechnelogy aver 800 veurs . 1imil just a century ago il was not reslived
thit microorgunisms were involved in the production of alcohal und
vinegar. Louis Pasteur (1871) found that veast converts the sugar (o

alcohol in the absence of air and the process named fermentation,

Many dilferent types of microorganisn's posses the ability 1o
convert carbohydrate to high vields of organic acid. This property is
demonstrated by various bacteria. As for example, species of Clostridim
produce acelic acid and butyric acid. Lacrobacitfas and Strepivcocens
species  produce acetic acid |, pluconic, 2-ketoglurric acids. and

Psewdomons species produce 2-ketogluconic and — u-ketoglutric acids.

Fungal orgunic acids  that produced commercially are | ¢itrie,

lumaric. gluconic, itaconic, kojic. and gibbliric acid  (Casidy. 968 )

A major commodity chemical  manufictured by fungal
lermentation is citric acid . which was first isolated and crvstallized from
lemon juiee by Karl Wilhelm Scheele in (1784} . This organic acid is
found as a natural constituent of g vareety ol fruils such as citrus fruits

(rich source) | pincapple, pear, peach | and fig { Al-Obaidi & Berry, 1979 )



The commercial production of citric acid commenced in England in
(1360} trom ealcium citrate imported from itﬁI}-‘. The discovery of
biosyniheses of this acid by fermentation can be traced back 1o (1893)
when the German Botamist, Whemer, recognized it as a metabolic product
of the moulds Citronices pfefferionis and  Citromees slaber  (Grewal

and Kalra 1993)

Citric acid manufacture by fermentation industrics has ity Origin in
the First World War. Until the year 1893 citrie acid had been extracted
from ciirus fruits and the major producer was Italy. As men were called o
arms the citrus groves were letl untended. By the time hostilities ended
the industry wits in raing and the price of citric acid had escalated. This

paved the way for the inroduction of a microbizl process

According to AL-Ani . Zahorski (1913)ound that . the fungus
Aspergilins siger  can be used for the production ol citie acid . this
lungus was previously named Sterigmatocystis niger. Work ol “Tom and
Curric (1916) established that . citric acid can be produce commercially
by the fungus Aspergitlus niger using shallow fermentation lechnology.
In (1217} Curric published a0 search on the use of pure malerials as
synthetic media w0 produce citric acid  in commercial  lovel using 1,
niger and by adding 0.01 g of FeSOQ, accumulation of eitric acid i the
medivm was inereased 3 Therealler | eitrie acid was produced in

comimercial Tevel by Fiser Company in ( 1923 )

&



Sacchetti ¢ TY33) found that with high concentration of NIFLNO; in
the culture mediom fungal development was stimulated and sceelerated
the production of eitric acid . Ciwie acid was also influenced by KH,PO,
concentrution . andl the presence o Mg ion i cultue media appears to

be necessary for the accumulation of ciwric acid |

Sotnikow (1934} studies concerned with the  production of citric
acid by o1 . mizer in unchanged and changed medium . 1e found that the
production ol eitrie acid independent an the type ol added nitogen.
Moreover . Addition of Mg fon only as a nitrate sult increases the growth

of the fungus and the production ol citric acid.

Quilico & Lalberto (1934) explained that the production of citric
acid from row beet molugses by sl . niger is related. particularly 1o the
amount of - phosphate in the fermentation  mediom prepared  Trom
ditferent typs ol molasses . He also found that | the addition of molisses
at concentration of 15 % sugar 1o fermentation media was very necessary
for the synthesis of ciric acid  in the presence of small wnount of

phosphate and nitrogen source.

Cahn (1933) tound that . sspergitius niger  growth on solid
materials under suitable  environmenmal - conditions can produce
considerable amoum of citric acid in a relatively short period of
imcubation.  when solid materials impregnated with sucrose or molasses
a5 a carbon source |, Ciric acld  vield was 353% and 43% ol the total

consumed molasses and sucrose respectively,



Butkevich & Nelnikowva, (19360 ) studied the inlTuence ol nitrate

. . 1 . .. - .
and potasstum jons upon the accumulation of ciric acid by the fungus
cspergiffis aiger they postulated that  ssothetue media o KNO; a
nitrogen source is better than NYLNO, for civie acid production by A

niger

Korad & lglaver { 19306) lound that . citnie acid  production by
A miger Tall Inte two general condition - () internal | such as the steain
organism and age of culture medivm ¢ (b) external |, such as lempernture |

oxvien supply |, acidity and food supply

Perguin {1938) discovered thut the addition of solutions of glucose
or sucrose 10 the pretormed mveelim of A, wfger resulied in gluconic
acid production . Flowever | some citric acid was produced when the
solution contained zine sulfate , Potassium chloride and ammoniom

chloride at low pi .

Jacobi & Schwarz (1939) mentioned 1hat |, the growth ot AL niger
and citrie acld production was inproved by addition of small amounts of

qrious colloids 1o the fermenttion media

Gurhavd e af, {1946) used bect molusses treated wilh potassium
Ferro - or fervic cvanide as a substrate for myeological citric acid
production . They tound that. ubour 30 % of the conswmed sugar

converted to enrie acid .

Perlmun er. of., (1946 a ) studics were on the production of citrie acid

from cane molasses. when cane molasses was  fermented by hish chric



acid production strains of A1 niger th surlaice culwre . The vields of ciirie
acid are very low, They explained that | the inorganic constituents of the

cane molasses are responsible for the low vields of ¢itrie neid obtuined

Perlman ez o, (1916 b)Y found that . the addition ol 0| mg. cuch

- -~ +2 =2 H 3 . . .
of (Fe™ . Mn™ . Al™ [ Cr ™ per liter) to the svathetic medium
containing the suerose as carbon souwree | stimulite the vield of ¢itric acid

1wo folds by the fungus A. miger

Shu & Johanson (1948) tound that . citric acid accumulation by
- . a - a3 - 12 13 i
the fumgus A aiger decreased i the Fe and Zn'? or P77 jon's are

present in the fermentation medium .

Zhyravesky (1935 ) reporied that . production ol citrie acid by the
fungus +t. miger in submerged culture medium  was depends an the rate

of aeratjon.

The addition o methanol at concentration of 4% 1o cane molasses
medium and 6% 1o beet molasses medium highly stimulated citrie acid

production by the Tungus o1, wiger (Puente | 1962 )

Millis er. al (1963) were swudied the etteet of lipids on citric acid
production by mutant straing o A wiger. They found that faty acids
with less than 15 carbon atoms inhibited fungal growth and citrie acid

production .

Zhuravsky ( 1964 ) explatned that . the industrial civie acid
production by Aspergitins niyer was aftected by the level of carbohydrate

present in lermentation media .

4



Linng & Tung (1963) found that . production of the citrie acid by
ot miger (C-4282) strain. increased with the addition of 2% methanol or
3% ethanel t the corn starch fermentation medium, and  total acid vield

wits runged between 50- 00 % ol the total consumed supar.,

Erich, (1966) mentioned that. the presence of hvdrogen peroxide
increases the accumutation ot citic aeid by A mfger i submuerged

cultivatiom medivm.

Clirk er. el (1960) nuted that | the stimulation effect of My jon's
on the growth of A. aiger and citric acid production was not atfecied by

addition of the other metals.

Horisu & Clark. {1966) explaimed that |, there 15 no stimulation
effect of lerocvnaide on citric acid accumulation by blacking the reaction

ol the Krebs cyele,

Zdzislaw (1968} pointed out that, there’s no correlation between

the color of /1. siger conidia and the production of citric aid,

Fermentation activity of . miger was muich better in synthetic
medium prepared with tap water than with redistifled water ( Bassubik ¢,

al., 19707,

Sancher e af (19701 poted that , the production ol ¢itric acid in
shaker flasks by the mutamt strain of A, siger reached 10 98.7 % in resin-

treated sucrose medium while the citric acid vield is 75 % n resin-treated

10



treated  claritied syrup mediim  and 08% in ferrocvanied-treatd

blackstrap molusses media .

Sanchez ern al, (1970) puinted ou that, the activity of all diploids
form ol A sfger strains was higher than the - parent strains Tor citric acid

accumuttation

Hlang e el (1973) postulated that | brewery spent grain liguor
which have econontic value can be used as source for the production of

singie cell protein and citric acid using the Yungus A, niger,

Wold er. af., (1976) explained that . The Zn ions apparently play a

role in the regulution of growth and citric acid accumulation by the

fungus A. miger.

The presence ot aceuc acid at pH of 2 prevents spore germination,
and stimulate citric acikl accumulation in fermentation medium (Hamissa

& Radwan 1977)

Bhate er.af.. { 1980 ) mentioned that | the production of ¢itric acid
decreased to reach 6% of the biomass drv weight of the fungus A, niger

with the addiion ol 300ng/ml of S-hydroxyimethyliverfural,

Cotton waste apparently can be used tor saving sucrose and for

increasing the vields of eitric acid by o siger (Kicl er af. 1981).

Kuahlon (1982) tound that | AL siger strain solated from difierent

soll and orange produce high amount of citric aeid when cultivated on



molasses and cane sugir medium | comparing o other isoluted strains of

Ao nder.

Pessoda & Angeta (1982) mentioned that | the eptimal initial pH

vatues for citrie acid production varied sccording o the strain of . niger

Agrawal. e al, (1983) explained that . the addition ot 0.05- Imu
sodium malonate or 0.01-0.1 my  potassium ferricvamide . iodoacetate .
sodium azide and sodium arsenate or sodium lovoride stimulated citric
acid to reach (36-45 %) of the biomass dry weight |
Hossain e, «f, (1984) found that , the addition o 3% methanol ©
fermentation medin of the Tungus AL wiger increased the citric acid

production at pi-lol” 4.5,

Inthe presence of methanal ol coneentration o’ 3% (volfwt) in the
termentation mediom ol the Tungus . séger NRRIL 367 was highty
stimulated the production of ¢itrie ueid from grab pomace. The vield was

60 % of the consumed sugar (Hang & Woodams, 1983)
i g

Hang & Woodams (19835) explained that, the greatest amount of
eitric acid produced by A. niger NRR 367 can achieved when apple
pomace was used as a subsirate for fungu! growth in presence of 4%

methanaol .



Pena & Gonzales (1993 mentioned that | the excessive arowth and
diffevent morphological development of mveelium inhibit citrie acid
production by the fungus 4. miger in the fermentation media containing
sucrose and norganic nurients such as ammonium pitrate and

ammoninn phosphate

I shaking cutture, Autodiploid strains of A. aiger were induced by
colchicines treatiment 1o vield higher citric acid than the parent suain

when glucose was used as carbon source (Sarangbin craf, 19944)

The citric acid production and it's concentration was increased
when the fungus  was growth in fermentation medium ol cuarob pod

extract at initial pH value ol 6.0( Roukas . 1998,

Pera & Cellieri ( 1999} explained that | the citric acid production
by Aspergiflus niger increased from 037 10 3.72 when 0,3y CuCla /1
was added to lermentition media L oas well L reduce the biomass
concentration and loose the tungal pellet form in the lermentation

medium .

Yunguo en of, {1999} mentioned that . the highest concentration
of citric acid in air 1in bioreacior by A. niger was achieved when higher

atr flow rate suppliced to the fermentation media

Saha e af, (1999) mentioned that, the addition of 2% ethanal to
the fenmentation medium . of A nmiger the vield of ciric wcid was 85 %
with average productivity 3.8 per liter per day  afler fiticen days of

incubation : moreover |, the veeld in repeated - batch  fermentaion

13



lechiiyue was 65% with average productivity ( 2.3g per liter per day )

alter sixieen davs of incubation

Sarangbin & Watanapokasin (19993 mentioned (hat . the mutant

strains ol AL adiger which was cultured with soluble starch medium

producud citric acid 1.5 time as much us parental strains
Janlong (2000} found thut . the presence ol n-dodecane to
lermentation media had no adverse cffeets on the cells ol A.riger while

enhanced citrie acid accumulation with addition of 5% (v/v) n-dodecanc |

Zhuang & Zhang (2001) mentioned that, the cultivated A, niger

lor the production of citric acid from livoglucosan fermentation medium

needed o longer incubation tme o consume the substeste .

Shojuosadati & Babaeipour (2002) explained that . under optimal
cultivation conditions | the fungus . niger in solid state bioreactor
produced 124g of citric acid from | kg dry apple pomace when used as »

~arbon source .

- . . . . . C T
Citric acid biosynthesis stimulated due o the reduetion of Fe~' tons
by the addition of 2.0 x 107M CuSO, 10 the fermentation medium, when

cane-muolasses was used as carboliydrides source (1 lag ef. af., 2002)

The citric acid production by the mutant strains of A, r:-r';;c'r wis
7h4 and 92.9¢/ from 200/l corn and potate starch when they used as
carbon source in the fermentation medium respectively . while the
parental strain producing only 1.44 and 1.2 from the amount of corn and

potato starch (Hagq. e of. 2003 a)



Hag ei. af.. (2005, b) found thal, the pellet formation and increases the
permeability the cell membrane of AAaiger  influences by addition of

methanol to fermentation median which ted © high accumulation of citrie

acud



3. Factors that efteet the  production of citric acid

[.5.1. Carbon sources

Many carbon sources were used as energy sources and means of
the growth of the cells Therefore . the carbon source can be obtained
from different sources 0 be avaitable to cells . Production of citric acid
from different carbon sources has been studied imensively and these

sources have marked effect on ciwric acid production by . niger

Nature ol sugars ind their coneentrations influence the vield of

citric actd by A miver ( Shu & Johanson . 18 1 A, niger can take up

simple sugars such as glucose | frucluose ur suciose [or high vield of ¢iiric
acid . Maltose and sucrose | two disaccharides | were found to be betior
carbon sources for production of eitric acid . while -1, niger readily
assimilates of citric acid trom these sugars | but the vields were lower

than from glucese ( Hlossain e, of.. 1984)

Yigioglu (1992) Yound that , combination of 1w sugirs in the
medium at 30% of each improved the vields of citric acid from sucrose-
elucose © glucose-sorbital 1 plucose-avlose  and xvlose  sorbial

combinations with the mutant strains of A. miger

[ {3



1.3.2. Nitrogen sources

Fhe nitrogen requirements Tor citrie acid production by the [ungus
was generally met by the addition of nitrogen source and biosvnthesis of
citric acid are highly cffected by the source and concentration of the

nitrogen present in the fermentation media { Grawal & Kalrw, 1995)

N0 ctoal, (L9R9) Investigated the effect of ditferent nitropen
sources on citric acid production by A sizer . They Tound that urea was
the most suitable nitrogen source in which citric acid production rexch w
32 ky per m' . Chen (1993) Fouud that . the best nitrogen concentralion
added to the fermentation medium of citriv acid  production by fungus
Aspergitlus foteidus was 2% of ammonium nitrate while Grewal &
Kalra (1993) reported that high nitrogen concentration increases bungal
growth and consumption ol sugars , but decreased the accumulation of
eitric acid . Tisnadjaja er. af, (1996 ) Found that . the presence of 0.53
o/l ammwonium  chloride 10 fermenation medium.  of  Cnelida

gullicrmondi sumulated citrie acid production

Yungue et af.. (1999) investigated the ability of A. miger o the
eitrie acid production when 2g/! of dismmonium sulfite was added 1o
the fermentation medium e Tound that | the percent of citric aeid wis

inereased W reach 0.5 % ol bicmass dry weight.



L.3.3. Maneral requirements
1.5.3.1.  Phosphorus source

The presence of phosphate in the medium has a profound elfeet on
the vield of ¢itric acid; even phosphorus compound inter in the structure
of antino acid and phospholipids. The addition ol phosphate o synthetic
medit was chusen according o the pli value and usually il supplivd in the
lorm ot polassicnt phosphite such as { potassium dilhiydrogen phosphate,
dipotassium hydrogen phosphate or tripotassium phosphate) { Hawker |

1968)

Grewal & Kalra (1993) seported that, phosphorus concentration
(0.5-3.0 %) was required by the fungus in a chemically delined medium
for maximum production of citrie acid . while Sarangbin &
Watanapokasin. (1999} used 1% powssivm dihvdrogen phosphate in yam
bean starch fermentation medium to produce citric ucid by protease-
negative  mutant strain ot o1 piver  Morcover, 1% of dipotissium

hydrogen phosphate was added as buffer to the  1Termenttion medium

which containing levoglucosin as carbon source ( Zhuang &Zhang 2001

£.3.3.2. Magnesimm

Magnesium is essential for growth and citric acid production due
lo its role as a cofaclor in a number of enzvime reactions in the cell and

- e . - . - -
the best source of Mg™ jon’s was magnesium sultate (Yigitoglu, 1992),



Tran. er af ., (1998) found thai. when  dilierent concentration ol
mg” ions added 1o fermentation medium of pincapple waste used as a
carbon source  stimulated the eiic acid production and the  best
concentration was 20 ppam Me™ jons . Marcover | Sarangbin &
Watanapokasin (1999} used the magnesiim sulliite in the fermentation

medinm of citrie acid production by A, siger
1.3.3.3. Trace elements

Trage element nutrition is probably the main factor influencing the
vicld of citric acid by the fungus s niger . such us Manganese | lron
potassium and copper which arz probably the main factors influencing

the citrie acid production {Grewal & Kalra ,1995).

Tran et ol (1998) investigited  the eflceed  of  different

concentration of MnSO, H=0 on citric acid accumulation they Tound that
- - - T+ ' .

the additon o 0.05 p.p.mof Mn™ ions o pincapple wastes medium

promoted the biosvnthesis of citric acid by the fungus A . niger .

Copper ions plav an important role in decreasing deleterious
effect of iron on citrie acid production. Jemeje er. af., (1982) mentioned
that, copper ions is an essential requirement for gitrie acid production and

aptimum concentration of Cu*’ was 30p.pam 1o high vield ol citric acid,
Ilag er o (2002) Throughout their investigation on the different

sources of copper ion’s . they found CuSO,.11,0) at the concentration of

-5 . - . . e . -
2.0 x 107 g was the best concentration for the production ol citric acid .

14



Tranen aof, (1998 study the ellect of ditterent ion’s concentration
on the production ol citeie acid . e found that | the addition of Sp.p.an ol
Fe2+ 1on's to pineapple waste fermemation medivm . the citric acid

content increased o reach 18 p /7 100 ¢ of div weight .

Addition of 2 my of FeS0Oy 2O to the fermentation medium of A .
figer highly  stimulated  citric acld  production  {Sarangbin = &

Watanapokasin, 1994)

1334, Temperature

The speed ol must chemical reactions increases as the twemperature
rises The temperature degree depend on the wype of microorganism used

production method and tvpe of medium( Tortora er. af. 1986) .

Mehrotra & Ivoti (1972 ) studied the effect of \emperature en citric
acid production by six strains of A. miver . Thev (ound that. the
iemperature requirement ditfered slighty with the sirain and carbohvdrale
used . but the optimum range of wmperature for acid production was

20-35°C

Japagianini eral, (19941 Tound that, the temperature degree 28 °C
i batch and fed-bateh culiure was optimal degree for citrie awid

accumulation by the lungus A, afger

In general the range of temperature applied was 25-33 °C . whereas
the regarded was 26-28 °C s the optimal temperature for citric acid

production The temperature degree more than 30 °C tend the biochemical



reactions to produce oxadic acid rather than citrie acid ( Ahmed &

Elnaway | 1999 )

Roukas {1999} lound thai . concentration of citric acid was
increased significant!y when the temperawne of fermentation medium
was raised from23C ° 10 30 °C and the maximum vield of citric acid was

al 30°C
1.3.3.5.0 Iydrogen ton concentration ( pil )

Hydrogen tons concentration {phl) vefer to the acidity or atkulinity
ot the solution and maintenance of low pll s essential for maximum

production ot citric acid { Grewal & kalra (1993 ).

Papagianni ef .al.. (1994) Explained that _ the higher pl1 value led
e lower citric acid formaion and high accumulation of oxalie acid in
fermentation media ,whereas at pH - 2.1 citrie acid vield was 60.52 g/l.
In stirred tank reactor high concentration of the  citrie acid was
obtained at pH 2.1 and lowest citrie acid production was at pll 4.5 .

when used as carbon source

Roukas & Harvey (1988 ) Tound e | ciuvde aeid heing the
predominant product at low pl value @ whereas, at high pH the fungus

A aiger accumulated gluconic seid

Kan & Ghose { 1973 ) reported that . citrie acid was increased by
increasing the phl valoe of the lermentation media of A, wiger and the

optimal mitial pt was found o be 6.3 .



Roukas (1998) mentioned that . the lowest value of pH {1.3} was
accompanicd with greatest accumutation ol ¢itric acid in carob pod

extract medimn .

Watanobe erad., { 1998} descrired that . the muximum antount of cutric
acid was achicved (90.02g/1) in cellulose fermentation medium when the

imitial pE ot fermentation medium was kept at 6.0,
1.3.3.6. Acration and Agitation

The important of aeration and agitalion in acrobic lermentation
processes is to supply the necessary oxyaen 10 microorganisms for the
metabolic activities 1o keep the microorganisms in suspension. The
staichiometry for the microbial production of ¢itrie acid can be described

by the following cquations.

(_Iﬁl'iuui,"‘!.j(_]g ------- }C;}IIHC}#E]-E;['_J
Cf-.|'l|10ﬁ. +00 —e- - 6[:03'}'“"3[:}

The first equation represents the oxvgen requircment tor the
oxidation of glucose to citric acid, and the second equation represents the
oxygen requirement for the complete oxidation of glucose to carbon
dioxide and water which s necessary for cellular maintenance and

metabalism inan acrobic oreanisim,

Clark &Lentz (19617 and Kristiansen & Sincluir (1979} found that
citric acid accumulation  increased sighificantly by increasing  the

concentrislion of dissolved oxvgen . Morcover , Khan & Ghose (1973)



reported that, incubation for five days at 300 rpm was the optimal

agnation speed tor citric acid production.

Dawson e ef, (1986) indicated that, by inercasine (he
concentration of dissolved oxyeen from 23 10 75 %ol the saturation value
the e acid vields increased from A1 o 60 %, and volumetric

praductivity imcreased from 99 my 1o 324 myg citric acid.

Dawson er .ol (1988) mentioned that . maximum ciwic acid vield
and high production rates were observed ai higher dissolved oxvgen

tension values ( 90% saturation ) in fed bawch culiure .

Roukas (1991} the highest vield of citic acid 28ke/100 ka div
weight was obained in agitated culture (300 rpmi. Ran &Sims (1994)
Tound that, during citric acid production, as the concentration of dissalved
oxygen was increased from 20 to 80 Y% saturation, the specilic oxveen
uptake and Specitic citric acid productivity increased o reach 160% and

71 %, respectively.

Papagianni er.af (1999) tound that. the high vield of citric acid ( 50
gfL ) by the fungus A, niger  was obtained afier six davs of incubation al
agitation speed 200 rpm .

1.3 4 Culture media

Industrinl microorganisims produce  a small amount ot desired
product . theretore | improving the processes productivity start by using

optimal fermentation condition and selecting the suitable medium . The

13



sclences investigated in the last few years production of ¢itrie acid by AL,

miger (Roukas, 1999)

Roukas & Kowekidou { 1997) nsed date syrup as a sole carbon
source for citric acid production | Hang & Woodams (1998) posiutated
that . corncobs could serve as a polential source ol raw material Tor
growth and citric acid production. While Tran er. af . (1998) usme
pincapple waste as raw material for citric acid production . Shankaranand
and Lonsane er. af., (1994) applied different agro-mdustrial waste such as
- Sugar cane , bagasse , coffee husk | and cassave bagasse for their
efficiency in production of citic acid by ALaiger . On the other hand
Zhuang & Zhang (2001) postulated that , levoglucosan can he UsINg as
sole carbon and encrgy source for oitric acid production | while Hag et
al., (2003 ay investigated direct praduction (o eitric acid rom raw starch

by A niper

1.3.5 The tungus

The Aspergilins niger is the fungus which commonly ealled black
mould . The grows widely and distribwied tom the aretic 10 the tropic
regions it produce large numbers of spores lhe L #iger capable ol
utlizing a enormeus substances for lood because 1t has laroe number of

enzymes . ( Elnainy , 1996)

To therr geal snzymatic activities » Aspergill emploved in sesveral
industrial proces «ws such as citric ackl and  gluconic acids  are
manufactured con mercially by A, niger | the inngus classified according
to Bold et, al., { 1380 ) as follow -



Kmgdom My cetea

Division Amastigomyeota
Class ; Ascomyeeles
Order : Furotiales
Familv Eurotiaceae
Genus Aspergillus
Species niger

I.3.0. Cuarob uce

The carob wee { Ceratonia sifigua ) 15 2 member  of
CESALPINIACE tamily and grown in Mediterranean areas . It has a
wide range of separate In muany towns of Tamahirive such as Cabbe
Akhdar | near Derna and Ras Al-Hilal .near Tobrouke { Ali & Jalvi .
1976 ) 1tis a large tree which grows 10 15 m in 30 years of wrowth { Fig.
b} . The annual production is about 330000 = 400.00 metrte tons .
Greece 1s primary producer with annual harvest of 21,000 tons . { Roukas

, 1998 )

-
L)



Fig( 1 ): Carob pod tree in wature ( Ceratania sifiquu )
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The carob tree doesn’t have any economic value on the idustrinl
scale in lamahiriya exeept some human industries such as carobh pod
Syrup or as animal feed . So the carob pod reeard a rich carbohydrate

source and can be used as substrate for citric acid production by 1. niver
.4, The aim of studv

The aun of this swdy was abowt the ¢itric acid production from carol
pod extract by the fungus 1. wiger | by usmg vy factors that stingulite
brosynthesis of ¢itric acid | such as effect of different incubation periods |
hydrogen ion's  concentration | Sugar  concentralions  ,  nitrogen
concentrations of NaNQ; |, mitrogen  sources | CaClyconcentration |
methanol and ethanol concentrations , amino acids as well A% CoOmparison

between stamlard medium and carob pod median with respect 1o cilrie

acid production by 1, niver .
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2. Material and method

2.1. The microorganism

Aspergiffus wiger EMCC 1132 was used  throughout this
mvestization . which  has been imported from Egypt micrebial culture
collection . Cairo MIRCEN . It was maintained on potato dextrose agar

slants and sub cultured at tntervals lrom 5-6 wecks { Fip, 23

2.2, Culture media

2.2, 1. Potato-dextrose-agar (PIDA) Medium

This medium wsed to maintain the Tungus strain throughowt this
study . and it prepared by boiting 200 p of pecled and sliced potato in
SO0 mledisulled water Tor 1 houwr . thercadter (i was Hlrated and 20g of
dextrose sugar and 15g of agar were added to tilaied process then the
volume completed to | liter . The hydrogen ion concentration {pH)value
of the medium  was  adjusted 10 4.3, and sterilized by autoclave (All
American model No25x avtoeluve ) at LS b 2in® and 121°C for 15
minute.  After that | the sterilized media distributed in Petri dishes of

adequate size and stored in refrigerator at 4°C
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ALY Stancdard mediam

standard medium has the tollowing composition g/l

Sucrose I
NHNO, 2
KHAPO, |
MeSO, 0.0125
Cusiy, .06
eC'Ls 0.001

The pH was adjusted at 4.3 using Digital pH meter and the vedume
completed to one liter by sterite =120 |

2.2.5. . Carob pod extracted media

The carob pod s o fruit ol carob tree { Cerutonii stligua ) were
collected from natural willed plants .in which the carob pod svrup was
used as earbon source throughout this study . Alier carob pod have been

collected the seeds removed and the careb kibble intused in o1 waller

over night Thereafier . the infusion was tilrated o remove the residual
kibble intended from this procedure . The residual solution from previous
step boiled for 7-8 hours and leave 10 cool 1o get the carob pod syrup .
The sugar concentrition of the syrup was 60 % ¢ ond used us carbon
sulree for growth ol the fungus A aiger wd production of citrie aeid .
In order w  prepare 300mi of fermentation media  of carob pod svrup

contaiming sugar a1 the concentration of 10 %, . I 2(mg carob pod extract



wis ddded o diml distillen wamer and 0.3 % ol NaNCk as g nirogen
souree was added . The solution was mix well and the P adjusted ta 3.3
(using 1 N NaOH and 10 %4 11CE) using hvdrogen jon concentration

instrument . Then the volume was completed to 300 ml
2.3. Activation ol the microoreanism

Aspergiflas piger ENMCC 1132 activated by repeating cultivation

in PDA slent medium every one month |

2.4 Tnoculum preparation

The cultures were incubated on PDA slants at 30 °C for 5 davs |

The Tungal spare were trnsported to PRA cultural media o pl ol LA
2.5, Culurat conditions

The fermentation media were adjusted w0 plt 3.3 ¢ using 0%
FICL and IN NaOH ). 0.3%  NaNO; as o nitrogen sowree was added |
after that . the media were distributed into 250 ml conical flasks in
tiplicate samples receiving cach 30ml of broth medium . There afier .
plugged and covered by aluminum foi} belore being auloclaved for 15
min. at 121 *C . Afier cooling the culture flask were incubated with 2% of
fungal spores suspension { Appr. 435107 3. The inoculation culture Nasks
were incubated for sufficient time at 30 °C and at specitically interval |
three replicates of each culture flasks were withdrawn for further analysis

4



2.6, Analyical methods
2.6.1. Measurement of mitial and Nhnal pH value

The adjustment of the initial sind Tinal hydrogen fon concentration
tpH ) value of fermentation medin was ob ained by using hydrogen ion
concentration instrument { pl I MITTER SCHOTTIYPE CG §42 ) .
2.6.20 Determination of biomass dry weight

To determine the biomass dry weight of Aspergiflus niger after

the end of incubation period . the fungal biomass was separated  from

fermented medium | using Bukhnar funnel . The funpal Myee

U s
dried overnight at 60-65 °C using Memmert 600 Oven . Thereafter, the
biomass dry weight was measured accurately using SCALTEC SPB 63

MODEL balance .

2.0.3. Estimation ol the ¢itrie acid concentation

To determine the citric acid concentraticn in fermented media 1 the
end ofincubation period 2 ! ml ol fermented broth medinm was titer
against | ml o NaOF using  phenolphthalein as an indicator in which
titlered Imi ol NaQFl equivalent to 62.03 ot citric acid {Dubois ef. of.,

1936) .

Tar
1ad



204, Estimation ol the initial and residual sugor concentration

Estimation of  the sugar concentration in carob pod syrup was
performed according o the deseribed method of (Roukas | 2000) . In
which Tl of coroh pod svrap diluted to 1000 ml distitled water then |
ml ob diluted syrup .1 oml ot 5% phenol solutton and 2 ml of concentrated
[L50; (90 %}y were added . Then the sugar concentriation was
caleulated  secordine w the standard curve previously prepared for
diflerent concentrition ol glucose  TO-100 mg/ ml as shown in Fig (3).
The optical  density was measured by spectrophotoieler  using

(JENWAY 6100 yat 490nm .
2.6.5. Determination of ehemical composition ol curab pod extrat

The chemica! content of carob pod exiract have been  determined

according to ACQAC | 1984 procedure as tollow -
2.6.5.1. Estimation of protein content of carob pod kibble svrup

The percentage  of prolein content was estemated  using the

lollowing equation :

Hydrogen content = 6,23 x .14
Protein percentage =
=

weight ol sample

Were
6.25 = prowin constan

0,14 = Nitrogen vanslant
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2.6.5.2, Estimation of soluble substances ( Fat percentage ) .

The amount ol fat in carob pod kibble svrup wus estimated by
Soxholate instrument from Gerhardt Soxthernt and petroleum ether { 60 -
80 °C ) as arganie solvent for Neen hours .
2.6.5.3. Lstumation of ash percentaoe |

10 g of carob pod svrup was taken and hurned using Muftle Fumnace

electric oven at 600 °C for five hour . and ash content estimaie in the

weight of sample using SCALTEC SPB 63 MODEL balanee
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2.7, Experiments

2.7.1. Effect ot different incubation periods on citric acid production

This experiment was developed o determine the best incubation
period for citric acid production by the fungus A wiger . The sugar
concentration in the medium was prepared ot 10 % and sodium nitrate at
coneentration ol 3% as a nitrogen source were added . Then the pH was
adjusted to 3.5, The medium were distrtbuted (o 230 ml conical lasks in
triplicate samples receiving cach 30 m) of broth medium before being
sterilized at 121 °C for 13 min . Adter incobation, the culture inoculation
media were incubated in shaking incubator (150 rpm yat 30°C lor (24 .
6.8 _and 10 days ). Triplicate sumple's alter each incubation period with-
drawn randomly for determination of final pl |, biomass dry weisht |

citrie actd coneentration and residoal UL

2.7.2. Efteet o ditferent pll values on citrie acid production

pany values of llydrogen ion concentration were applied
throughow this experiment . The media were adjusted 1o different pl
e (25.3.3.5.4,45,5,55,6.06,50d 7, using {IN NatITand
HO %HCL) respectively  the nivvogen source was added ot concentration

of 3% in the Torm of NaNO; . Afier that . the media were distributed into

Rad
b |



250 m! conical Masks in riplicate samples receiving cach 30 ml of bratl;
medium . The incubation were performed i 30 °C iy shaking incubator

( 150 rpm )for six davs | after that the final measurements were taken

2.7.3 Effcet of different sugar concentrations  on - citric acid

production

Different sugar concentration in the form of carob pod syrup were
prepared | 10 detenine the best sugar concentration thas promote ¢iee
acid accwmulation . The fermentation media were prepared o triplicate
samples containing (2.5 .5 7.3 O 123 015, 17.5 and 20 %) sugar,
The pH of sample were adjusted 104.5 . Afier six days of meubation e

samples were withdrawn for farther analysis

2.7.4 Eitect of different concentration o FNaNO; on eitrie acid

production

This experiment was designed 10 determine the best nitrogen
concentration that stimulate citric acid production Therefore dilferen
concemtrattons of nirogen source in the form of sodium nitrale were
prepared (01,02 03, 04 15 O DT 08, 09 and 10% ) in
triplicate form plus control { withowt nitrogen source ) . The experiment
continted for six davs . After that (he rephicates were removed {rom

meubator for the fingl measurements



2.7.3

Bifeet of dilTerent nirogen  sources on citric acid

production

This experiment was perlormed o invesiigate the best nitrogen source
that stimulate citric acid production . Different nitrogen sources namely
[( NHi) 2 SO20.3 %  NFLCL 0.5 %, NHy H- POy 005 % NaNOs L 0.3
Yoo Peptone © 03 %oand e L .5 % | were prepare containing
equivalent levels ol nitrogen with respect o that present in 0.5% ol
NaNO; . The sources were  added 10 fermentation muedia in triplicate
sumples . And The experiment continued for six days in shaking

incubator (130 rpm) . Thereafter . tinal analvses were 1aken

2.7.6. Effect of different concentrations of CaClls on citric acil

production

This experiment was developed 10 determine the etfeet of CaCls on
citric acid aeceumulation by the fungus A. siger . Therelore | different
concenuations of CaCls (.01 . 0.03 000 L0015 002, 0,75 and 0.30 % )
were added o the Termentation media in wipticate samples . incubated w

30 °°C Jorsin days , before being removed tor further analysis,

2.7, Elteet of different concentrations ol methanol on citrie

acul production

To determine  the best concentration of methane) that <timulate

citric acid production by oL wiger | triplicate sumples of  termeniation



media weie prepared (or eacl) concentration of methanal 1 0.5 .4 L 20
30,400 and 5.0 %) the experiment wis continned tor six davs . Then |

the fina: analvsis were taken .

2.7.8. Eftect of different concentrations of cthanol on citric
acid production
Different concenirations of ethanol CH. 203 04 and 3 9%) were
added 1o the fermentation media (2.7.7 ) in wriplicate samples to delermine
their effect on etric acid production . he expernnent was performed for

six days . Afier that | final anilyses were taken |

2.9.9. Effect of difterent concentrations of amino acids on

dry weight and citric acid production

After the  addition of the requirements of the media { 2.3.8)
different concentrations (2,3, dand 5 = 107 M Joi amima acids in the
form of ( lysine | cvsting slumic acid and asparagine ) were added
separately to the culture media in iplicare samples | The experiment was
continued for six days in shaking imcubior (150 rpm ) . Thereafier | the

final analysis were taken |

10



2.7.10. Comparison  between standard medium & carob pod

mediom with respect o citric acid production

This experiment was designuted  to compare between standard
medium (2.2.2 ) and stimulated carob pod extract medium { 2. 7. 9 ) with
respect Lo etric acid production . Triplicate sunples were prepared {rom
each medium before being sterilized ar 121°C for 15 min . After cooling
the medium was inoculated and incubated in shitking incubator{ 130 rpm
Hor six days at 30 °C | Al the end of the experiment the cuiture medin
were removed from the incubator | lor estimation of tinal pH . biomass

dry weight , residual sugar and citric acid concentration

1
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3. Results

3.1. The chemical compositton of extruct carob podd

The percentage of chemical content ¢ carob pod extracted  were

recorded in Table (1 .

3.2, Eftect of different incubation periods on citric acid

production by A. wiger

The etfect of different incubation pened on the production of cilrie
acid have been studied to detect the most proper ime for 2 maximum
production . The carob pod medium was used Jand citric acid had been
determined at interval tmes o' ¢ 204, 6, 8 and 10 dovs ) the resudis are

given in table (2and Ngure (4).

As shown the amount of citrie acid increased with the incubation
ume reaching 4.7/ 24.4 9% ) after six duys of incubation and then

decreased again with the wme reaching $.28g/L, (17.79 9% §alter 10 days.

The sume trained have been observed tor the biomuss dry weight
ahereas | 115 inereased with the time up o 23.6g/L. atter 6 davs .and

then started 1o decrease apain .



Table { 1} The percentage of chemical content of

exXLract .

" carob pod

F. ...1___._ 1 F| - — — —-n_!
Chemical content Y !

Sugar H() j

Protein 3.0 |

— i - |

I"at Ny H

———— — — S — " I

Ash | .2 I

4
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[tas clear that the most of the carbon sowree present in the
lermentation media was ulilized by the tungoes during the incubation
periods . The final pEl vulue was also declined specially alter 6 duvs of

incubation w o reach 3.16

The staustical analvsis  program  One-wny  ANOVA test al
significance level o = 0.03 ) showed that | there are o signiticant
differences ¢ P = .000 ) within veatmenis of biomass  dry weight and
citnic acid production . List signilicance difterences L5 [ test revealed a
signiticant differences in the biomass drv weight of AL aiger at differem
incubation period except ( 2 & 4 Jand { 6 & § } weatments . While a
significant differences are observed for ciwie acid production a all

incubation period |
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121t of diftferent pH values on citric acid production by

A niger

Fhe acidity of the medivm is a one of the most important
parameters which affect on the amount of the acid produced. The amount
of eitric acid has been determined at different pli- values varied from 2.5
up 1o 7 alter six days of incubsition time at 30°C, The results are given in

table {37 and by Iig (3)

In general | the amount of citric acid produced and the biomass dry
welght increased as the pli value increases and the vields was 3.06 g/l
{21% Ja pll value of 4.5 and the minimum vields 2712/ (1.6 %) al
pli 7.4 whereas - the highest amount ol bivmass dry weight of A, wiger

was obtained at pH 5.5 (25,13 ¢/1)

On the other hand . the amount of vesidual sugar decreased with

increases of pH values (o reach 00028 ¢/l a1 pll 7.0 .

The statistical analysis progrim one—way ANOVA (est at significance
level = 0G5 ) was used and the result showed that there are
significance difference (£ = 0.000 ) within treaiments in biomass drv
weight and  amount ol citric acid produced | LS Test revealed no
signiftcant differences in dry weight between treatments { 2.5 & 3.0,
(30&331.(3.5&400707.(48&45107.0).(4

A50835107.0),¢

A

&30 7.0
35800 T0),(00& 6570 and (0.3 &

7.0 }. In case of citric acid production. no signilicant dilterences obtained

43
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FIG{5)Effect of initial pH on dry weight and citric acid production
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Between cirie acid and pllreatments { 23 8 331 {23 & 600 (3.0 &

Lsa

Syand 305 & 6.0),

[

4. Lllecet of sugar concentration on ciwic acid production by

o iiger

This experiment has been carricd out to find the elleel ol dilTerem
suaar concentintions 0 the form of carob pod extract on e production ol

citric acid by A wiger | The results are shown intable (43 and Ggure (6

The results evident that . the amount of ciwie acid produced
mcereased with sugar concentration up to 1150 /L ( 4389 94 ) a1 3%
sugar content and then decrease again with Turther increases the sugar
percent in fermentation. medium . This indicated that |, the most suitable
sugar concentration 15 13% to get the maximom amount of citric acid

produced . While the towest amount of the acid 8,06 ¢/1. , { 28.9 %} was

obtained at sugar concentration ol 20%

As shown in presented data that ahe lowest value of 1inal pli was
detected at highest vields of citrie acid which reached 2.06 and only
(015 ¢/l ) concentration  of residual sugur was obtuined in the same

fermentation medium .

[t 15 clear that there is a direct relationship between biomass dry
welght of .. siger and sugar coneentration in the culture media in which
the dry weight increased  gradually to reach 28.0 o/ . in the culture

median containing 20 %
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One-way analysis ol variance ANOVA test at signilieance
Jevel (o =005 ) showed that | there are signilicances dilferenee (P =
GOOT ) within reatment i dry weight and citvic acied . LS Test reveuled
that . there Is significant difterences in biomass iy weight between
treatments except ( 23 & 5.0 {30 & 735, (50& 100y, (75&
0.0). (100&125), (125&130).(125& 12.5).( 12.5& 2010,
(120& 1750 3.0 150,20 yand { 17.3 & 209 . All weatments showed
signihcant dilference in cose ol ¢itric acid production except for ([ 17.3 &
2O Y

3.3, LElfeet of different concentrations oft NaNO; on dry

welght and citrie acid production by AL niger

To determine the besi nitrogen concentration required o pet the
maximum production of citric acid . dilferent concentrations of NaNO,
are used . The amount of citric acid and the  biomass dry weight of A,
niger afier six days of incubation at 30 °C . pi 4.5 and 13 % sugar are

calculated and given inwble (3yand Fig. { 7).

As shown | the highesi a mount of citric acid production was detected
in the culiure medium containing 0.5 % sodium mrate which reach 1o
1352 /L . (35.0% } and biomass dry weight ( 2347 g /1L ) By
[ncreasing of salt concentration , above 0.3 % have suppression effect on
citric acid vield and promoted fungal growth to reach 28.2 wil. at

concentration of 1 % NaNO; .
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FIG{7Effect of nane3 conceniration on dry weight and citiic acid production
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Lowest recorded of final pH value { 2.0 ) was oblained with highes
amount of accumulated citric acid . The amount of sugar was decrensed

by increasing the amount of mtrogen sources in the fermemation medium

The  statistical  analvsis program one-way ANOVA  lest at
significance level (@ = 0.03 ) showed that | thae are srniticimee
deference (P = 0.000 ) within treatments in bomass dry weight andd
citric acid result . LSD test revealed thar . there arc sigmficant differcnces
0 biomass dry weight betweaen treaument excepl (00 & 027 (02 & 0.3
). In case of citric acid production all treatments showed 4 s1pnificant

difference.

3.6. Effect of different nitrogen sources on citric acid production

by A, niger

This experiment was conducted to study the effect ol different
nirogen sources on citric acid production (o explore the best one There
for | different nitrogen sources containmg equivalent amouni of Ntrogen
present e 0.5 9% of NaN(); were apphicd and then amount of acid

produced was calculated .

The result n table { 6 ) and fig (8) showed that | ammonium
dibydrogen phosphate was more supertor than other difterent nitragen
sources with respect to citric acid production and the produced amaount

was 1485 g/ L (67.8 % ) and biomass dry weight 22.0 g/ 1. . Followed

7
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-

by sodiem nitrae where 1325 0/ [ (539 % ) and biomass dry weight

2503 el were obtained ot eitrie acid

The ather nitrogen sources namely peptone . wmmoniem sulphate
and urea proved to be unsuiable sources for citrie acid accumulation

comparing to that of control .

The highest vicld ol citric acid was associated with the lowes)
value of final pH and residual sugar which obtained in fermentation

medium contain ammonium dibvdeogen phosphate as a nitrogen source

The sutistical analysis program one-way ANOVA test at significance
level {w= 0.05 ) showed that . high significant dilferences ( P = 0.000
) within treatments in case ol blomass  dry weieht and citrie acid
production . Dunnett 1 - test revealed that . no signiticam difference
between hiomass dry weight and control © While . illustruted  high
srignificant difterences between( control & sodium nitrate } and { control

& ammonium dihydrogen phosphate ) .

3.7. Eftect of different concentrations o CaCls on citric acid

praduction by A, nicer

This experiment was carried out to detect the best concentration of
CaCly that stimulate citrie aeid production . Table {7 ). and Fig . { 9 )

showed thar | the additon o CaCly 1ot

e lermentation at coneentralion of
0.05 % highly stimulaed citric acid production to reach 13.6 of[.
( 73.0% ). While . the amount obtained biomass dry weight was 23.6 ofl,

in fermentation medivm containing 0.01 % CaCl,

i)
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It 15 clear thay L the value of 1inal pld was decreased inall veaed
mudia and the Towest pEL value was 178 obtained in medium contaiming,

(.01 Calll.s .

The statistical  analvsis  program  one-way ANOVA  test al
stgniticance level {u = 0.03 ) showed thay, high significont differences
CP= 0000} within treatments ol biomiass dey weight and citrie acid
production. Dunnctt (-test indicate that |, there's signilicance dilterence

between . (0.01 . 0.03 ) comparison with control of drv weight . While

dhe resalt of oitrie acid showed thar |, high signilicanee difference

between 0.03 % concentration and conuol .

3.8, Effect of methanol concentration on citric acid production

by Al niger

This experiment was camicd owt to determine the most suitable
concentration of Mcthanol to be added 10 the fermentation medium for

citric actd production by A . aiger .

The resultin tble ( 8 ) and Fig . { 10 ) showed that . the presence of
3.0 % methanol 1o fermentation medium increased the citrie acid
production to reach I7.61 g /1 { 92,02 %4 ) and the biomass drey weight
was 19 o/ L By increasing the methanol concentration above 3.0 %
reduced citrie acid production  when compared o the amount of citrie

acid produced in contrel medium .
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FIG(10)Effect of methanol concentrations on dry weight and citni¢ acid production A, niger
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The bromass driv weight was shightly inercased o the medium
containing 0.3 % and 1% of methanol respectively o reach | 20,30 ¢/ )

iy both media .

It 15 not worthy 1o stat that | the final pH values was deercased iy all
treated fermentation medium © The best value of residual sugar was

nehieved at 2% maethanal { 0L012%

The statistical analvsis program one-wiy ANONVA test at significance
fevel ( @ = 0.05 ) showed that . hieh signilicant ditference ((p = 0.000 )
within treatments . Dunnett =test revealed | there are no signiticunce
difference belween beatments ol dry weight compared with the contral .
BBut there is a signiticant ditferences in the concentration ol citric acid

production between treatments (control &2.00 % ) and {control & 3.0 %)

3.9. Etfect of cthanal concentration on citric acid production

by A. miger

This experiment has been carried out 0 Hind the etfeet of the

addition of diflerent cthanol concentration (o carob  pod medium on

w
production of citric acid by A wiger . The experiment was continued for

six days at 30 C° and the results presented in wable (9) and Fig (11}

The results indicoted  that . the highest amount of citric acid
accumulation by the fungus 18.06 ¢ / 1L, { 91.0 % ) was ubtained in
culture medium containing 2 % - Morcover |, it is clear that there 1s a
divers relauonship between biomass dry weight and concentration of

added

iy
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cthanol , and the lowest amount of divoweight was 1200, g0 500

¢thanol .

It s clear that | the Towest final PH value were increased with the
amount of added ethanol in medivm Fhe lowest value of residual sugar

was oblained at 3 % of ethanaol

One-way ANOVA test at significance Joy el {u=0.03 showed tha ,
there are significant dillcrences | p = 0000 ) within weamens in
biomass dry weieht and ¢itrie aeid production . Dunuett t-test revealed
that there is no significant difference berween treatments biomass drv
weight compare with the control . For citric acid production revealed

significant difference between trearment [contro]l & 2.0%) .

3.10. Etfeet of amino acid concentralions on citne acid

production by A. niger

This experiment was developed to determined  the elfect of
different concentrations  of some aming acid on ciiric acid production

in carob pod medium by A niver.
The result in table (10) wnd FFig (12} showed that . glutamic acid

was lound 1o be the best seleeted one among the aming acids | siudie

Inthe present investigation with respect to the citrie seid |

ol
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The highest concentration ol ¢irie acid was 20.83 s/l TR A0 up )y
was obtamed o fermentation medium contain 4 > 10°! M glutamic aeid
Jfollowed by asparagine at concentration ol 5 = 107 M m which the
amount of accumulated citric acid cqual 19.99 w/l. (142.7 % } . On the
other hand Tvsine and exvstine slightly stimulated citrie acid production

specially at concentration of 5 = 1™ M when compared with control .

The highest amount of biomass dry weight 18.20 ). was obtained
in fermentation medium comtaining 3 =10 A glutanic acid . The fipal
pH value was decreased in all fermentation media . the lowes restdual
sugar was 0.009 /). in fermentation medium coitaining 2 - 1§

asparagine .

The siatistical analysis  program One-way ANOVA test af
significance level(g = 0.05), showed that, high significance  difference
(p=0.000) within (reatments, Dunnet  t-test revealed,  there is a
significance between glutamic acid  and  conrol o concentration
1.0x10°M  compared with control. while asparagine | glutamic acid and

. . - =% ' o "o, '
Lstine at concentrition 5 ¢ 107'M showe] signthicance  difference in
citric acid production while » ere’s no Significant dificrence between

all treatments i hiomsasy ry weigh,



30T Comparison between standard mediom and carob pod

extract medium with vespect 1o ¢itrie acid producton.

The result in Tabled T and Fig (133 showed that . the carob pod
medium was more superior than standard medium with respect 1o citric
acid production by the fungus . niger © in which the amown of produced
eiric acid in carob pod medium is about 15 folds more than of standard
medium . The recorded amount of ¢itric acid was 20,97 o/l { 139.79 %
in the case of carob pod medium and 1.36 gfl. ( 103.1% ) in case of

standard medium respectively .

One-way ANOVA (est, showed that | high signiticance difference
within treatments. The statistical programs T-test  revealed there is o
significant ditference between  standard  medium carob pod  extract

medivm .
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Chapter Four



. Discussion

It has been recorded that eitric acid production by microorganisms |
spectally A, miper  affected by chemical and phvsical properties of the
fermentation mediym (Papagianni | er af . 1998 - Tanlong | 2000 Iag,
ef Lal L 2003 4y (herelore » ifferent experiments were designated

throughout this sty to determine these cflects

The first experiment was apphed to determing te elteel ol incubation
periods on the production of citrie acid by the fungus 4. miver and the
results showed that this fhetor play an imporant rele i eitie acid
production . It is lound that six days of incubation period was VOTY

suitable for this process .

The obtaied data was agreed with the resuls by ( Yigitoglu | 1992 ;
hanlong _ 2000 and Hang & Waodams 2000, 2001 ) . They recorded
that six days of incubation was (he best period for citric acid prodaction

by the A, niger using ditierent carbon sources |

On the wther hail, Chien {93990 0 Sahaer af, ¢ 1o Fourkis
CCPR9YY and Shoaosadan & Babueipour (2002 ) tound it . the
suitable pertod of incubition tor production of citric acid by ol nfwer

were 8, 7, 14,12 and Sdays respectively
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The decline in citric acid concentration afier six days ol incubation
might be due 1o a gradual decay in the enzvme system responsible Tor the
production af citric acid upen the decrease of the fermentable sugar

{ Firedrich er. af ., 1993 : Roukas 1998 § .

The decreased in citric actd production could he attribuied 1o i's
break down due 1o the e eflvet ol accumulated waste products md

also exhaustion ol the available cneroy source { Roukas . 1994y

The daa obtained from difterent investipations indicated  tha |
there Is no agreement about optimal initial pHi to citric acid production |
The rate of almost all enzvmes catalvzed reaction exhibit a signilicant
dependence on hyvdrogen ion concentration so the pH atTects the activity
ol Kev enzvimes and metabolic pathway in vivo celis ( Torora ef. af.

1956 : bozakouk . 2042 )

The data present in table (3 ) and fig (3) showed that | initial pll ol
the medium greatly elfected  eitrie acid production by #, miver . The
aptmum initial prlvalue for the highest accumulation ol ¢itrie acid by

the fungus was obtuined a0 pH valve of 4.5

The recorded pbl value in this experiment came in a close agreement
with the result reported by Papagianni er. af., (1998 ) and Haq er.af.,
2005 b JThey found that | the optimum initial pH value in the

fermentation medium was detected to be 1.5

On the contrary (Yigicglu 1992 1 lemneje e, af.. 1982 1 Saba o, af,

1999 HMaq et ol 2003 a) Tound the optimum pll values for production



of ucid were 2.8, 2.5 . 3 and 6 respectively . These dilference might be

due to the nuture of the substrate und tvpe ol Tungal strain

Imitial pH value above 4.5 inhibited citric acid production . This
finding might be due o the accumulation of Na jon's in the fermentation
media which inhibit seeretion of citrie acid from the fungal cells (Elghory
4997) or might be due 1o geceumulmion of the waste product which
consider as toxie Tor the fungus and furthermore decrease the productivity
of the o sriger Tor citrie acid produciton or even stop the production

process { bozukouk | 2002 )

The recarded data also fndicated that citrie acid production by he
fungus was highly stimulated by increasing initial sugar concentration in
fermentation media . The masimum yield of citric acid achieved in t5%

SUgar

Such results are similar to 1hat obtained by Sarangbin &
Watanapokasin { 1999 ) and Jernje & Legisa { 2002) . They observed that
the best sugar concentration in fermentation medium {or stimulation of
citric acid production by A. siger was 14 % . Moreover . Rugsasee] . e
e {1995 ) and Kirimuwra er o, (0 1999) stated that 12 % sugar in

fermentation medin was the best

Chithe uther hand Chen ¢ 1993 pand Banlong . ¢ 2000) studied the
effect ol sugar concentration or eltric acid production by A. wiger . and
they tound that . the presence of stugar at concentration 20 % wreatly

stimulated citrie acid production
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The observed results w thes experiment could be atributed w the
presence ol ditlerent menosacchandes and disaccehrides vontents ot the
carob pod . This monosaccarides and & acchrides includes ( glucose .
Fructose . maltose and sucrose y This tvp s ol sugars consider as the best
source of earbon which used for product an of citric actd by A nmiger |

Rouwkos . TOUN T,

The presence ol initial sugar more an 15 % in lermentation media
shightly inhibited citric acid accumulatio  but stimulated fungal growth |
due to the conversion ol the sugar to | omass rather than citrie acid |

similar results have been explained by Re akas { 1998 ) .

The effeet of nitrogen concentration i the form of sadium nitrate
an fungal growih that stimulaied biomas . of citric acid by the fungus -
niger was also studied | the results revesled that the prescnee of sodium
nitrate at concentration ol (003 % was very suitable Tor Tungal srowth for

the production of maximum amounts of citric acid

This result was agreed with those reported by Chen o 1993 ) .
Saha e0 ol { 1999 ) and Jianlone | { 2000) . They observed the best
concentration of mitrozen source { Nan(O); ) that stimulated cune acid

production by the Tungus A. #iger was 0.3, 0.5and 0.6 % respectively .

On the contrary Chen ({1996 ) and Tlag L er of,, ( 2002 ) recorded
that . .2 % ol wmmonium sulbhate was best concentration of” nivogen
souree added w Termenttion mediont swhich stmuedowed  cione acid

production by A, miger

40



Therelore | ane can conchuded that nitrogen concentration play a
mmportant role in citrie acid produciion and having two etfects - one eftect
was negalive . since inexcess ol nitrogen promoted a bigeer erowth and
consequently diverted the source of carbon toward energy and biomass
production . The other eflect was positive . because a moderate in put of
nitrogen contributed to the maintenance of civie acid production { Chen |

1993: Saha eral . 1999 © lianlongt . 2000 ; Haider & Al-bareathy 2003 }

The results of the presence of different nitropen sources in
fermentation media . revealed tha | the source of nitrogen in form of
ammonium salts was more superior tham other nivogen sources . Similar
resulis have been explained by Yigiwoglu { 1992 ) who postulated that
ammonium compound Tound 1o be the best nitrogen souree that provide
acidic condinon o the Termentaton and  stimulited e aeld
accumulation by L aiger due o setivation ol the enzyvimes involved in

the tmetaholism

Moreaver | the resulls showed that ammoniem dibgdrogen
phosphale was superior that other nitrogen source for the highest
production of eiiric acid . This result agreed with the results obtained by
several investigators {Roher.eral, 1983; Kubick & Roher, 1985 ; Chen .
1999). While Xu, er. af {1982)rcported that nitrogen source in the form
ol urea greatly stimulaed citrie acid  production comparing 1o ather
nitregen  source . This finding  might be  due 10 composition of

fermentation media or due 1o the nature of fungal strain

b



It has been contributed thar 1he presence of calcium jon i ihe
termentation media of the tungus .. niger played an imporiant role in
tricarboxylic acid cvele (citric acid cvele) . because  ihe activily of
prouvaie dehydrogenas responsible for the production of Co-cnzyme A
{ Voet & Voel , 1995 ) .Therefors: different caleium fon concemration
were applied  throughout this experinient and the results revcaled the
(.05 % of CaCl, highly stimulated citrie seid producton Pera & Callicr;
L1997 1999 ) explained that the addition of CaCly at 0.05 Y 1o (he
fermentation medivm inhibit cel] builching and increases the absarplion
of phosphate and carbon by the fungus A. niger and highly stimulated

citrie gcid accumulation i

The recorded resull in the present stucy was similar 1o the results
explained by El-hashmy | ( 2000 ) who noted that the addition or (.05 o,
Cally 10 the acid hvdrolysis of suwdus) powder fermemation medium
was ureatly stimulated citric acid accunudation by oL wiger Pe &
Catlieri | { 1999 ) stated 1hat , lhe positive effect of caleiun might be
relaied 1o the increase of the mycelial branching level which probably

favour the forination of pellet and fmproving the process

The cffect of the addition differen methanol concentration ty (he
carch pod medim was also studied The results revealed that methannl
nihibit fungal growtly ai deday spore formation but stimulare citric acil
production . "I'his finding might be relaed 1o effect of mellkinol on the
permeabtlity of cell membrane withouw altecting metabolic pathway of
citric actd accumulation allowed citrate 10 excreted from the cell §
Roukas & Kotzekidou 997 ). Also stimulate the activity ol the enzyme
citrate synthase which catalyze the condensation behwveen acetyl Co-A

and oxaloacetate to produce citric acid (Hager, af , 2003 b )

B2



The result ndicated that . high accumubation ol the citrie acid was
achieved at the presence of 3 % methanol | Similar resubts have been
ubtained by muny investigators { Hang & Woodams | 1998 1 Navartham |

ef al. 1998 Roukas . er. af., 2002

Methanol  concentration above 3 % inhibited  citric acid
accumulation . due to the disruption of fungat metabotism and mveelial

morphology ( Haq et «f., 2003 b) .

On the other hand . Roukas . ( 2000 ) found ih . the accumulation
of citric acid in fermentation media of fungus #1. miger  increasing by

increasing methanel concentration up Lo 6 % .

While the addition o ditferent ethanel concentranon to the carob
pod medium showed mhibition eifeet on fungal groseth and promotion i
the biosynthesies of citric acid specially in fermentation medium

containing 2 % ethanol

This results came hand to hand with resubt o many investigators

( Mamissa . 1978 @ Fag & Deng 1995 0 Hang & Woodams | 19386 ) .
Who recoveed that the highest production of eitric acid by the Tungus 1.
siger was achieved  when the coneentration of ethanol in the

fermentation media ranged between 1-3 %,

This result might be related to the difference  in metabolic process
of the fungi which leading o production ol acid . This metabolic process

include increases in citric acid synthase activity which responsible for



svithesis of citrie acid and decrewse aconitase activity as o resalt of

addition of ethanol { Manonmanm & Sreckantiah . 1989 ).

Robert eral. ( 20053 ) observed that the activities of uthere ‘TOA
cyvele enzvmes inereased shightly and cirie acid firstly after addition of
cthanol with slow degridation of citric acid consequent to reduce in
aconitase activity o Also ( Bhat e of.. 1980 1 have stated that ethano!
might be converted 1o acetyl-co A which is required for citie aeid
tormation . Ethanal also act as carbon source which inereases te inflow

of carbon (hrowgh the cire acid cvele { Roukas . 1998 3,

The present investigation also revealed that the addition of amino
acids at certain coneentration ulso stimutate citric acid accumulation by
the fungus A, miger and the highest production was achieved when
clutamic acid was added to the fermentation media at concentration of
4>10™ ML This results agreed with results of Lai & Srivastave . ( 1982 )
who staled that | the presence of elutamic acid ¢ 4 <10 ™) highly
stimulated eitrie acid production amd the optimum vield was 76.7 % of

the wotal fermented suwar .

The stimulation effeet ot glutamic acid  tor highest production ol
citric acid by A miger uppears 0 be due 1o the Tact that glutamic acid
gives rise 1o u-ketoghurate by the reversible reductive amination . since
u-ketoglutrate are will known intermiediate of Krebs cvele which then

converted 1o oxaloacetate (Conn & Stumpf. 1975).
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The citrie aerd eycele is not only a pathway Tor oxidation of twao-
cirben units e is alse o major puthway for interconversion of
metabolites arising from transamination and deamination ol amine aeids
talse provides the substrates for amine acid svnthesis by transamination
and ransaminase reactions tor pyrovale trom alantne . oxaloacelale

trom aspartae and a-ketogluwate from gluitamate .{ Robert ef. af.. 2003 )

The result of the comparison between carob pod extraet and
standard medium showed that carob medium was supported  {ungal
growth ¢ 13.1 g/, ) and highly stimuled citric acid production { 20,97
ofl. 13979 % ) when compared o the resubts obtained in the case of
standard medium in which the fungal growth was inhibited ¢ 1.35 w/L )
which was dircetly atfected on the amount of citrie acid accumulanon in

the fermentation medium { 136 /L 1031 % ).

The wmount of citrie acid praduced by the fungus i carob pad
medinm was about 15 folds more than produced T the standard medium .
This mean that carob pod medinm was highly superior than standard
medium with respect to fungal growth and ¢itie acid production due 1o
the optimization ol the caroh pod medium by addition most of the tactors
that stimulate biosynthesis of citrie acid and also mighn be due to the
presence of certain factors in carob pod extract which stimulate the

process.



Conclusion

- The mean aim of this study , which is the henetit from carob pod
CXLFACTs as a raw material tor the production of citvic acid by A. #iver
has come 1o true and been achieved .

2- The Carob pod extrect medium  illusteated high productivity

in production of citric acid by /L. niger
3= The study proved that the carob pod extract contain ¢ 60 %) of sugar .
4= Addiion ol some factors { Nitrogen . aleobol and amino acid ) 1o

fermentation media have profound eflect on productivity ol

el niger
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Recommoendations

Many myestigations should  be done to determine the production

ol eirne ucid by A, nfger from cheep different carbon somrees .

The productivity ol lungus A wiger wocitic acid should by

mproving by inducing wenetic mutations .

the incorporeal  and finical support should be provided tor this

Lind of studies

Many studies should be made . depending on the pesult’s of 1his

work as economical program to importance of the citric acid in

many industries |
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