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                                   Abstraet

        During screening  of  fungi-producing pectic enzymes,  a  strain  of  Aspergillus

     nt]ger  JU has been selected  as  the most  potent erganism.

        Tl)e optimum  cultural  conditions  for the  production  of  the enzymes  by the

     organism  were  pH  4.5, period  of  incubation 7 days, temperature  300C, and  volume

     of  inoculum, a  O.5 ml  suspension,  containing  5× 103 spores  per 30 ml mediurn.

        The  shake  fiask process was  superior  to the  stationary  culture  process in giving

     a  higher yield of  the enzymes  in a  shorter  period of  time, indicating that  adequate

     aeratien  is essential  for optimal  yield of  the  enzymes.  Studies on  the  effect  of

     carbon  sources  on  the procluction of  pectolytic enzymes  by A. niger  JU indicate

     tbat pectin at  a  leve! of  4 percent gave  a  maximal  yield of  the  enzymes.

        The  organism,  A. niger  JU, utilized  both inorganic and  organic  nitrogen  sources

     for growth and  enzyme  production. Among  the  inorganic nitrogen  sources,  amrno-

     nium  nitrate  gave  an  optimal  yield on  the  7th day, while  the  maximal  yield of  the

     enzymes  was  obtained  with  peptone  as  the nitrogen  source  on  the 6th day of

     fermentation. Organic nitrogen  sources  were,  however, superior  te inorganic nitrogen

     sources  in giving  a  maximal  yield of  the enzymes.

         The  level of  pectolytic enzymes  in the fermentatlon broth reached  a  rnaximum

     va]ue  when  the C/N  ratio  of  the rnedium  was  10.

         The medium  that al]owed  maxirnum  development of  mycelium  did not  necessarily

     give an  optimal  yield of  the enzymes.

                                 Introduction

    The  practical application  and  use  of  peetin-degrading enzymes  in the fruit pro-
cessing  industry for the  production  and  clarification  of  fruit juice dates back about

forty years. Advantages of  enzymatic  treatment  of  fruit pulps and  juices for extraction
and  clarification  respectively,  have been detailed by  Reld,i'!) Kertesz,S) Tresslei and

JoslynD Charley,"> Sreekantiah et al.,e) JosePh et  al.,') and  Yamasaki et al.S)  Deuel and

Stutz"} reported  that pectolytic enzymes  are  produced by various  plants and  micro-

organisms,  and  also  by certain  animals.  A  great variety  of  strains  of  bactefia, yeasts,
and  molds  are  capable  of  producing  pectolytic enzymes.  Although considerable
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studies  have been made  with  tlie pectin-degrading enzymes  from different sources,

the enzyme  preparations for use  in the food industry are  of fungal origin  because

the optimum  pH  of mould  enzymes  lies very  near  the pH  of many  fruits, which

ranges  from 3.0 to 5.5.

    Extensive reviews  by Demaln  and  Phaffie) and  Endoii) show  that members  of

the  genera  Penicillium, and  Aspergillus, and  other  fungi, like Rhi2opus tritici, St]lei-otinia

libef'tiana, Botr:ytis ce7iera, fFleesai-iunz monilij(bfwie,  and  Coitiotdyi"ium diplodiegZa

produced  pectolytic enzymes.  In addition,  many  of  the plant-pathogenic fungi and

air-borne  speres  of  Aspergil!us species  are capable  of  producing  pectic enzymes  as

reported  by Puvgi et aLi2)  and  Deuel and  Stutz.") Detai]s of  the  commercial  production

of  pectolytic enzymes  are  rather  scanty,  but there are  two  examples  in the  B.I.O.S.

report.ia)  Limited information is available  on  the culture  methods  empleyed  for the

commercial  production of  pectic enzymes.  Some of  these  are  apparently  produced

on  solid  bran cultures.i`"5)  Most  laboratory studies  have been made  with  either

surface  cultures  or  shake  flasks.iG-i8) According to Brc}oks and  Reid,i6) Aspergillers

foetidus produces  both endopolygalacturonase  and  exopolygalacturonase  in surface

cultures,  but only  endopolygalacturonase  in submerged  cultures. The  food technologists

are  concerned  with  the  action  of  commercial  enzyme  preparations, which  are  complex

mixtures  of enzymes,  on  fruit juices and  pulps, etc.,  that are  mixtures  of  heterogenous

substances.'9-ZO)  The  present investigation is, therefore,  concentrated  primarily with

studying  the  fermentative production  of  the overall  pectin-degrading enzymes  by
submerged  growth  in shake  flasks.

    The production of pectic enzymes  by microorganisrns  is dependent to a iarge

extent  on  the metabolic  characteristics  of  the  cultures,  According to Kertesz,E'･'2)

a variation  in the  composition  of  the medium  will  cause  a shift  in the  metabolic

products produced  by the organism,  which  have a profound effect  on  the rate  of

the  enzymes.  The  effect  of  different carbon  and  nitrogen  compaunds  on  the production

of  pectolytic enzymes  by fungi was  studied  by Fernando,23) Willaman  and  Kertesz,2`)

Phaff,25) Puvgi et  al.,i2) Gupta,2") Chatterjee and  Bose,2') Tuttobello and  Mill,2S>

Sreekantiah et  al.,2") Yamasaki et al.,SO) and  Moldabaeva.Si) Saitoi') studied  the factors

affecting  the production  of  enzymes  in shake  flask cultures  of  A. niger  and  has

reported  that  endopolygalacturonase  is adaptive  to the presence of  pectic substances.

Kantio32) has reported  that the pectolytic enzymes  produced by A. niger  are  adaptive

to the presence  of  pectin. Phaff and  Demain33) have demonstrated that both pectin
esterase  and  polygalacturenase of Renicillum chn)Jsagenum  are  induced by pectic

materials,  D-galacturonic  acid,  mucic  acid,  and  L-galactonic  acid.  Attempts were  first

made  to screen  out  molds  from soils, decaying fruits, etc., for tihe seleetion  of  a

potent organism  glving a  hlgh yield of pectin-degrading enzymes  and  then to determine

the effect of  dlfferent cultural  conditions  on  the production  of  the  enzymes  by

A. niger.  The  effect of  different carbon  and  nitrogen  sources  on  the  production of

pectolytic enzymes  by A. niger  JU is also  reported  in this paper.
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                          Materials and  Metheds

1. Selection of  the organism  Although the ability  to produce  pectolytic enzymes

is widespread  amongst  microorganisrns,  it was  necessary  to screen  them  in order

to obtain  highly active  strains.  Organisms employed  in our  investigations were

obtained  from a  wide  variety  of  sources  such  as  soils,  rotten  fruits, and  other  plant

materials,  and  also  from the culture  collection  of microorganisms  maintained  in the

Department  of  Food  Technology and  Biochemical Engineering, Jadavpur University.
Special attention  was  given  to  infected and  rotten  fruits, such  as  oranges,  pears,

guavas,  apples,  and  bananas, whose  high pectin content  might  be expected  to  encourage

the development of  pectolytic organisms.  The  majority  of  the organisms  studied  were

molds  belonging to the  genera  Aspergillus, Penicillium, and  Rhizopus, all of  which

are  well  known  as  producers of pectolytic enzymes.

    Rapid screenlng  of  arganisms  with  pectolytic activity  was  done with  modifications

of  the method  of  Tuttobello and  Mill.2S) In this method,  the organlsm  was  inoculated

separately  into test tubes  containing  9ml  ef  5 percent  pectin in 2 percent  malt

extract  at  pH  4.5, whereas  Tuttobello and  Mill2S) employed  a  medium  of  9 ml  of

5 percent pectin in a2  percent aqueous  extract  of  ground  nut  meal  at pH  4.2. In

the  presence  of  pectolytic strains,  there is a  reduction  of  the initia1 high viscosity  and

the  turbid  material  in the rnedium  gradually precipitates, leaving a  clear  zone  at the

top of  the tube. This zone  increases in size  with  time,  and  this increase is a  function
of  the pectolytic activity  of the organism,

    After preliminary screening,  two  selected  isolates were  further studied  by a shake

flask metliod  for the  production  of  pectolytic enzymes  in the  sucrose-pectin  medium

(I) of  Tuttobello and  Mill,28) consisting  of 2%  sucrose,  2%  pectin, O.2%  NH4N03,

O.2%  NaNOs,  O.05%  Na2S04, O.5%  MgS04-7H20,  O.05%  KCI, O.1%  K,HPO`,  and

a  trace  of  FeS04  (pH 5.0) and  in the  Medium  (II) of  Yamasaki  etZzl.,"O' consisting

of  3%  sucrose,  O.75%  pectin, O.58%  NaNOa, O.5%  ammonium  tartarate,  O.O03%

yeast extract,  O.05%  MgS04･7H20,  O.5%  KCI, and  O.1%  K2HP04  (pH 5.0). Thirty

ml  of  the  medium,  placed in 100 ml  Erlenmeyer flasks, was  inoculated with  O.2 ml

of  a spore  suspension  containing  2 × 103 spores  prepared  ft'om a  well  sporulated  cult'ure

(5 days old)  with  distllled water.  The  flasks were  then  incubated on  a  rotary

shaker  (150 rpm)  at  300C  for 7 days.

    The  culture  of  A. niger,  seleeted  as  the most  potent organism,  was  maintained

on  sucrese-pectin  Medium  (I). Inoculated slants  were  incubated at  300C  for 5 days
and  then  stored  in a refrigerator,

2. Various factors influencing the  production of  pectolytic enzymes  The  optimum

conditions  for the  product{on  of  pectalytic enzymes  by A. niger  in sucrose-pectin

Medium  (I) were  worked  out  by keeping all the factors constant  except  the one

which  was  varied.  The  factors studied  were  (a) pH  of the medium,  (b) time perioa
Qf incubatioq au.d method  Qf cultivation,  (c) temperature  of  fermentatiQn, (d) aeration,

                                                            NII-Electronic  
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and  (e) inoculum volume.  Fermentation conditions  were  the  same  as  described

befere. Growth  was  determined as  the dry weight  of  inycellum.  The  rnycelium  was

separated  by filtration through  a Buchner funnel, washed  with  water,  and  dried at

900C  overnight.  The  enzyme  activity  of the culture  filtrate was  determined by the

method  described below.

3. Assay of pectolytic enzymes  The activity  of  tlie pectolytic enzymes  was

determined by measuring  the  reduction  in the viscosity  of  a  standard  pectin solution

at  a  given temperature,  enzyme  concentration,  and  reaction  period as  recommended

by Kertesz,3) Reid,2) Charley,5) Endo3" and  Tuttobello and  Mill.S5) This method  gives

an  appropriate  estimation  of  the  activities of  a  mixture  of  esterase, polymethyl-

galacturonases, and  polygalacturonases. Throughout this work,  one  viscosity  diminish-

ing unit  has been taken  as that arnount  of  enzyme  which  reduces  the viscosity  of

1 ml  of a 1 percent solution  of  pectin by 50 percent in 10 minutes  at  pH  4.8 and

300C.ali) Percent viscosity  change  was  calculated  from the  equations  of Rdboz  et  al.,S6)

                                                                   '

                percent viscosity  change=-'-Vvhl  Ul × ioo

where,  Vli=flow time  in seconds  of  pectin and  heat-inactivated enzyme,

           Vl=flow  time  in seconds  of  pectin and  activated  enzyme  at  reaction  time,

           V;=:flow time  in seconds  of  the buffer and  inactivated enzyme.

4. Seleetlon of suitable  carbon  and  nitrogen  sources  The effects of different

carbon  and  nitrogen  sources  were  studied  in tlLe basal medium,  consisting  of O.05%

Na2S04, O.05%  MgS04･7HiO,  O.05%  KCI, O.1%  K2HP04,  and  a  trace  ef  FeS04-7HiO

 (pH 4.5). For studying  the effect  of  different carbon  sources  on  the production of

 pectinases, various  carbon  compounds  were  added  in 4 percent concentrations  to the

basal medium  containing  NH.N03  (O.2%) and  NaNOs  (O.2%), while  the effect of

 different nitrogen  sources  was  studied  by adding  a  given source  (nitrogen leVel at

 102.8 mg  N2 per 100 ml)  to the basal medium  containing  an  optimum  amount  of

 the  superior  carbon  source.  Solutions of  carbohydrates  were  autoclaved  separately

 and  added  to the basal medium  before inoculation. Thirty ml  of  the rnedium,  placed

 in 100 ml  Erlenmeyer fiasks, was  inoculated with  O.5 ml  of  spore  suspension  contain-

 ing 5 × 10S spores.  Samples were  taken  at  intervals for the  assay  of  enzymes  and

 determination of  cellular  growth. Oil-cake and  bran extracbs  were  prepared  by heating

 200 mg  of  the  material  in 2,OOO ml  of distilled water  at  1000C  for 1 hour and  then

 concentrating  the extracts.  The  nitrogen  content  of  the  concentrated  extracts  added

 was  determined by the  micro-Kjeldahl  method.

                           Results and  Discussion

 1. Selection of  the potent  organisrn  During an  initial survey  on  the production

 pf pectolytic enzymes  by fungi, as  many  as  60 isolates were  tested. It was  observed
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from the preliminary screening  that  two  strains  of  an  AspeiTgillus species  gave sub-

stantial  yields of  pectic enzymes.  One  of  the cultures  isolated from a  soil  sample  of

Jadavpur University campus  was  identified as  a  strain  of  A. niger  JU. These two

strains  were  therefore further investigated for selection.  For these studies, fermen-
tation experiments  were  conducted  in two  media:  Medium  (I) of  Tuttobello and
Mil12S' and  Medium  (II) of  Yamasaki  et al.30> The  resttlts  are  given  in Table 1.

              Table 1. Production of peetolytic enzymes  by the se1ected  isolates.

NameofthecultureEllzymeactivity(unitslml)
Mycelia1weight(gllooml)

MediumI MediumII MediumI MediumII
t- 7

1. A, niger  JU

2, Aspergillus sp.

2821 2210 O.812O.780 O.799O,

 771

    Of the  two  isolates tested for the  production  of  pectolytic enzymes,  A. niger  JU
was  found to  give higher yields of the enzymes  in Medium  (I) of  Tuttobello and

Mill.2S) The  culture  was,  therefore,  studied  to standardize  the  conditions  of  fermen-
tation for the production of  pectic enzymes  in Medium  (I) of Tuttobello and  Mi]1.28)

2. Effect of  the initial.pH of  the medium  on  the production of  pectolytic
enzymes  The  i,nitial pH  of  the medium  was  adjusted  to 3, 3.5, 4.0, 4.5, 5.0, and

5.5 with  O.1 N  hydrochloric acid  or  sqdium  hydroxide. Fermentation was  carried  out

in 100 ml  Erlenmeyer flasks, each  containing  30 ml  of  medium,  the  flasks being

placed on  a  rotary  shaker  (150 rpm)  at a  temperature  of  300C  for 7 days. The
resutls  are  shown  in Table 2. The  maximum  yield of pectolytic enzymes  was  obtained

when  the  initial pH  of  the medium  was  4.5.

         Table 2, Effect of the initia1 pH  of  the rnedium  on  the production  ef  pectinases
            by A, niger  and  cellular  grewth,

Initia1 pH3.03.54,

 O4.

 55.

 05.5

Enzyme activity  (unitslml)

162022302921

Mycelia1 weight  (kfloo ml)

O. 718O.
 762O.

 768O.

 819O.

 802O,

 759

3. Effect of  the incubation periQd  and  method  of  cultiyation  on  the production
of  pectolytie  enzymes  Fermentation was  carried  out  with  stationary  and  shake-

fiask methods  in 100ml  flasks, each  containlng  30ml  of  the  medium  (pH 4.5).
The  activity  of  the enzymes  in the broth was  determined after  different periods ef

fermentation. The  results  are  shown  in Table 3.

    It is evident  from Table 3 that the  shqke  culture  process is superior  to the
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Table 3.

   and

 Effectcellularof the period ef  incubatien on  the preduction of  pectinases

growth  in both shake-flask  and  stationary  cultures.

by A, niger

Shake-flaskcultures StationaryculturesPeriodofincubation
(days) Activity(unit!ml)Mycelialwt,'r

(g!1ooml)
Activity(unitlrnl)Mycelialwt,

(g!1ooml)-t nt '
356789 92227302826 O. 662O.

 766O.

 795O.

 816O.

 802O.

 790

41217202423 O. 510O.

 700O.

 781O.

 850O.
 860O.

 855

                                             '

stationary  process, as  the former gave a  higher yield ef  the enzymes  in a  shorter

period of time (7 days), although  the  stationary  process allows  maximum  develop-

ment  of  the  mycelium.

4. Effect of  the temperature  of  fermentation on  the ptoduction  of  pectolytic

enzymes  Fermentation was  carried  out  with  shake  cultures  at  temperatures  of

25aC, 300C, and  370C. The  results  are  shown  in Table 4.

        Table 4, Effect of  the temperature of  fermentatien on  the production  of  pectoLytic

           enzymes  by A. niger,  and  cellular  growth.

Ten)perature(eC) Periodofincu(days)bation Activity(unit!ml)Myce1ia1weight
(gflooml)

za

57895789 17232624.5 O.740O,

 774O.

 825e.
 815

30

22302826 O. 764O.

 816O.

 800O.

 789

                            5 24 O. 788

                            6 27 O, 805
           37
                            7 25 O.784

                            8 21 O. 760

    A  temperature  of  300C  favoured the  optimum  production  of  the enzymes,  although

alower  or  ahigher  temperature  had no  significant  effect  on  the growth of  the

orgamsm.

5. Effect of  aeration  on  the production of  pectolytic enzymes  The effect

of  aeration  was  studied  by placing different volumes  of  medium:  15ml,  20 ml,  25

ml,  30 ml,  35 ml,  40 ml,  and  45 ml,  in 100 ml  Erlenmeyer flasks which  were  incubated

fQr 7 days at  300C  on  a  rotary  shaker  <l50 rpm).  The  degree of aeration  of the
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fermentation broth in the shaker  flasks was  inversely proportional to the volume  of

liquid. The results  are  show.n  in Table 5.

    Table 5 shows  that a 100 ml  flask containing  30 ml  of  medium  gave  a  maximum

yleld of  the enzymes,  indicating that  adequate  aerat{on  is essential  for optimum

production.

  Table 5, Effect of  aeration  on  the  production of  pectolytic enzymes  by A. niger  and  cellular  growth.

Volumeofmedium
(ml)

Activity(unitlml)

Myce1ia1weight
(g/1ooml)

15

18

O.685

20

22

O.751

25

28

O.798

30

30,5

O.828

35

28

O.819

40

25

O.8Q2

45

21

O,791

6. Effect of  the ineculum  volume  on  the production of  pectolytic enzymes

In all the previous experiments  for the  determination of  optimum  conditions,  e.2 ml

of  spore  suspension,  containing  2 × 103 spores,  was  used  as  the inoculum. In the

present experiment,  different volumes  of  spore  suspension  were  used  to inoculate 30

ml  of  medium  in 100  ml  Erlenmeyer flasks placed on  a  rotary  shaker  (150 rpm).

After 7 days of  fermentation, the  enzyme  yield was  determined; the results  are

shown  in Table 6.

    The  optimal  volume  of  inoculum was  O.5 ml,  containing  5× 10a spores  for 30 rn1

medium.

         Table 6. Effect of  the inoculum volume  on  the production of  pectolytic enzymes

            by A. niger  and  cellular  groWth,

Inoctulum volume  (ml)

O.1O.51,OL52.U

Enzyme  activity(unitlml)

273232303U

Mycelia1 weight  (g!100 rn1)

7. Effect of  different carbon  sourees  on  the

The effect  of  different carbon  sources,  either  singly

tion  of  pectolytic enzymes  and  the growth  of  the

7, and  8 days of  fermentation and  the  results  are

    Tables 7 and  8 show  that, out  of the different

or in cembination,  pectin gave the maximum  yield

fermentation broth, while  maltose,  glucose, and

A  mixture of  pectin and  maltose  was  also  found

enzymes.  There was,  however, no  correlation

and  the production of  the enzymes,

               O. 799
               O. 829

               e. 834

               O. 845
               O. 849

 production  of  pectolytic  enzymes

   or  in combination,  on  the produc-

  organism  was  determined after  6,

  shown  in Tables 7 and  8.

   carbon  sources  tested  either  singly

   of  the  pectolytlc enzymes  in the

starch  were  suitable  carbon  sources.

 to give excellent  productlon  of  the

between the growtli of the organisrr}
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Table 7. Effect of  different carbon  sources  on

   by A. niger  and  cellular growth.

the  production  ofpectolytic  enzymes

Enzymeconcentration(unitslml) Myceliumweight(gllOOml)
Carbonseurces

(4%)
J6days

7days 8daysmum6days 7days 8days

G]ucoseFructoseMaltoseSucroseStarchDextrinSorbitolRafinose

RiboseXyloseLactic

 acid

Glycerel

Pectin j

3528371932.

 5321210IL5107IL549

42364525403918151716111860f393341213635l6131413.

 5

 9.115.

 556

L

1. 02O.

 871.03O.

 825O.

 907O.

 899O.

 790O.785O.

 794O.

 794O.7scO.

 801O.697

1.15O.

 8811.

 160O.

 835O.
 919O.

 912O.

 801O.

 795o.

 seso.

 se6O.
 791O.

 814O.
 707

1. 04O.

 8731.
 106O.
 829O.
 909O

 902O.

 793O.

 788O.

 799O.

 798O.

 786O.

 809O.

 700

Table 8. Effect

   enzymes  byof

 dfierent carbon  sources  in
A,niger and  cellular growth,combination

 on  theproductionof  pectolytic

Enzymeccmcentration(units/ml) Myoeliumweight(gfleOml)Carbonsources
(eachin2%

concentration) 6days 7days
tnt.

8days 6days 7days 8days

Glucose -Pectin

Fructose･l-Pectin

rmtose+Pectin
Sucrose+Pectin

Starch+Pectin
Dextrin F Pectin

Sorbitol--Pectin
RaMpose+Pectin

Ribose+Pectin

Xylose+Pectin
Lactic acid-l-Pectin

Glycero1--Pectin

4135442639.

 536.

 31820191516,

 818.

 6

5043543848452426252024.

 525.5

464050354340,

 52L

 222.

 42217.322.

 222L

 8

O. 985e.

 8tl4O.
 999O.
 808O.

 916O.
 912O.

 795O.785O.

 801O.

 802O.

 788O.

 810

O. 995O.
 8651.
 090O.

 820O.
 927O.
 924O.
 806O.
 798O.

 815O.

 814O.

 799O.

 821

O. 983O.
 852O.

 996O.
 808O.915O.913e.795O.

 788O.

 8onO.
 804O.

 788O.

 812

    The  results  of  the effect  of  a  mixture  of  pectin and  maltose  in different combi-

nations  on  the production of  pectinases are  shown  in Table 9. The  enzyme  activity

of  the broth was  determined on  the 7th day of  fermentation.

    It wiil  be evident  from Table 9 that  the concentration  of the  enzyme  in the

broth increased as  the  level of  pectin in the medium  increased.

    Studies were  next  made  to determine the optimal  level of  pectin for the produc-

tion  of  pectinases. Samples were  assayed  on  the  7th day of  fermentation. The  results

are  shown  in Table 10.

    Table 10 indlcates that the optimal  level of  pectln. in the mediurr"  for the
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Table 9. Effect of  different combinatiens  of  maltose  and  pec;tion on  the profluction

   of  pectolytic enzymes  by  A, niger  and  cchular  growth.

Carbon source

Maltose (%)

 432

 1nil

Pectin (%)nil

 1

 23

 4

Enzyme  activity  (unitslml)

4550545660

My ¢ elia1  weight  (glloo ml)

1. 051.

 091.08O.

 860O.
 705

Table 10. Effect of  pectin concentration  on  the production Df  pectolytic enzymes

   by A. niger  and  cellular  growth.

Pectin (%)3456 Enzyme activity  (unitslml)

54.560.555,

 O40.
 0

Mycelhl weight  (gflooml)

O. 836'

e. 7o7O.
 681O.
 601

production  of  pectolytic enzyrnes  by A. niger  was  4 percent. 
'

    The  pectin-degrading enzymes  of  A. niger  JU seem  to be adaptive,  because the

production of  the  enzyrnes  was  increaed remarkably  in the  presence  of  pectin. This

observation  confirms  the  results  concerning  endopolygalacturonase  production with

A. niger  as reported  by Tuttobello 
'et

 al.28> and  Saito et  al.3')  Increased actlvity  of

pectolytlc enzymes  may,  however, be partly dependent on  the induced synthesis  of

exopolygalacturonase  as  reported  by Saito et  al.37) The  culture,  A. niger  JU, shows

a  difference in its biochemical characteristics  from the culture  of  Tuttobello and

Mill,2S) as  the  former gave  a  niaximal yield of  the  enzyme  in the presence  of  pectin

as  the carbon  source,  while  the latter gave an  optimal  yield in'the presence of  a

mixture  of  sucrose  and  pectin. '

8. Effect of  different nitrogen  sources  on  the production of  pectolytic eRzyrnes

Dfferent nitrogen  sources,  including both inorganic and  organic  compounds,  were

examined  in tihese studies.  To  the basal medium  containing  4 percent pectin as  the

carbon  source  were  added  dlfferent nitrogen  sources  (nitrogen level at  102.8 mg  N2

per 100 ml  medium).  Fermentation conditions  and  the assay  methods  were  the same

as  described previously. The  activity  of  the pectolytic enzymes  produced  and  the

growth of the organism  were  recorded  on  the 5th, 6th, 7th, and  8th days of fermen-

tation. The  resuks  are  shown  in Table 11.

    Table 11 sliows that organic  nitrogen  sources  like peptone, casein  and  wheat

bran were  superior  to inorganic sources  in giving higher yields  of the enzymes  in a

shorter  period ef  time.  Of  the  organic  nitrogen  sources  tested, peptone gave  the

rnaximal  yield Qf the enzymes  on  tlie 6th day of  fermentatioq, Amoug inorgaqig

                                                           NII-Electronic  
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Table 11. Effect of  different nitrogen

   by A,  niger  and  ce11ular  growth.souroesen

 the  production Dfpectolytic  enzymes

  Nitrogen sourcms

Amrnonium  nitrate

Ammonium  sulfate

Diammoniurn hydregen
 phosphate

Ammonium  acetate

Amrnonium  chloride

Ammonium  tartrate

UreaSQdium

 nitrate

Sodium
 
nitrite.

GelatinCaseinIleptoneCasamino

 acid

Aspartic acid

Tryptene

Mustard seed
 
cak6

 
extract

Yeast  fiour

Soy bean fiour
Wheat  bran extract
Rice bran extract

Corn steep  liquor

Enzyme concentration(units!rnl)

'l:

L

l

Myce1ia1 weight(g/100  ml)

5 days50.

 0:･]2.
 038.

 512,

 O32,
 533,

 O32.

 537.010.

 080.083.585.

 080,550.056.0

 8.5

 32, O

 49. 0

 89. 0

 31. 0
 30. 0

6 days65,O44.053.0

 23.045.
 046.

 0

 44. 5
 40. 0

 15. 0100.
 0104.

 0109.0101.0

 67.0

 75. 0

 15. 0

 45.0

 64.0103.0

 42.0

 40.0

L

7 days75.053.062.030.

 053.
 055,

 O52.055.020.

 088.093.595,O90,582.064.012.

 037.

 055.
 091,O36,

 O35.

 0

I'

8 days70.

 0se.o58,

 e27.

 049.

 05i,O48.050,O

 18. 5

 92. 0
 85. 0

 89. 0
 83,O

 77.0

 54. 0

 10. 0

 30. 0
 46.0

 75. 0

 28.0

 27. 0E

5daysI6days  7days8  days

O.680o.767o.778O.766

O.671o.758o.770O.760

O.630o,719o.725O.716

O.617o.698o.707O.700

O.669o.758o,768O.759

e.684o.765o,779O.764
O.695o.758o,785O.760

O.674o.749o.765O.750

O.586o.662o.670o.66r
O.770o.837o.865O,839

O.843o.878o.866O.847

O.863o.889o.874O.845

O.847o.869o.858O.834

O.785o.793o,805O.784

O.782o.801o,791O.780

O.590o.602o.594O.5ea

O.713o.731o.722O,712
O.749o.768o.751O.739

O. 846O.

 710O.

 703

O. 871O,

 729O.721

O. 859O,

 720O,

 714

O. 844O.711O.708

nitrogen  sources,  ammonium  nitrate  was  superior  to the others  tested in giving

maximal  production on  the 7th day of fermentation. .

9. Effect of  the C/N  ratio  on  the production of  the pectolytic  enzymes

As  the  carbon  to nitrogen  (C/N) ratio  of  the medium  plays a  very  impertant role

in the  production  of  the enzymes  by rnicfoorganisms,  investigation was  next  made

to determine the optimum  C/N  ratio  of  the medlum  for enzyme  production using

pectin as  the carbon  source  and  peptone or ammonium  nitrate  as  the nitrogen  source.

In this study,  pectin was  u$ed  in a  4 percent concentration.  The  amount  of  the

nltrogen  source  was  varied  to attain  the  desired C/N  ratios.  The  enzyme  activity

of  the broth with  ammonium  nitrate  as  the nitrogen  source  was  determined on  the

7th day of  fermentation, while  that  ,with  peptone  was  measured  on  the  6th day.

The  results  are  indicated in Table 12.

    It is quite evident  from the  results  that  the  maximum  production  of  pectolytic

enzymes  was  obtained  in the medium  with  a  C/N  ratio  of 10 whether  peptone  or

ammonium  nitrate  was  used  as  the nitrogen  source.  The  maximum  yleld of the

pectin-degrading enzymes  was,  however, ebtained  in the  medlum  containing  peptone.

Tut.tobello aqd  Mill'S' qlso rep. orted  on  thq maximum  production of  endopelygalact
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Table 12. Effect of  the  CIN  ratio  on

   by A.  niger  and  cellular growth,the

 production of  pectolytic enzymes

NitrogensourceCIN'ratLo Enzymeactivity
(units/ml)

Mycelhlweightl
(gllooml) Firia1pH

Ammonium
 nltrate

27.0l3.510.07.04.03.62.72.2708o887550252020 O.785O.

 840O.

 865O.869O.

 870O.

 871O.869O.865

4.54.44,96,56.76,76,76,7

Peptone

27.0i3,

 510,O7.54,33.62.72.2

100106120110100979493O.793O.

 880O.

 900O,899O,910O.919O.

 908O.

 906

4,14.14.24.34.44.44,44.4

l

turonase  by  A. niger  in a mediurn  containing  organic  nitrogen  sources.  On  the

contrary,  organic  nitrogenous  sources  were  found to repress  the production  of  endo-

polygalacturonase  by Aspergillus saitoi  as  reported  by Yamasaki  et  al.30) and  by
Aspergillus aorrezcs  as  reported  by Sreekantiah'et al.29) The  present investigation

has shown  that  it is possible to  increase the  yield of  pectolytlc enzymes  appreciably

by maintaining  a  proper carbon-nitrogen  balance in the medium.
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