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ABSTRACT

llliith the increasing use of fructose aE a comrnercial

sweetener, i-nterest has been directed at the hydrolysis of the
highly polyneri-zed for¡r of fructose known as j.nuLin, Hoehn

et al" (1981) have devel-oped a processing technlque for the
production of high fructose syrups from root crops such as

Jerusale¡r artichoke, (He1ia¡rthus tuberosus)" A key step in this
procedure is the enzymatic hydrorysis of inul-in and related
fructosans" However, there were no cornrnercial- inul-ase prepara-

tions available, therefore the objective of this study was to
find such a preparation.

Several- commerciaffy avail-able clarification enzyme pre-
parations u¡ere screened for their ability to hydrolyse j-nulin"

The Irgazyme M-10 preparation fron Aspereil]us spo r as manu-

factured by Novo rndustries Ltd.. was found to possess both inu-
l-ase and Gucrase activity. The preparation showed. a temperature

optinum of ))oC and a pH optinum cl-oser to pH /¡"J then 6ø0@ The

nature of these results suggested the presence of rnore than one

inulase enzyme i-n the preparation with a molecular weight in the

range of 50-1001000. Concurrent to this investigation a commer-

cj-al- inul-ase preparation was developed by Novo Industries Ltd"

This preparation shows several sini-l-arities to the Trgazyne M-tO

preparation, being derived fro¡e Æ!ggg,[$, sp. and having tem-

perature and pH optina of 55oC and. pH 5.0"
The ability, of mixtures of thj.s inuLase preparation and

invertase to hydrolyse inulin was eval-uatedo It was found that

there was a specific ratio of enzymes which had a highest
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activity in conpari.son to either enzyme alonee and that the

formul-atj-on of this ratio was dependent on the averpge d.egree

of polymerization of the substrate" Analysis of the progression

of hydrolysis by gas liquid chromatography suggested this com-

prementary hydrolysis was due to hydrolysi-s of rrprefemed pofy-
ner lengthstr by respective enzymes, and that inulase may out-
compete'the lnvertase for sucrose as a substrate when other poly-
ner lengths are not availabl_e,

A connputer model- was desj-gned to eval-uate the potential
economic beneflts of this complementary hydrolysis. Depending

on the substrate average DP and the cost ratio between the

enzymes, there could be a significant econo¡nic benefit to opera-

ting with a nixture of inu]ase and invertase, in comparison to
either enzyme a_lone"
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INTRODUCTTOTT

Recent reports indicate that within the next three or

four years, the u6e of high fructose syrups, (HFS) will capture

approximately one third of the commercial sweetener market"

F?uctose has becone preferable to other sweeteners largely be-

cauEe of lts higher slveetness rating in comparison to sucrose,
(1"5 - Z"Ox). This fact a]-lows nanufacturers to use less

sweetener to achieve the sa¡ne degree of sweetness" This i-s of

considerabl-e attraction considering the popularity of cal_orie-
reduced foods" Other advantages include a reduced capacity to
support the growth of those oral bacterla which induce d.ental

caries, (Vannian and Doty, I9?3)" and functlonaL propertles

such as a higher solubility and Lower vj-scosity in comparison

to sucrose (Sharman, L976)"

rluctose is util-ized in two nai_n forms, the high fructose
corn Eyrup, and of secondary inportance, the crystalline
fructoseo The manufacture of tthigh fructose corn syruprt,

(HFcs) is a highly technical process invorving the enzynatic

hydrolysis of corn starch to glucose, foll-owed by its isomeri-
zation to fructose, The product of this process is a stream of

42?/o fructose and 58% gl.ucoseø Through fractionation, a 90%

fructose stream is derived and used to enrich the 42% fructose
stream to the commerciafly popular 55?6 fructose stream.

Another potenti-al source of high frucüose syrups is inulin
and its reLated fructosans, First i-dentified in the early lgth
century, inulin is found as a reserve carbohyd.rate particularly
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in the tuber and root portions of nembers of the conpositae

fanily, notably Jerusal-em artichoke, (He]ianthus tuberosus L, )"
ïnulin and related fructosans fron the tuber may be hydrolysed

in a singular step to high fructose syrupso

Hoehn et alu (1981) have deveJ-oped a processing technique

for the production of high fructose syrups from inul-in con-

taining tubers or roots, such a6 those of JerusaLem artichoke"
Inul-in is extracted from the tubers with water, This crude êx-
tract is partially purified through renovaL of Low mol_ecular

weight conta¡n-Lnants by ul-trafiLtration. The partially purified
inuLin and rerated fructosans are enzymatically hydrolysed to
fructose and glucoseo These are separated from high mol-ecul-ar

weight contaninants agaln by ultrafiltration" The resulting
fructose-glucose stream may then be concentrated if necessâr$,

The process rel-les on enzymatic hydrorysis rather than acid
hydrolysis' Enzyme hydrolysis.j-s essentiaL because the.enzyme

ca¡r be suèbessfully segregated.' from the- final_ prod.uct by ultra_
fil-tration membrane whereas the acj-d couLd. not.

At the time of development of this technique there was no

inulase preparation comnrercj-al-ly avail_abl_e. Therefore¡ âs part
I of this study, several presently avail-abl-e comnercial- c1ari-
fication enzyne nixtures v/ere eval-uated in regard to their
abilj-ty to hydrolyse inulin,

As part rr of this study, a recently developed, commer-

ci-alJ-y ava1]ab]e, inul-ase preparation, (Zittan, 19Bf ) was eva-

luated with respect to the economic benefit of using bl_ends
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of inulases and invertases to hydrolyse inulin in JerusaLem

artichoke extracts,
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REVIEW OF LTTERATURE

2,L

2, l-, l_ STRUCTgRE

rnulin is a high molecular weight polysaccharide consis-
ting of a chain of p-D-fructofuranose residues and a terminal

d.-O-gtucopyranose unit, The fructose units are linked with a

Þ(2-+1) bond whj-le the glucose molecul-e is attached. by apZ+Lt
bond (Figure L)" The term inulin typically appfies to chain

lengths (degree of polynerization or DP) of 3o or nore residues
(Edelman a¡rd Jefford, 1967). rn plants however.a homor-ogous

series of rel-ated fructosans wj-th vari-able DP" Fro¡r sucrose

(DP.2),and rnu]in (DP 55), Edelnan and Jefford. (lci6Ð charac-

terized the rel-ated fructosans of commerciaL j-nulin as being
greater or equal- to about DP l-5" The molecular weight of com-

nercial preparations of inul-in has been deternined by Guiraud

et al-, (r9go) at about 5eooo based on an average Dp of about Jo.
Higher values, such as ?25O (ehelps, 1965) have been reported,
Phelps (196r) investigated the nature of polyfructosan compo-

nents in inul-in sol-utions and. found then to be *ráry hetero-
geneous" Specifically he j.ndicates the presence of poly-

fructoside conpenents of variabl-e size, reducing oligosaccharid.es,

and free fructose which coul-d not be removed by recrystall-iza-
tion of the j.nulin from water, The highry polyneric nature of
fructose in inul-in suggests the useful-ness of inul-in as a
source of high fructose syrupso Conplete hydrolysis by acid or

enzyme of comrnercial- inul-in for example, with an average Dp of 30
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units, (f glucose and z) fructose) wourd resuLt in a syrup of
)loft fructose' This is in comparison to the 55% etree¡- of the
corn processu developed through hydrolysis plus isomerization,
and enrichment with the Jo% sf,ream, ( obtained by hyd.rolysis and

fractionation) 
"

2"I"2 CO$FORMATTON ANp_ PROPERTIES

rn studies on the gross shape of the solvated molecule,
ltiddleton (1977) describes the conformation of inulin as being
cyLindrical, specifi.cally a hel-ix with a rj-se af 5"! residues
per turn and. a sol-vated dimension of z5l semilength, rad.ius 101

o
and pitch 10Ae (Figure 2)" A unique feature of this mol_ecul_e is
that as the DP increases, radi-us of the mol-ecul-e remains constant,
This is of advantage in purification systems such as ul-trafiltra-
tion where rejection of inul-in by the membrane wil-l be essen-
tiaì-J-y constant, imespective of i_ts Dp"

Middleton (rgz7) notes that water associated. with the
inul-in hel-ix was not appreciabl-y modified from the free form"

rn other words, inulin possesses a row degree of hydration,
specifically a nonolayer of attracted water molecul-es, This
implies that water is not tightly bound, This is possibly re-
fl-ected in the soLubility of inu]in at various temperatures,
(Figure J). Phelps (r96j) observed that inulin supersaturated
at high temperatures, then cooled, will remain stabl_e for
several daysu In contrast, unsaturated. soLutions may throw
down a precipitate upon standing for several d.ays, phelps e96r)
suggests this behavior is due to polymerization into larger
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FïGIIRE 2 cONFoRl4ATrON 0F JNULTN - h"fi."l. corrfiert"tiot

(a)

(b)

(a) DorsaL view

(b) Lateral- viewo (after MarchessauLt et.al,
1980 )
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FÏGIIRE "
INULJNJ]OLUBILITY VS TEÌ{PERATURE "

(t¡"rgn PHELPS, 1965)
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un1t6. Phelps (1965) atso investigated the solubility of inulin
as a function of temperature. At tenperatures below 5ooc - 6ooc

inulin solubil-ity is poor, (about o,je/Loog.Ha0 at 45oc) , while
at hi-gher tenperatures, solubility is greatly increased

G6"5e/lOOg"HrO at IOOoC)" Phelps (1965) suggests that a najor
change in structure nust occur to account for the J-arge increase
in solubility of inulin above 6OoC, The same structural change

is observed by Guiraud et al-, (1980) who investigated the effect
of various sugars a6 substrates, on the thernaL stability of an

inulase enzyme, (from candida salneaticensis), specificalfy,
the enzyme vras stable in saccharose, raffinose, and inulin at

5ooc. But a rise in tenperature lo 55oc resulted in a l-oss of
activity, (thernal denaturation) of about 33%, after 25 ninutes
when in the presence of raffinose or saccharose. And a conplete

loss of activityr before 2l ninutee, srhen i-n the presence of
inuLin. rn studies on the change in structure of inuLin over

temperaturee by differential scanning cal-orinetry, M"K"y (l98o)

observed ninor changes at t¡loC, ]26oC and 65oC, (Figure 4)"
solubility is best explained on the basis of avaj-l-able

polar groups, i-n this case, the hydroxyl groups of the

fructosyl ringe" On the basis of so many hydroxyt groups a
high affini-ty for water woul-d be expected" This effect seens

to be rr¡1¿s]çsdn beLow 6Ooc, Such a masking effect coul_d. be

accounted for by for¡natj-on of nulti-heLical aggregatesu The

ninor changes observed by McKay (19SO) are possible ind.icators
of the disassociation of these aggregates-at 56oc and. 6ooc"

One inplication of the increased solubili-ty of inuLin wouLd be
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.FÏGURE 4

DIFFERENTTIAL SCANNTNG CALORTMETRY CHROI'IATOGRAM OF

INULÏN. (MCKAY. IOB-O\

EXOTI{ERMIC

HEAT TLO!i

TEMPBRATIIRE
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the facil-itated extraction from tubers or root6 at these higher

tenperatureË"

2,2 POTE}i'IIAL SOURCES OF TNULIN

fnuli-n in the tubers and roots of plants, (Jerusalen

artichoke, Dahh-a, Chicory) exists aa a homol-ogous series of

related fructosans. Although inulin content varies with matu-

rity and source, inulin content of Jerusalem artichoke ranges

from lO% - 20% on a fresh weight basis¡ and fructose content

ranges frorn 7r% - BO%, (Kim et al-u r 1979)" fn Canada, carbo-

hydrate yields from Jerusalen artichoke can be as high as

741100 Kg/ha" conpared with ?O'2OO Kg/ha" for cornr or

32.IOO Kg/ha, for sugar beets (Flemi-ng and GrootWassink, 1979)"

The average DP i.s dependent on the aource and maturity of the

tubero Ota and Mino (1980) have reviewed the seasonaL changes

in inulin content that occur in the underground portions of the

ca-rpacculaceae and composidae families due to tuberal enzyme

action¿

TuberaL enzymes hydrolyse the higher polymers of inulin
during storage of the tubers, thus increasing t,he concentration

of lower rel-ated fructosans" Fructosee rel-eased sequentially

from the fructoside e¡d of the nolecule, is converted to

sucrose by the uridine diphosgluceri-c aci-d cycle, (Edelnan

and Jefford, 1964,1967)" Such changes reduce the average DP

which furthermor.ee results Í'n -a decreased fructosp/glucose -rat1o,
(F/G) " Both changes are significant in view of hÍgh fructose

Eyrup production. .Lltering the F/G ratio from ZJzL to 2O;'10

for exampler would lower the finaL fructose concentration in a
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Eyrup from 97% to 67%. In addit,ion, euch changes in the sub-

strate affect the ability of the enzynes to hydrolyse the

substrate"

2"5 PoTENTIAL SOURCES 0F INIILASE

2.3"1 INIITASES AND HTGH I.RUCTOSE SYRUP PRODUCTTON

The use of inulin degrading enzy¡ues in high fructose
6yrup production has been considered superior to acidr. avoiding
the off-color and off-flavor problems typical of acid hydrolysis
(Ðerring and GrootWassink, l9?9). ZítLan (1981), reporting on

by-product fornation notes a 5% degradation of fructose to
difructosedianhydride, thereby reducing fructose yieLd, fn
consideration of the ultrafiltration processe once added to the
substrate to hydrolyse the inul-in polymers, the acid cannot be

easily renoved fron syrupo

Enzynes that hydrolyse inul-in are a diverse group known

as inuLases, (E c 3u2"1.7). These are sinilar to the inver-
tases, (U C 3,2.1"26)s hydrolysing the same bonds" True

inulases show a marked preference for ttre p(z+L) bond, (be-

tween fructosyl residues) in comparison with the pz +J-t bond,

@etween the terminal glucosyl and. adjacent fructosyl residue),

2.3.2 INUIASES I'ROM PLAMS

The enzyme systems used by plant,s t,hat store carbohy-

drates as inulin have been investigated by several authors,
Their intent was to find an expranation for the changes ob-

served in the nature of inulin stored in the plant, Êde¡itan

and Jefford (1964'- L967) isolated three p- fructofuranosidases
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fron the tubers of Jerusalem artichoke, One was ter¡ned an

j-nvertase because it hydrolysed sucrose, and two hydrolases,

designated A and Bu which were considered inul-ases, These two

inulases showed slight difference in phyËical properties, both

being inhibited by sucrose, (non-competitive) ¡ hydrolase B being

the more susceptibl-e" The apparent Km val-ues for the inulases

are given al 33 nM inul-i-n. In comparison, j-s an ì-nulase from

gernlnating garlic bulbs (A]lium sativum L. ) which has an appa-

rent Ifu of ]-0 nM inul-in (Bhat and Pahabiranan, 1980)" These

high apparent K¡n val-ues suggest a weak affinity of enzyme for
substrater requirj.ng a,large concentration of substrate active
sites on the enzyme" Normally a concentration of about lox K¡o

is necessary for an enzyme to achieve maxinum velocity, (vnax) 
"

Based on a mol-ecul-ar weight of 5000, 1ox the Kn of the artichoke
inulases would correspond to a concentration of about 165%

inulin" Fron the sol-ubi-l-ity curve discussed earliere even hal-f

this concentration would be practical-ly inpossible to obtain"

The rate of reaction is therefore substrate dependent,

Reference i-s made to apparent Km rather than Ifu, prima-

rì-Iy due to the effect of polyner size on the Km val-ue" The

apparent Km of Jerusalem artichoke inulases A and B is reported

by Edelman and Jefford, (1964) as 33 mM commercial inulj-n,
average DP 30-35" Bacchus, (198I) however, working with a sub-

strate with a standized DP of L7, reports an apparent Inn of

7"65 nM for the Eane enzyneso As hydrolysis of a substrate

proceeds the average DP of the substrate i-s reduced thus lowering

the average nolecuLar weight of a polymer. As a result, the con-

centration required to satisfy the Km value is a-1so decreased.
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Bacchus (1981) fras aLso investigated the properties of the
lnuLases from Jerusalen artichoke with regard to their activity
during storage and processing of the tubers, The energy of in_
activation of inuLases A and B has been deternlned to be

I58 KJ/nole and 148 KJ/nole respectively. These are conslder-
abJ-y l-ower than the normal- range of 21o KJ/nole to 630 KJ/nore
typlcal of ¡aost enzymes (Athanosupoulos and HeLdnan, fg8o)"
sinilar to the inulases from Jerusalen artichoke, the garlic
inul-ase is very heat Labile, being completely inactivatêd within
five ninutes at 55oc and. pH z.o (nnat and pahabiranan¡ 19go),
An inulase from chlcory (Çhickoriun intvb.üs) with si-eilar pro-

perties has been i_dentified.(Fl_ood et aI" , t96?)" The heat
sensitivity of these enzynes is refl-ected in their tenperature
opti-ma" rnul-ases A and B fron Jerusalen artichoke have an

optimi.um of JOoC and. JJoC respectiveJ-y, (Bacchus, IgBf ).
ïnulases A and B fron the root of the conmon dandelion,
(Taraxacun officinale Weber) have an optiraun of Z5oc, (Rutherford

and Deacon, l-972)" These enzynes would be inadequate in a

process using higher tenperatures t,o Linit nicrobial growth,
if indeed they were abLe to survive the high temperatures used

to extract the inulin from the tubere,
Rutherford and Deacon (Lg6?) investigated inhibition of

Jerusalem artichoke inulases by eucrose and deternined the Ki
to be 2 nM gucroÊeo This correspond.s to a concentration of
about o"?% sucrose, such l-evel-s are frequently encountered in
extracts, either due to sucrose initlalry present or d.ue to the
developnent of sucrose as hydrolysis of higher polyners proceeds"

Ïn either evenÇ. -sucrose is present in euffici-ent concentrations



*l-r_

to inactivate the inulases fron the Jerusal-en artichoke tubers"

2,3,3 MICROBIAL INULASES

It has been known, since about the year 190O, that a

variety of yeast organisns wil-l_ fernent inul-in, (Lindner,

1900), However, the presence of a distinct microbial- lnulase
was not confirned until 1941 (VJeidenHagene l_941 )" Since that
time there has been much 1nvestigation into the characterization
of the nlcrobial inurases, especially those from yeast and

fungaì- sourceso since investigators were interest,ed in these

enzymes from a biochenical- point of view, their work has

focused on defining the general properties of the individual
inulases, (pH, temperature optimum, Km etc, ) r and thei-r pattern
of action,

Generally, microbial inulases may exist in an external- a¡d

an internal form. The enzyme nay be rrs¿flort g¡ rrssgrr acting.
Itf,¡dstt type hydrolysis results in essential-ly randon hydrolysis
of the inulin nol-ecule, whereas ns¡¡eil type hydrolysis resul_ts

in a stepwise degradation from the furanose end of the chain,
when both enzynes are native to a particular organi-sm, their
physical properties vary only slightly" Properties of these

enzymes vary with source. The range in pH optina is from about

3'o to 6"5¡ comrnsnly being 4"0 - 5"o, (tabLe t ¡" This range is
conpatible with the range in pH encountered in typical
Jerusalem artichoke extracts, which mal va-ry between pH 4,5
and 6,0"

The range i-n temperature optina for ¡rlcrobial inulases is
conmonly between 45oC and, 55oC, (tabl-e I ) but i-nul-ases are
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found with optima as low aE 1ooc, and. aa high as 6ooc" These

higher temperature optima, relative to plant inurases, are im-
portant, The higher temperatures 4re necessary to disslolve
the inul-in and maj-ntain commercialì-y steril-e processing

c onditionso

AND Ttr}4PERATURE OTABLB I

ORGANTSM

A VARIETY OF SOURCBS (SUBSTRATE INUL]N)

TEÌIPERATURE OPT II\ruI'f
pH OPTIMUI'{ ( extracellul-ar/

intraceLlul-ar)
REFERENçE

Kluyveromyc es

fraeil-is

Saccþaromv_ces

Lactis

Candida kefvr

5"r

5"o

4,5
Candida

sal-menticensis 3"5-4"O

Aspereil-l-us
nieer 5"0-5'3

Debaromyces

cantarel-li 4,0
Dabaromvces

-

phaffi 4"0
capri otti

Streptomvces
chi-baensis 6 "5

55/6o

37

50/27-30

46

55/4'

3o

50/50

Fleming and
GrootV/assink
(1980)

Yurkevich et
âfo (L972-23)

Ilegoro and Kito
Qe73)

Guiraud et al"
( 1980)

Nakamura et. al.
(r97 B)

Bel-uche et al"
( 19Bo )

Guiraud et.al-"
( 1981 )

Kim (I97r)
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An inportant advantage of the microbi.al. inulasese over

plaat i-nulases j.s their ability to hydrolyse aucrose, Both

inulase a¡rd sucrase functions have been denonstrated from the

aane active site, (Yurkevich and Kovaleva, 1972)" In conparison

to the invertases, the inul-ases are more active on the higher
polyners of inulin, but show a preference for tbe Lower rallge

of polyners, about DPz.- DPI-8, (Byun and Nahm, rgZB). The s/r
ratio is a ratio of activity on sucrose in comparison to inulin,
An invertase from Bakerrs yeast for example, will hydrolyse

sucrose 14000 times faster than inulin, (Snyder a¡rd Phaff, 1960).

A typical S/f ratio for an inul-ase, for example that from

saccharo.mvces laptis, is reported to be j.j, (yurkevj-ch et al.,
rg72-73),

The apparent K¡r of inul_ases from severa1 organisms is
given in table rf" Although there is a large range in val-ues

the Kn values for nicrobiaL inulases a.re generally 10-1OO tines
small-er than the ones found for plalt inulaseso Lower Kn va.l-ues

mean a lower substrate concentration for hal-f maxj-mal activity,
thus reducing the dependence of reaction rate on the substrate

concentration. Fron the s>(ample of the Km for lC-uvveromyces

fraeilis inul-ase on sucrose, i-t appears the invertase lúnrs are

about lx higher" This inplies that inulase nay have a greater

affinity for sucrose than the i-nvertase.
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TABLE II RANGE I.N Km. 41VD. S/T VA],UES FOR TNULASES FROM A VABIETY

oF- sOIiRcES TN COMPARIISON T0 SOl,tE IITVERTASES

ORGANTSM Ifu( SIIBSTRATE ) S/ f REFERENCE

fnulases:
Klgyver omyges¡ fraEilis

Saccharomyces Lactis

ffi
Candida

Debaromyces phaf.:[i
capriotti

Stle.potnyces cþibensis

Invertases:
Saccharonyces

cerevisiae

Neurospora crassa

iüuyveromyces fragilis

Aspergillus awamori

flLeming gmd
GrootWassink(lt980 )

Nahm and Byun
(1977)

Yu¡kevieh et al-.
(L9?2-?3) 

-
Negoro and Kito
(r971)

Guiraud et al.(t9go) 

-Nakamura et aln(r9?B) 
-Guiraud et al-.

(1981) 

-Kim (t975)

*Snyder éu:d Phaff
( 1960 )

Nahm and Byun
Q977)

sal-rnentic ensis

AsperEillus niEer

8,0 ¡tM
( Inulin)
6.7 nlvl

( Sucrose )

0" 85 rnM
( Inulin)

O "I7 nM
( tnutl_n)

I"25 nM
(Inulin)

l-2"O nl"I
( Inulin)
0"45 nM
( lnull-n)

26 mM
( Sucrose )

6"1 nM
(Sucrose )

1l- mM
(Sucrose )

48 mM
(Sucrose)

32O nI"I
(Sucrose )

25

3"5

50-43

1B

r,26

l40oo*

lt

Lactobacil-l-us
plantaJ:un
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2"4 APPLICATTON OF ENZY}MS TO HIGH FRUCTOSE SYRUP PRODUCTTON

A few investigations have been conducted concernlng the
enzymic hydrolysis of inulin from Jerusal-em artichoke for the
production of high fructose syrups, Afl procedures have êü_

pi-oyed the use of nicrobial inulases.
Recogni-zing the need to deverop a temperature stable

inulase for HFS production, Zittan (l9BI) has conducted a
screening progra& of nicrobial_ inul-ases. A commercial inul-ase
preparation has been developed for use, with a tenperature
optimum of 6OoC, Ztttan (l9BI) a:-so investigated the effect of
blending two inul_ases" Both derived fron a strain of
i,sperEillus sp, the optinun ratio of an rsssrr and an nendon

acting inul-ase was found to be about 1:1. This is very cLose to
the ratio nornally produced by the organism,

Ilsing an extraceLlular inul_aee from

Byun and Nahn, (ryza) have investigated the hydrorysis of inulin
from Jerusalen artichoke, A batch hydrolysis procedure was

used, where the fructose was separated fron thê reaction mixture
by Dowex I-xB ion exchange chronatography" Hydrolysis was re-
ported to be about 90% effícient" This illustrates a short_
coning in the use of nicrobial_ inuLases. Specifically, these
inulases exhibit difficulty: in- coppletely hydrolysing .the tuberal
inulin in a reasonable anount of tineu Commenting on the use of
invertases to hydrolyse inulin, flLening and Grootwassink (Lg?g)

conclude the rate of hyd.roiysis with an invertase sinply would.

not be fast enough for a comrns¡sial process"

Kin et aI. (l9zg) recognized the necessity of renoval- of
the enzyme used in hydro]-yeis fron the final- product" Tt was
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pointed out that since few sol-uble enzymeÊ are on the G"R"A"S,

listo their use j-n food processing has been hampered, Irnmobi-

lization was suggested as a solution. A partially purJ-fied

inulase from was immobilized on Tygon

tube and on anino ethyl-celLulose s'ith a retention of 22u5% ana

,3,4% original activi-ty on inulin extracts from Jerusal-em

artichoke" In the process descrj-bed by Hoehn et aln (1981),

the ultrafiltration membrane acts as a physical barrier to se-

parate the enzyme from the finaL product, Obviously tben, the

enzyme nust be J-arge enough to be rejected by the membrane

uÊed. Fortunatelyr the nolecul-ar weight of inulases, (76rOOO,

Bhat -e.!3!,, , 19BO ) , ( 6o,000, Nakannura et aI" , l-97 8) are far in
excess of the nolecul-ar weight cut-off, (1000) of the nembrane

enployed" Tbis feature coul-d possi.bly"be developed .to.a.-.form

of innobil-ization through entrapment"
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MATERTAIS AND METHODS

3,I MATER],ATE

3.f .1 JERUSALEM p,RTICE9KE TUBERS

Jerusalem artichoke tubers, (Helianthus turberosus L,)¡
( fal-I harvest , 1979) were obtained from the canada Department

of Agriculture Research station, (Morden, Manitoba) courtesy

Dr, BnB" Chubey"

3"I"2 ENZY¡@ PREPARATTONS AND CHEMJC_ALS

commercial cl-arj-fication enzymeg and the comroercial-

inuLase preparations were obtained from Novo Ind.ustries, Enzyme

Division, (Bagsvaerd, Denmark), courtesy J.L, Bayard, An

inul-ase preparation, (derived fron IC-I¡¡veromyces fraEil-is) was

supplj-ed by Dr. J. GrootVriassink, National Research Council,
Pralrie Regional Laboratory, (Saskatchewan)" The two inver-
tases used were purchased fron the sigma chenical_ Çoo r (st,
Louis, lulissouri)n Gas chromatographic reagents used r¡rere:

tt$fs¡tr oxime internal- standard reagent - a pyridine solution
containing 25 ng/nL hydroxylamine hydrochlorid.e and 6 ns/rù
phenyl-p-D-glucopyranoside as an internal standard and nHI{DSil

hexamethyl-disilazarle," These were obtained from the pÍerce

Chernical- Coo e (Rockf ord, T]linois), The coLumn packing and

support phasee 80,/100 nesh chromosorb Wc and Sp 21OO were ob-

tained from Supelco fnc. (ge[efonte, pennsylvania)" Àll_ other
chemicals trere of reagent grade or better"
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3.2 METHODS

3"2" 1 PREPARATION OF JERUSAIEM ARTICHOKF EXTR.ACTS

Jerusalen artichoke tubers were washed and sLiced, (3mm

thicl¡ress), The sl-ices v/ere extracted wj_th water at gOoC in a

ratio of 1'.2o, (w/v), Batches of 4 r of c,rude,extract were

fi]tered through Bog cel-ite on a glass fiber filter, (whatnan

grade #934 Ær) over a Buchner funneL, and then freeze-dried.,
i

3,2"2 DETERMINATTON 0F REDUCING SUGARS

3"2"2.1 I-REE REDUCING SUGARS

The free reducing sugar content of a sanple was deter-
mined by the Folin-Wu nethod, (A,O,AnCn, lg?5)" Fructose was

used aa the stand.ard sugaro A standard caLibration curve was

prepared over the range in concentration o ns/nL to 2oo ng/nr,
u¡ith a sensitivity of 2 ns/n:. For prelininary screening stu-
d.ies the method d.escribed by Ashwel-l (l'gr?) was used. The stan-
dard curve was prepared with fructose in concentrations O ng/nl,
to l-10 ßg/nJ-, with a sensitivity of t- ng/nJ 

"

3"2"2"2 TOTAL HYDROLYSED REDUCING SUGARS

The total content of reducing sugars after hydro]ysis,
was defined as the totaL hydroJ-ysed reducing sugars" The pH

of a sample was l-owered to l-.5 by adding 4N.HCl_" The sampre

was then praced in a water bath at Booc for one hour" After
cooling, the pH of the sol-ution was adjusted to 5"5 and the
reducing sugar content was deternined as outl-ined in section
3"2u2" 1 "
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3"2"3

3"2'3"1

Gas chronatography was employed to deternine the
glucose ratio in hyd.rolysed saaples , (3"2,j,2) and for
tative analysis of unhydrolysed samples, to deternine

fructose,/

qual-i-

oligoners, The nethod enployed is a modifi_cation of that
described by Brobst and Lott (1966), rn principle, the oxine
derivatives of the sugars were prepared. to prevent anoner peak

formation during subsequent silylatj.on" These derivative6 v/ere

silylated to the respective trinethylsilyl ethers by catalysis
with trifluoroacetlc acld.u The method is outl_ined below,
(Anonynous, lgBI/BZ). Ten to twenty ng of freezed.ried sample

was weighed into a 3'5-nt scrêrv-cap--septun viar, .,To. this,
was added l.O nl_ of ilstoxrr oxine intern¡l standard reagent"
This nlxture was heated for JO ninutes at ZO - ?FoC" After
cooling to room temperaturee l.orl of rrHl\Dsrr, (hexanethyldi-
si-l-azane) was added and rnixed., To this O"f n_l of trÌfluoro_
acetic acid was added" The mixture was capped and shaken on

a vortex for j0 secondso The nixture was then allowed to
stand at room temperature for .5o minutes to allow compì-etion
of the reaction and conprete settring of the white precipi-
tate, formed in the previous step, The cl-ear soJution was

injected directly into gas chronatograph,
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3"2.3"2 GAS. CHROMATOGRAPHY OF SUGAR STLYL DERTVATIVES

Separation of variouÊ sugar deiivatives was camied out

on a Varian, (mode] #jlOO) g^, chromatograph, equipped with a

flarne 'ionization dètector, A HewLett packard Reperting

rntegrator, (nodel #339oA) was used to quantify peak a.reasø

Co1unn parameters are outlined in tabl-e III, . The _operational
progran is outlined j.n table IV,

TABLE--TII GAS CHROMATOGRAPH COLUMN PARAMETERS

-
LENGTH 46 cm

fNTERNAL DIAMETER 2 mm

COMPOSITION glass

PACKfNG BO/1O0 nesh Chronosorb tfl

SUPPORT PHASE 3% Sp 2]-00

TABLE TV GAS CHROMATOGRAPHY OPERATIONAI PROGRAM

TNJECTOR TEMPERÂTURE zOOOC

DETECTOR TEMPERATIiRE 3OOoC

INITIAL TEMPERATURE l-20oC for 2 mi no

OVEN TEI\PERATURE PROGRAM IOoC/nin.

FINAL TEMPERATURE eBOoC for 2 min"

CARRTER GAS/FLOW RATE N"/4O ml/nj-'n"
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3"2"3,3 EVAIUATION 0F cAS CHROMATOGRAT4S

Quantitative eval-uation of the chromatograms ç'as based on

the peak area response of each Ëugar, (fructose, gtucosee

Êucrose) and phenyl-B-D-glucopyranoside, (interna1 standard.) 
"

Cal-culation of the anount of each Eugar in any given sanple was

deternined by the fornula:

Ws - (Aslnfs) (Wfsrz¿,fs)

where: Ws-weJ-ght of sugar (mg, anhydrous ba6is), As=peak area of

6ugar unknown, RFs-reÊponse factor of sugar, WIs-weight of in-
ternal- standard (ns) in unknown, Ars=peak area response of in-
ternal- standard in unknown" Response factors.ï¡ere deter¡ained

using the following formula; and J mg of each sugar:

RFs = (as,/Ws) (WIs/AIs)

where: RFs=response factor of sugare As=peak area response of
sugarr Ws-wej-ght of sugar (ng), WÏs=weight of internal- standard.

(ng)r AIs-a-rea response of internal standard, Samp1e calcul-a-

tions a-re provided i-n appendix 1(a) and (b),

A semi-quantitative analysis of higher polymerÊ was ob-

tained by the 6arre nethod, using the sucrose response factor,
This wiu- l-ead to an underestimation of the amount of higher
poÌymer presento

Fructose/g}ucose ratios j-n hydrolysed samples was based on

conparÍson of the peak area responsersince the response factors
for each was the 6ame, (appendix 5)" A standard curve of peak

a.rea response over a range of O -I5"0 mg was also prepared for
fructose, glucose and sucrose (appendix 4), The peak area pês-

ponse was found to be lj-near and equal i.n nagnitude,
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rnverson and Bueno (1981) have evaluated the oxi¡re-TMS

procedure ánd report the accuracy to be about 8r-rl.6% recovery@

3"2"4 PROTEIN DtrTERMINATTON

An estinate of protein content was obtained by the method

described by Lowry et al_" (f951). Crystalline bovine serum al-_

bumen was the standard protein used for establ-ishing a cal-ibra-
tion curve' Absorbance was measured. aL 650 nn with a Bausch and

Lo¡eb 710 spectrophotoneter,

3"2"5 ASSAY PROCEDURE

Substrates were prepared by dissolving crystalline sucrose
or inulin or freezedried JerusaLem artichoke extract in buffer,
The standa¡d buffer used. was a oolM citrate - o.zM phosphate

buffer at pH 4,5u The use of a sj.mil-ar buffer for use with
plant inul-ases is described by Rutherford and Deacon (rg?z), Ðd
for use with nicrobial_ inulases by Negoro (IgZ3).

Enzyne activity was determined in a sol-ution containing
5.O mf enzyme solution in buffer and 5"O n_l substrate. This
mixture was incubated in a water bath for 60 ninutes at tempera-
tures, which incLuded z5oc, 35oc, 5ooc, 55oc, 6ooc and Zooc. A

substrate bl_ank was prepared using 5"0 nl substrate and 5.O aL

of bufferu An eazyne blank.was prepared usj-ng 5.O nf of enzyne

and 5"0 ml- buffer. Release of reducing sugars was used as an

index of enzyne activity, Enzyme activity was calculated as

given i-n the fol_lowing equation:

/ , _ , fue/tt reducin$
lng/nt comectedl =lsuEa¡ in test 1 _
\Reducins sagar / þaãpre /

f l^strr

tFiåñ"

ruoucin$i
l-n Sub- ll
brank /)

reducinþ {^s/^fj-n þlsugar
bLank / þtrate
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A sample caLcul-ation is provided in Appendix l_(c), The unit of
activity adopted is the Katal¡ (kat) (Itoss g rgZB) and is defined
as that catalytic activj.ty whi-ch produces a catalyzed. reaction
rate of l- noLe reducing Eugar per second"

3;2"6 EVALUATTON qF ENZYI$ PREPARATTONS

3"2"6.I PUerFrçATroN T,ECHNTOUES

ïnvestigations were conducted into purification of the
c]arification enzyne preparation, and the invertase through

sone sinple one step procedure, The fol-l-owing nethods were

employed"

3u2.6o1.1 ULTRAFILTRATTON

Purification of the i-nulase from other components of the

clarification enzyme preparation was examined. by ultrafil-tration
using a sta¡dard stimed cel_I, (Amicon nodel #ZOZ) under a pres-

sure of 53 psi. A variety of nembranes, (supplied by Anicon

corp, Lexington, Massachusetts) were empl'oyed with varying no-

ninal- nol-ecular weight cut-offo Membranes used¡ (and their
mol-ecul-ar weight cut-offs) were: PIl l-o (loeo0o), xM 50 (5orooo),

and XM ]OOA (1OOr00O)"

3"2"6.I"2 A}ß,ÍONTUM Sg,PHATE PRECTPTTATION

The method described by Takewaki et g!, (1980) was em-

ployed to isorate the inulase fron the cra¡ification enzyme

mixtureu A solution of the enzyne nixture was saturated with
annmonium sulphate then centrifuged" The resul_tant pel]et was

redisso]ved in buffer and saturated to 95% with Ammonium
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sulphate, The solution was then mixed with cellte and packed.

into a col-unn, The precipitated protein was eluted with a

gradient of ern¡snium sulphate in buffer fron 1oo% - o%

saturation, Absorbance of the effl-uent was monitored at
280 nn with a Bausch. and Lomb /10 spectrophotometer" subse-

quent peaks were exemined for enzyme activi-ty,

3"2.6"2 P-TTRIFICATTON OF I}WERTASE

Partial purification of the invertase activity was

accomplished by suspendi-ng 20 gn of the enzyme pellets in
buffer and diluting t,o a totar- volune of roo nl-" This nlx-
ture was stimed overnight at 5oc. The resul-tant slurry was

then centrifuged at loroooxg for 10 nlnutes at 5oc" Analy-
sis reveal-ed essentia]Iy aLl the activity was in the auper&

natant,, thus the pellet fraction was discarded"

3"2.7 EVALUATTON OF ENZTME BLENDS

The effect of using blends of inulase and. invertase to
hydrolyse inul-in and the related. fructosans was exanni ned, An

inul-ase, (fron a cLarification enzyme mixture) was nixed. wit,h
an invertase, (fron Saccharo¡nvces _cerevisiae) -to deternine- the
effects of blends j_n differing proporti-onso The two enzymes

were nlxed in varying proportions fron o%x/looøy to 1oo%x/o%y o

and examined on a variety of related substrates reflecting a

variety of degrees of polymerizations
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RESIJLTS AND DICUSSTON

4,1 SELECTTON 0F ENZY¡4ES FOR EVALgATION

At the onset of this study there were no commerciafly

available inulase enzymeso However it was considered that
there could be so¡ae preparations of industrial- enzymes where

inulase activity would be present as contaminating or si.de acti-
vity, Such preparations would nece66arily be derived from .

micro-organisms known to possess inulase activity" Inulase

actj.vity is conmonfy found J-n members of the Kl-uyveromyces,

Gandida and AsperEillus generao Two examples of the industrial
use of enzymes fron one of these sourceÊ are the pectolytic

enzymes used i.n the cl-arification of wines and fruit juices,

and the hemicellul-ases used in the starch industry and. biscui-t

manufacture" Prepared fron the seLected species of the

Aspereil-l-us genera, these are often crude preparations containing

a nixture of enzymes. 0n this basis, three preparations were

selected and screened for inul-ase acti-vity, They are known

commerclal-1y as Irgazyme M-10, (a cl-arifj.cation enzyme nixture),
Ultrazym l-0O, (a more highly purified preparation of frgazyme

M-l-O) end pentosanase (a henicel-Julase preparation)" These

enzyne preparations $¡ere evaluated j.n comparison to a crude

inulase from l(luweromyces fragilis, and an invertase from

Saccharomvces cerevisiae^
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4"2 SCREENING FOR TNULASE ACTTVTTY

On Jerusalem artichoke extract and on a 1% sucrose solu-
tion, only the rrgazyme M-10 and ultrazyn 1oo preparations de-

monstrated activityn Since the Pentosanase preparation showed

no activity it was deleted fron further screenlng procedures,

The two cLarification enzyme preparations were eval_uated on 2%

sucrose and 2.O% commercial inul_in, These two substrates re-
present the extremes of the range in degree of polynerization,
(DP) of inulin and reLated fructosans found. in JerusaLen arti-
choke extracts. specific activities of these preparations on

Eucrose (2%) at different temperatures are conpiled in tabl-e V.

Assays were perforned at pH i¡"1 which represents the lower

l-init of pH found in artichoke extracts, For the rrgazyme M-l_o

preparation the highest activity was observed at looc, whereas

for the ultrazyn 1oo preparation it was highest at 6ooc"

specific activity was higher in the ultrazym 1oo preparation at
all tenperatures, than in the rrgazyme M-l-o preparation. since

the urtrazyn J-00 is a more purified for¡n of the rrgazyme M-l_o

it appears that the invertase activity was purified along with
the pectolytic actì-vityo The rrgazyne M-l-O demonstrated a

broader optimum than the ultrazyn lo0, At, j|oÇ the rrgazyme

M-10 has J\ort of the maximum activity compared wit:n rz?/o of the
naximu¡n for the Ultrazym l-OO. At ?OoC the comparison was 5?%

of maximum to 30% of maximum, respectively. This broader tem-
perature optimum likel-y reflects the presence of more than one

enzyne, probably two invertases. It app.eared that one of these

has been removed in the purification to form the ultrazym loo
preparation"
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ACTTVTABLE V

ENZY}M

(o"6% w/v)
ACTIVTTY

Sroc

0N 2% SUC,ROSE (pH 4,5),

(n KATALS/ng protein)x
5ooc 6ooc Tooc

frgazyne M-10
(% of maximun)

Ultrazym lOO
(% of rnaxi¡num)

(r2%)

24*'t

ß3%)
2L"74t"03

(Loo%)

200tlO

(BL%)

52"57x,07

ßo%)
59,2t,7

07%)
37 "ot "L

6L"Á)

T2LT4

(rco%)

65t3

rÊ corrected for loss of activity during storage (avg, 5%/nonth)"

TABLE VI

0N & 2% UruLrN

ENZYI\TE

(o"6% w/v¡x
ACTIVITY (n I(ATALS/n8 protein)

35oc Sooc 6ooc ?ooc

OF CLARI

*Irgazyme M-10 pH 4"5
pH 6,0

*Ultrazym l-OO pH 4"5
pH 6"0

]NULASE pH 4"5
pH 6"0

pH 4"5
pH 6"0

IN\TERTASE

l.4'9+ "3
4.4+"1-

37 "otl
3 "3! '2

2:-.,7 y" 2

28,1+.l-

8"6+.3
U "o+ "2

l_0" g+.9
2.8t,3

33.l-t"?
O,O+"0

22"I+ "2
35 "3! '3

3 " 4!,2
1l-,41.2

7 "5+"4
I, Bt.0

34!2
O.0+. O

f n Bt.0
6"ot.f
1,4+.0
B.O+"5

O"57+.o2
f,LO+,2

L6 "4!'5
0"0+"0

J- 
" 
01,1

.2"7+ "L

o"5!"2
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TabLe VI tabulates the speci-fic activities of these

enzymes on 0"2% conmercial- inuLin (pH 4.5 and 6,0), in compari*

son to an i-nvertase frora Saccharomyces ggryig!4g, and an inul-ase

fro¡r Kl-uvveJromvces f,raeil-is" The Ïrgazyne M-10 demonstraed

greater stabih-ty at the lower pH (4,5) than that at pH 6"0,

At all the tenperatures investigated there is about a two thirds

l-oss j-n activity at pH 6.0 as conpared with PH 4"5, At both pH

the highest activity was found at 35oC" SpecJ-fj-c activity
dropped by 50% fron 35oC to 6ooc at pH 4,5, then dropped off af-
nost completely at ?OoC" A sj-nil-ar trend was observed at pH 6,Oe

but with more activity remaining at ?OoC, The Ultrazym 1OO

showed greater stabilj-ty at pH 4,1 being conpletel-y destabilized

at pH 6.O, which indicated a namow pH optireum" Highest acti-
vity was found al 35oC, The activity being J-Ox higher at pH 4,5

than pH 6.0. There was little change J.n activity af 35oc, 5OoC,

or 6OoC at pH 4,5r but a 50% drop in activity at ?Ooc"

The trends observed for the inu1ase enzyme from

I0uyveromyc_es fragilis confirmed the l-iterature reports of a pH

optimum near 6.0 and a tenperature opti-mun near 5Ooc, (Fleming

and GrootWassink, 1980), Sj-nJ-larfy, trends observed for the

invertase fron Saccharomyces fraFilis confirn the l-iterature re-
ports of a tenperature optinum near 35oC and. a pH optinum near

6"O, (Anonynous, I9B0).

In terms of a conparison between the frgazyne M-10 and

Ultrazyn 100 preparations, trends appea-r simil-ar to those obser-

ved on sucrosee (table V), The broad tenperature optimum of the

Irgazyne M-ÌO at both pH values on inul-in, suggest the presence

of ¡nore than one enzyme, Al-so the resul-ts tend to confir¡a the

literature reports for i.nulases from Aspergillus of a pH optimun
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of about 5.O, and the temperature stability of these enzymese

(see tabl-e II). Although the UJ-trazym 1OO preparation had a

higher inuLase activity, the Irgazyme M-10 preparation appeared

to be the best potential source of inul-ases and thus the pre-

femed ca¡didate for further examination. Because of the pre-

aence of more than one enzyne with inulase activity it would be

expedient to util-i-ze them both"

4"3 PARTTAI _PURIFICATION 0F E_NZYMES

Due to the low activity of the enzymes preparations, parti-
cui-arily of the inulase actj.vity, (0"1 n kats/mg preparation) it
u/as decided to investigate the possibility of partial purifica-
tion of the enzymes through sone simple one-step procedure" At

this point al-so, an invertase, (Bakerts yeast) with a tempera-

ture optimum conpatibl-e with the inul-ase (lroc) l¡/as used. par-

tial purification of invertase enzyne $/as achieved through ex-

traction with a citrate/phosphate buffer, The sol-ubil_ized enzyme

u/as separated in the supernatant by centrifugatj-on at l-0r000 xg

for l-0 ninuteso This resul-ted in an increase in speci-fic acti-
vity of l-B tj-mes the ori-ginal.

Attenpts were made to isol-ate the i-nulase enzyme fron the

frgazyme M-lO preparation through the use of an ammonium sulphate

concentratj-on gradient" The results il-l-ustrated in figure ,
indicate the presence of two inuLase enzymes el-uted at diffe-
rent level-s of saturation, This was consistent with observa-

ti-ons of the presence of two enzymes obtained in the screening

studies, (section 4,2)" It is not apparent what the d.istinction

between these two inulases j-su Being derived from the same
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FIGURE q

PITRTFICATION. OF INULASE gìOM TRGAZyt"fE t{-l q By ELUTION

WITH AN AMMONTUM SUJ,PHATE GRA-DTBNT. ACTIVTTY (@)

(nkqtsl" (ø) ABSORBANCE 04EFFULUENT AT 280 nm"

nnaaBo

1" 50

L.00

o,50

ÏNULASE
êcTrvrTY
n kats

l"OOO

. Bo0

" 600

"400

"200

o4o0,00

AMMONIUM SIILPHATE

- ôa)



source, (AsperEil-Lus sp") they nay represent ¿n rrslorr and an

rrs¡flelt, (Ztttan, 19gf ) ore an intracell-ular and an extracelLular

enzyme" Attempts to isol-ate the enzynes, either together or Be-

parately, by batch precipitation wj-th ammonium sulphate were not

suc c ess ful,
Purification of the inulase activity was al-so investigated

by the use of ul-trafiLtration, The results are illustrated in
table VII. A PM 10 menbrane with a molecular weight, (MW) cut-

off of 10rO00 was used, The rejection coeffi-cient, (appendix

1(d) of the protein component was determined to be 1"O0, indi--

cating complete rejection of the protein component by the mÊrn-

braneo On this basis¡ tro increase in specific activity could be

expectedn A6 would be expected, very l-ittl-e activj-ty :luas. found

in the fil-trate, (I"376 of the original)" There was however a

l-oss of activity in the retentate of nearly two thirds of that

irritia]-ly present , (62,3%) " The possibj-lj-ty that the enzyme was

denatured by the pressure or stirring employed i-n the procedure

does not 6een likely, Subsequent experinents under the sarne

conditions, but with a different membrane resul-ted in no net

loss of activity, This significant loss of activity can pos-

sibly be explai-ned by the tendency of the Pl,l series membranes to

absorb hydrophobic mac.romol-eculesu

On the basis of the above resul-ts, it was decided to re-
peat the experinent with a different membrane series and a higher

nolecular weight cut-off" The Xl'f 10, a moderately hyd_rophilie.

membrane, with a molecular weight cut-off of 501000 was chosen,

As would be expected v¿ith a nembrane with a higher nol-ecular
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weight cut-offe more of the protein component may perneate the

membrane and therefore a drop in the rejection coefficient to
O"8l- was observed" It j-s interesting to note that the rejection
val-ue for the carbohydrate component remains essentially un-

changed, in spite of an increase in molecular weight cut-off of

5 ti-nes" It is al-so noteworthy that al-most half of this com-

ponent has a mol-ecular weight larger than 50e0OO, The inuLase

activity was equally distributed i-n the filtrate and retentate

fractions, (26.9% and 2J,7% vespectively)" Again however, there

rvas no net increase in specific actj-vity, rather a net Loss of

47"3% of the original activity, presumably due to binding to
the membrane"

To achieve a better fractionation of the enzynes in the

preparation, a membrane wj-th a nol-ecular weight cut-off of

100r0O0, the XM 1OOA was used. There was a further red.uction.in

the rejection coefficient of the protein component to o"75s in-
dicating more permeation of the membrane by proteins, There was

no net loss i-n activit,y with this membrane and a nearly equaÌ

distrj-buti-on of activity between the two fractionso This in- -

dicates two possibil-itj-es. Either the enzynes are freely perne-

abl-e through the menbrane, becourlng equally distributed on

either side of the membrane¡ or there m4y be a separation of

the two inulases found in this preparation. Sufficient of the

non-inul-ase protein v¡as rejected by the membrane so as to effect
an increaee in specific activity to I84% in the fiLtrate. At

thi-s point nearly all the carbohydrate conponent was freely
permeable, trþom these observations i.t appears the inul_ase
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enzymes have a nol-ecular weight in the 5OeOOO-1OOrOO0 rarÌge,

This is consistent with the vaLue of 601000 for an extracellu-
lar inul-ase fron AsperAill-us niger, (Nakamura É_Êf," s I97B) 

"

4"4 COMPLEIInNTry HYDROLYSfS WTTH IRGAZYI'IB M-10 AN_D_ INVERTASE

Ït has been reported that the inuLase and invertase enzyne

have a preferred substrate range in ter¡ls of poÌymer length,
(Byun and Nahm c I9?8) " The invertase preferying the d.imer

sucrose, the inulase prefeming the intermediate polymer lengths
(DP 2-18)" Because their ranges do not generally overlap, the

effect of simul-taneous hydrolysi-s of inuLin by both. enzymes was

lnvestigatedu

fn a preliminary study, both the unpurified invertase,
(Bakerrs yeast, 55oC optinun) and the Irgazyne M-10 preparation,
(AspeJ:eil-Ius sp.) were examined by using concentrations of each

to give approximately balanced level-s of activity, Different
vol-umes of each enzyme 'were bl-ended to create various ratios be-

tween two enzymes, These were eval-uated on 2.O% j-nulin at 55oC

and pH 5"0. Figure 6 illustrates the change in activity of the

mixture as the ratio of enzymes changes, Both enzymes indi-vi-
dually, have approxinately equal l-evel-s of activity" (at point

O/LOO.' IOO% invertase, activity is O.Bn Katal-s, while at point

IOO/O, LOO% Irgazyme M-l-O, activJ-ty is l.On KataLs)" As the

proportion of frgazyme M-10 preparation increases, there is a

rise in activity, above that which could be attributed to either
enzyne a.Lone, This increase becomes naximal- near a ratio of 60%

Irgazyne M-IO/40% i-nvertaseo All mixtures of these enzymes
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IIry
cgamcu ru actrvltyl (sr all:l clinwcn-tw o

T0TAI HYDROLYSIS (øl AS RATI,_O 0F

ENZYMES CHANGES

% torp¡,
HYDROLYSTS*

t_o0
ACTIVÏTY

nkat
2"4

2"O

ô.8

o/roo 7o/Bo 40/6o 60/40

TRGAZYME I'T-1O,/INVERTASE

-lL hydrolysis of 2"O% Inu1in
to complete hydrolysis by

80/20 roo/o
(%)

after L hour, compared
acidø
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result 1n an j-ncreased activity above the l-eveL of either enzyne

al.oneo but there appears to be an optimum ratlo, At the point

6o/4o tne increase in activity is approxirnatery 2,3 times the

actì-vity of either enzyme al-one, The degree of total hydrolysis
reached after one hour is al-so plotted on the saÌne graph, ( ti-
Bure 6)" At the optimum point, (6O/4O) there was nearly com-

plete hydrolysì-s (g?.4%, compared to complete hydrolysis with
acj-d),

The enhanced activity of the mixtures of enzymes is not

like]y due to a true synergistic effect, Rather, there j.s an

increased effi-ci-ency in uti-l-ization of prefemed substrates"

The inuLase enzyme has a greater effectiveness on the higher
polymers than does the invertase" The inurase enzyme al-so

hydroJ-yses the polymers, (op 3-rB) faster than it hydrolyses

sucrose. Conversely the invertase hydrol_yses sucrose much

faster than the inul-in polyners, (typicaJ s/r of l-4ooo). The

reader wil-l- recal-L the inulase preparation nay be actually a

mixture of an exo and an endo-inul_ase (Zitta¡r, f981), The j-n-

creased acti-vity can be explained on the basis that the j-nver-

tase a¡rd the exo-inulase a-re capable of ttrecogni-zingrr a pre-
femed polymer length" Thus, their active sites are npre-

occupiedtt by the msst prefemed substrate, The end.o-i_nul_ase

supplies polymers of variabLe length by its random hydrolysis,
thus building up the concentration of poJ-ymers of shorter a¡rd

internediate length" This al-so suppÌies the necessary trprefer-

redrt substrates for the invertase and exo-inul-aseo
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4,5 COl"pLEi.mi{TARY HYDROLYSTS WrrH TNULASE AI'TD TIVERTASE

It was observed that hydrolysis of inulin proceeded at a

faster rate ivhen inul-ase and invertase I'iere used together" This

phenomenon of complementary hydrolysi-s t¡¡as further investi-gated

v¡ith partially purified invertase, (section 4.3) and the l{ovo

j-nul-ase preparation, (from AsperÊil-lus sp" courtesy l'trovo

fndustries Ltd, Zittan, 19Bl), l"iixtures of the above tv¡o enzyrces

v/ere eval-uated on substrates rvhich included: cominercial inuf-inr

Jerusal-ern ari,ichoke extract, and mj-xtures of the tv¡oo This

variety of subslrates was used to investigate the efíect of the

average DP on the hydrolytic pattern"

As in the previous section, the I'lovo inul-ase and invertase

rvere used ì-n varying rati-os, (balanced activities) on a substrate

of Z"O% commercj-al inutln, (average DP 19). The resuJ-ts, il-lus-
trated in figure 7 i-ndlca'ue the activi-ty of any given r¿ixture of

these two enzymes is higher than either enzyme alone" The maxi-

rnum l-evel- of activity recorded was with a mixture of BO/?O, (lVovo

inul-ase/invertase) and represents approximately a 3ri'3 increase

in activity, Gas chromatography was used to examine the produc-

tion of different sugars over the course of hydrolysis" Figure B

depicts chromatograms of (A) unhydrolysed inufin, (B) acid

hydrolysed inul-in, and (C) enzyüe hydrol-ysed inulin, (1OO/0 l{ovo

inul-ase). The chro¡latogram of the unhydrolysed sample (A) re-
veals no free reducing sugars and no polymers below DP 4" A

trace amount of sucrose (0"01|l U'i/\¡¡) was detected on one out of

three repJ-icatesu The acid hydrolysed sample (B), (completely

hydrolysed) reveal-s fructose and gJ-ucose i-n a ratio 18:1, (9rç'¿
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FIGURE 7

l
ACTIVTTY: 0F VARyTNG RATTOS 0F INULASE,/TNVERTASE

ON 2,0% ]NULIN

o/rco 2o/Bo 40/60 6o/4o Bo/2o too/o
Novo rivul,¡,sn/ TNVERTASE

I activity after one hour, average of duplicate
experiments

7.o

3"o
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FIGURE 8

GAS LISU]D CI]ROMATOGRAMS OF 0,2% T¡IULIIV

(A) unhydrolysed, (B) acid hydrolysed, (c) enzyme hydrolysed

(fS)=Tnternal- Standard, (F)-Fructose, (G)=Glucose, (Z)=Sucrose

(B)

(c)

(rs¡

o ,.48 5,98 . 8,'51 10"43 12"o, 12"72

tç {n¡-nutes)



*44*

fructose) and a smaLl amount of sucrose" fn add.ition, there
were three unidentified peaks with retention times, (tr) of
10,45, ff,72, a¡d 12,72 ninutes" These peaks are likely not
sugars, rather by products of the acid hydrolysis. The tn of
monosaccharj-des are much lower, (fructose tR=5,48, glucose

tn=5.98) whereas the tR of disaccharides are generally higher,
(sucrose tR-12,05, maltose tR=lL.98e IZ"3Z, 13.24) and tri-
saccharides higher (raffinose tR=lZ "O3) " The chromatogram of
the enzyme hydrolysed sample (C) reveaLs the presence of glucose,

fructose and sucrose. The presence of sucrose illustrates the
preference the Novo inulase exhibits for the polymers Dp J-tB in
comparison to the disaccharide sucrose" The unidentified peaks,

as on the chromatogran of the acid hydrolysed inul-in, (n¡ are

absent. The production of various sugars over time is ill-ustra-
ted in figure 9" The reLease of glucose, fructose and sucrose

is indicated as a resuLt of hydrolysis of o.2% Lnu]'in wi_th roo/o,
60/402 O/IOO, (Novo inulase,/invertase), The significant fea-
ture of hydrolysis with the Novo inul-ase ar-one , (loo/o) is the
presence of sucrose in the reaction mixture, (there were al_so

detectabl-e l-evels of DP J present at 30 nrinutes), The l-evel_ of
sucrose remained essentia]ly unchanged after one hour. rt is
apparent that as long as there are polymer lengths avaiLabl-e

preferable to sucrose, there wil-l- be unhydrolysed sucrose pre-
sent' As these polyners are hydrolysed and their concentration
decreases, hydrorysj-s wilt shift to sucrose. HydroJ_ysis with
6o/4o, (Novo inulase/invertase) reveal-ed a sinil-ar pattern ex-

cept that any sucrose ini.tially present was hydrolysed and there

was no net build up of sucrose as time proceeds" The hydrolysis of
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sucrose is refl-ected in slightly higher glucose and fructose
Level-s" rt is the complementary hydrolysis of sucrose by the

invertase, thus freeing the inulase to hydroÌyse larger poJ-ymers,

that accounts for the increased activity of these nixtures. lThen

hydrolysis occurs with invertase, (O/tOO) tire initially present

sucrose is hydrolysed and there is no subsequent buil_d üp, But

due to the poor ability of j-nvertase to hydrolyse the J-arger

polymers, the amount of fructose rel-eased is reduced by about Zr%,

The gÌucose content is simil-ar to the other two patterns, An irn-

portant observation hov¡ever is that the fructose l-evel- increases
only sl-ightly from 30-60 minutes. This is refl-ected in the F/G

ratio. VThereas the F/G ratio for the other two patterns increases

from 30-60 minutes F/e (toolo)=+.28, F/G (60/4o)-+.26)t the F/G

ratio for the invertase remains essentially unchanged, (+.oz)

It is evident that hydrolysis rvith invertase alone woul-d take a
long tinoe, whiì-e hydrolysis with inu]ase alone would resul-t in a

net build up in sucrose til] other polymers had been hyd.rolysed,

A mixture of the tv¡o enzymes appears to make the most efficient
use of the substrate"

The Novo inul-ase and the invertase, r,vith balanced activi-
ties curve s/ere used in varying ratios on a substrâte.of z.,o%.

Jerusalem artichoke extract. The resul-ts il_lustrated. in figure lO
i-ndicate that nixtures of the tv¡o enzymes resul-ts in h]-gher acti-
vity than either enzyme alone. The highest activity recorded was

for a ratio of 40/60, (Novo inur-ase/invertase) and. represents
approximately a 30% increase in activity. The l-ower optimur ratio
of 40/60, (compared with Bo/2o on z% inulin) refl-ects the lower
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average DP of this substrate, (Dp 4) and particularfy, the abun-

dance of sucrose and l-ower polymers, Gas chromatography was

used to examì ne the production of different sugars as a resul-t

of hydrolysis" Figure 11 depicts chronatograns of: (A) unhydro-

lysed 2% Jerusalem artichoke extract, (B) acid hydrolysed ex-

tract, and (c) enzyme hydrolysed extract, (too/o Novo inulase)"
The chronatogram of the unhydrolysed sample indicates the pre-
sence of fructose, sucrose, DP 3 and DP 4" The absence of
gJ-ucose is kikely due to conversion of fructose and glucose to
sucrose by tuberal- enzynes via the uridine diphosphogluceric

acid cycle" The chromatogram of the acid hydrolysed sample re-
veals the presence of fructose, glucose in a ratio of about 3:r,
there was no Eucrose present. fn addi-tion, there ïvere three un-

identified peaks at 1o"43t ll-"22 and Ir"79 minutes" The simi-
larity of these peaks to those on the chronatogram of acid hydro-

lysed 2% j'nurín further i-ndicates their origin as being by-
products of acid hydrolysis" The chronatogran of the enzyme

hydrolysed sample, (roo/o Novo inuLase) reveaLed fructose and

glucose present in the ratio of about J:!" There was a smarl_

arnount of sucrose present and no higher polymers were detected"

The unidentified peaks of the acid hydrolysed sample were al_so

absent"

It was observed that the optimum ratio of enzymes was widely
dj-fferent for these two substrates and that the average Dp of
these substrates al-so differed wideì-y, (inulin average Dp lp,
Jerusal-em artichoke extract average Dp 4). To determine whether

the position of the optimun bl-end was dependent on the average DP

of the substrate, inulin and. the arti-choke extract were nixed i-n
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different proportionse (total concentration Z%) to create sub-
strates of different average Dp¡ s"

0n a substrate of I% inul_in a¡d I% Jerusalem artichoke
extract, (average DP l-1,5) a simiJ-ar trend in activity¡ âs on

?fi :-nurin, ïrras found, (figure fz), Here, the naxinum l_eveL of
activity is found between 60/40 and. Bo/zo, (Novo inulase/
invertase), and represents an increase in activity of ab ou1- 3O%,

All conbinatlons of the two enzymes are higher 1n activity than
either enzyme al-one.

0n a substrate consisting of l-"5% Jerusal-em artichoke ex-
tract and 0.ll inulin, (average Dp Z) a si¡nilar bel_l_-shaped

activity curve is observed, (figure I3). On this substrate the

maximun l-evel of activity fies between 40/6o and, 60/40, (Novo

inuJ-ase/invertase), The increase in activity was recorded to be

about 25%.

The effect of the average Dp of the substrate on the posi_
tion of optimin ratio can be further examj_ned by plotting the
resuLts from the above four experiments, (figure 14 a ). Gene-

rally, the optinum ratio increases with the average Dp of the
substrate, As the average Dp of the substrate increases, a mix_

ture of enzymes with a higher proportion of inul-ase becomes more

suitabl-e. As is al-so evident fron the graph, when the average

DP of the substrate reaches rf,5 or higher, the position of the
opti-num ratio becomes constant" A quadratic curve can also be

fitted to this data, (figure 14 b )" Because this data was d.e_

termined by intervals of zo%, the two l_ines are only an approxi-
nation of this re1ationshlp.

As was nentioned earlier, the 4O/6O ratio was the optì-nun
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ratlo on a substrate of 2,07,4 Jerusalem artichoke extract" How_

ever¡ on a substrate of o,7% Jerusa]-em artichoke extract, the

Bo/2o ratio was recorded as the optimum ratio at one hour.
Figure '15 illustrates hydrolysis of O" ?% Jerusal-em artichoke ex-
tract by varying ratios of enzymes, The trend is simi_l_ar to that
for other substratesn At the maxi-mun point of activity there is
an increase in actì-vity of about 4o%, The ruajor difference is
the change in position of the optinum ratio, This change in op-

timum ratio, from 40/60 to BO/ZO, (a change to a larger propor_

tion of inulase) possibJ-y ind.j_cates that when there is a shortage
of substrate the i nul-ase and invertase begin to compete for the
substrate' It is apparent then that the lnul-ase competes success-
fully, (thus a shift to more inuLase in the optimum ratio)" This
feature is refl-ected in the Kmr s of these two enzymes. From the
information in table v, it is apparent that inul_ase Kmrs for
sucrose are generaÌly five times l-ower than lnvertase Kmrs for
sucrose e

Another important consideration j-s whether the increase in
activity of the blends of enzymes, as observed at one hour, vrill
actually resul-t in faster, complete hydrolysis of the substrate,
Jerusalem artichoke extract, (o"??á) ïuas hydrorysed by various
b]ends of Novo inulase and invertase, (ba]anced activities). The

degree of hydrolysis vras measured over time, As can be seen fro¡r
figure L6', all mixtures eventual-1y reached loor¿ hydrorysis, After
one hour the rate of hydrolysis by OrzIOO, (j-nvertase) sl-ov¡s con_

siderabl-y" ExtrapoJ-ation of this Line indicates compJ-ete

hydrolysis woul-d be reached after si-x hours, This decrease in
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activity is likely due to exhaustion of sucrose and other sxnall-er
polymers which are easil-y hydrotysed by the invertase, The op-

tj-num ratio at one hour is the BO/2O mi-xture v¡hich is al-so the
mixture to completely hydrolyse the substrate the fastest, foÌ-
l-owed by mixtures with decreasing proportions of inul-ase" The

Novo inulase t (IOO/O) completely hydrolyses the substrate faster
than those mixtures v¡ith a lower proportion of inulase than
invertase, (4o/6o, Zo/Bo)" The degree of hyd.rol_ysis with the
Ioo/o mixture is greater than the 4o/6o or zo/Bo mlxturesr pre-
sumably because, by the time 50% of the substrate has been

hydrolyseû ¡. (one hour) there are insufficient l-evel-s of sucrose

and srnal-L polyners to sustain invertase activity" The snall_

amounts of sucrose produced by the action of the inulase is com-

peted for by the inulase and invertase, The inul_ase, by virtue
of its higher affinity for the substrate in comparison to inver-
tase, (f olver average Km) succeed.s"

The evol-vement of different sugars vüas measured by gas

chromatographyr âs a resul-t of hydrolysis of o.?g3 Jerusal_eru arti-
choke extract by the optinun ¡nixture of Bo/zo, (Novo inulase/
invertase)" As can been seen from figure 1?, there is a large
initiaÌ increase in fructose, after which the rate of increase in
fructose slows and will eventually plateau, as al_l_ the inulin is
hydrolysed. Sucrose content initial-]y drops then increases at a

decreasing rate. The initial drop i-n sucrose concentratj-on is
due to hydrolysis of initial-l-y present sucrose, As other higher
polymers are hydrolysed to the diner, (sucrose) sucrose content
increases, Eventually the rate of production of sucrose wil-l
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decrease and there vril-l- be a net

Gl-ucose content is dependent upon

rvould be expected glucose content

sl-or,.¿s doln but stil-l- i_ncreases as

hydrolysed 
"

decrease 1n sucrose content,

hydrolysi s of sucrose. As

increases rairi_dly at fi rst then

long as there is sucrose to be

4,6 COI'{PUTER }.{ODEL: POIENTIAL ECOI{OþIICAL ASPECTS OF ARTICHO}íg

EXTRACT ITYDROLYSTS BY BLEI\DS OF INULASE AI'ID TNVERTASE EÌiIZYI,ruS.

During storage of Jerusal-em artj-choke tubers from fal-] to
sprinS, changes occur in the inulin and related fructosan com-

ponents, Generally, the high mol-ecular weight fraction decreases,

thus increaslng the l-ow mol-ecurar weight fraction. This is re-
flected in a decrease in the F/G ratio from a val-ue of 9zL in the

fal-lr.to a value of 5:1 j-n the spring. The F/G raLio and there-
fore, the average DP of the fructosans found in artichoke extracts
will- denend on storage tine, This study has shown that extracts
can be hydrolysed more efficiently vrith bl-ends of inulases and

invertase than with inul-ases alone, The optima]- ratio of the

enzyme bl-end changes v¡j-th the average DP of the fructosans"

The foll-owing computer model- serves to il-lustrate the rela-
tionsirip between the use of enzyme bl-ends for the hydrotysis of
artichoke extracts and the econonical aspect of hydrolysls. pro-

granis used to generate the data are listed in appendix ," fn
order to facilitate implementation of the model, the fol-l-olving

assumptions vüere made" The model- is that of a batch procedure for
the production of high fructose syrups by enzymlc hyd.rolysis of

artichoke extracts" Hydrolysis must be cornpleted in a constant

time period, therefore the variable factor is the dose of enzyrre
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needed, (DOSE)" The optimum ratio of enzymes, (oPT) for any given

substrate with a characteristic average DP is defined accordì-ng

to fi-gure 1.4(a) v,rhere l) RATIO = j"4(Dp)+!"9, for O<Dp<11"5

and 2) RAT]O =.?o, for DP>]1"5" The ratio of inulase/invertase
used, (RAT]O) is based on units of activity and not on grams of
preparation or cost units, Tt was further assumed that the maxi-

mum increase in activj-ty possible, by using OPT as compared- to
IOO% inuLase is an increase of 5O?,¿,

There are three factors rvhich affect the economi-cs of the

hydrorysis. They are: l) the average DP of the substrate, z) the

ratio of inulase/invertase, (RATIO), 3) the cost ratio, (CR) be-

tween j-nulase and i-nvertase, (that is the cost of inulase per unit
acLivíty/cost of invertase per unit activity)"

The fj-rst step in analysis of this model i s to exami-ne the

effect of substrate DP and enzyme RATrO on DOsE. As is il]us-
trated by the response surface in figure fB, the lolest DOStr of

enzyme is found at the optj-rnun ratio, (opt) for any given sub-

strate DP" For example on a substrate of average DP=6 and a

ratio of B0 (BO?á inulase/invertase) the DOSE=L32.?6" For the

same DP=6 and the optinurn ratio of l¡2,2, DosE=l-OO, the l-easù

value of any other RATIO."

The second step of analysis is to examine the cost of

hydrolysis, (CCST)" COST depends upon two factors, the DOSE of

enzymes, (figure 18) and the COST ratio, (Cn¡ between inulase
and invertase, This relationship is demonstrated for the case

of an extract v¡ith an average Dp of 6, (figure l9),
\¡vhen cR betv¡een the ratios i.s equal to l-, the optimun ratio
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(42i% inulase/58?6 invertase) is crearly the most economical rati_o

as wel-l, when cR is l-ess than r, although the opr ratio is the

ratio with least DOsEe the benefit is not great enough to off-
set the cost of the proportion of the more expensive enzymee

Therefore by the time CR<0,50 the most economical- ratio is the
roo1l3 inulase, 'vlhen cR is greater than r, the reverse is true"
As cR increases the henefit of decreased DOSE is offset by

rising cost, due to the increasing proportion of the more expen-

sive inul-ase, \idhen cR is less than or equal to z"oe the econo-

mical- optimum is the same as opT" \¡./hen cR is greater than 2,0
sone ratio l-ess than OPT'wiff be the most economlcal_. For this
nodel, if ,the lnvertase_were capable-of completely hydroJ-ysing

inulin, the economical- optinum v¡our-d be Loo'á invertase.
rt is of-interest to-note that as cR increases above

aLthough the cost of operating at opT increases, the cosT

tive to lo07i inul-ase decreases according to the equation
C0ST=(1 z-CR). This implies that there is a point when

further lncrease in cR has a negligible effect on the cost
operating at OPT. For this model-, when cR-- ?, the cOsr at
increases by less than I?J"

l_e

rel-a-

of

OPT
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coNc],ujs IONS_AND RECOMMENDAT IoNS

The results of this study indicateð. that the Irgazyme M-l-O

preparation contained inulase activity, Activity of this pre-

paration was deternined to be O"I7 nkal/mg" This is Low i-n

comparison to a commercJ-aL inulase preparation developed by Novo

Industries Ltd. with an activity of 5O nlxat/W" Although the

actlvity of the Irgazyme M-]0 preparation was partial.ly increased

by purification, it became apparent that more than a one-step

procedure u¡as necessary to achieve satisfactory levels of

activity. Tn addition to both being derived from Aspgrgill-us

sp, other similarities existed" Both contain more tha¡r one inu-
l-ase with slightl-y differing properties, The pH optimurn was

found to be nearer 4.5 than 6"0, while the highest activity was

recorded at 55oC. Tt is possible that the Novo inulase prepara-

tion is actually a purified form of the Ïrgazyme M-l-O

preparation"

These parameters of temperature and pH optima indicate
that the inul-ase enzymes frorn rrgazyne M-Io or the Novo prepara-

tion would be compatibl-e with the processing technique of Hoehn

4_êf," (1981), for the production of high fructose syrups by

enzymatic hydroJ-ysis of i-nul-in from Jerusal-em artichoke tubers,
The enzymes were able to completely hydrol-yse inulin a¡rd related
fructosans without devel-opment of certain breakdown products

cha¡acteristic of acid hydrolysis, as reveal-ed by gas chromato-

graphy' No off colour probrens were observed with enzyme

hydrolysis, In addi-tion, the inulases would be prevenied from

conta¡ainating the fj.na-l product, The molecul-ar weights of
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inul-ases (>rO,0O0) is far in excess of the cut off of 1OOO,

characteristic of the ultrafiltration raembrane used in this
proc ess 

"

ft v¡as observed that mixtures of either of these inulase
preparations and invertase demonstrated greater hydrotytic acti-
vity than the sane concentration of either enzyne afone,

Fïrthermore, it Ís apparent that the mlxture of enzymes v¡ith the

hlghest activitye lvas dependant on the average DP of the

substrate, Generally as the average DP increases, the propor-

tion of inulase in the optimum ratio al-so lncreases" Substrate

concentration al-so has an ef,fect on the formul-ati-on of the

optimun ration The extent of inpact of this variable on enzyme

activity has not been coiapletely investigated, ft is therefore
recoltmended that further investigations be conducted j-nto the

effect of substrate concentration on the activity of the inulase,/

invertase systern. This is of i-mportance considering that incÌus-

trial applications of these enzyÌnes to inul-in hydrolysis i','il-l-
occur at substrate limiting concentrations, by virtue of the poor

so]ubility of inulin at lolver temperatures" It is further re-
cominended that investigation be cònducted. to deterrnlne the effect
of polymer distributlon v¡ithj-n a substrate¡ ofl the acti-vity of

these enzyne ni-xtures, For example, a substrate vrith an average

DP of l-0 nay be composed of a normal- distribution of poJ-yrners

about the mean, either a narro\',r or wide distribution¡ or an in-
balance of polyr:ners resulting j-n a skeived distrj-butionu such a

characterlzation of polymer distribution, al-though clifficult,
could be obtained in part through the use of high pressure liquid
chromatography,
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In additioir, it shoul-d be noted that although this st,udy

has investigated the interacti-on betrveen invertase and inulase

preparation ¡er 6e¡ the J-nul-ase preparation-is actually a mix-

ture of an endo and all exo inul-ase. ft is likety that the

average DP of a substrate t'¡ill- affect the optiiluro proportion of

these tlo inulasesu For example, if a substrate t'¡as conprised

niosi,ly of polyner lengihs I arger than the pref emed, range of tìre

ello inul-ase, a ini>rture of inulases favoring the encÌo inulase

could possibly be rnore active than the reverse ¡ri;<ture.

Fror¡i stuoi-es carried out on the econolnic potential- of this
system, it apoeared there was economj-c benefit in using a illi>r-

ture of inulase/invertase to hydrolyse inul-in. The co:'rect

anplication of this systeil is depencÌant upon knoryledge of the

average DP of -çhe substrate and- the cost rati o between tne !u\:io

enzynes,

Tire inechanisn iha! accounts for this conipl-et¡entary hydro'ly-

sis betl'ieen j-nulase and- invertase is oìoen to spqcul.4tioau An êx-

anination of soine of the ì-,nor.;n and observed. data, eoes provid-e

some unders'uand-i¡9, ft has been knot¡n that inulases e>;hibit, e

preference for certain pol-ynrer lengths as substrates" I,n end-o -
inulase froie ill-_ut¡veron.y'ces fragi-lis rvas reported- to exhibi'u pre-

ference for pol-yners of loiver DP, especially sucj:ose, (i'iahl,r and

Byu-n, 1977) " In contrast hol'rever, I.laka,:lura et a.ln (1978), re-
porting on an extracel-l-ul-ar end.o-inul-ase fron Asperliillus nj-ger,

found- this enzyme to be inactive on sucrose and scarely active
on polyners snal-l-er tha¡ the pentasaccharide" Zittan (f9gf ) re-
ports that, the I'lovo inul-ase, prepared froll $glæ-rriillus. slr" vias
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capabl-e of hydrolysing all polymer lengths encountered in a sub-

strate of comrnercial- inulin. The S/I raL; o vras d.etermined for

the l,lovo inul-ase during the course of the study and I'ras found to

be ?,9" The Novo inul-ase pre¡laration, consisting of an exo anC.

an endo-inul-ase, hydrol-ysis sucrose three times faster than

connercj-aÌ inul-in, Based on inforr:ration avail-abl-e about inulase,

it can be deduced that the ltrovo inulase exhibited a preference

f or fructosans of l-ov¡er DP > sucrose ) fructosans of higher DP,

This al-so seems to be suggested by the data given in figure 9"

In the exanple of hydrolysis of i nulin r,¡ith I.CO]/L i'iovo inul ase

there is a near constant arnount of sucrose present during the

first 60 minutes of hydrolysis. This indicated that although

sucrose hydrolysis occured, polyners e¡ ]ligher DP vrere hyd.rol-y-

sed faster, indicati-ng preferentiãl.hydro1ysis" 'Since the Novo

inul-ase is capable of þydrolysi-ng inulin, the. sucrose rvoul-d be

hydrolysed l-astn Due to the presence of the exo-inul-ase in this
preparation, aU- polymers of higher DP, DPrs v¡ithin the pre-

ferred range for hydrolysis, ID the example t'¿Ìrere both inver-

tase and the lrTovo inul-ase a-re present, the sucrose is rapidly

hydrolysed, Thus, the tlo enzymes complenient one another by

hydrolysing preferred substrates,

An interesting situation arises when hydrolysis proceed.s

to the point v¡here the substrate concentrations are very lor';

and nostly sucrose predoniinates" As j-s indicated by the hydroly-

s-is of 0,7?! Jerusalen artichoke extract, (figure 16) cornplete

hydrolysis is reached sooner by the LOOî'| Ínulase then b¡r mix-

tures rvith l-orver oroportions of Novo inulase then inver-rase, The
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change in order, from that predicted by figure L5t occurs just
after one hour has elapsed" By this time about 50-60?,/" hydroly-

sis has occured" Presumably the bulk of polymers have been

hydrolysed leaving mostly sucrose. Those lvith l-olver DP are

hydrolysed by preference whil-e those rvith higher DP are cl-eaved

by the exo-inui ase, thereby ensuring their hydrolysis ahead. of

sucrose" The IOO,c5 Ì{ovo inulase, completing hyd-rolysis alteaci of

ihe 4O/6O or 2O/BO mixtures implles that the Novo inu]ase is
faster at hydrolysing sucrose tiran the corresponding component

of invertase j-n the other nix'r"ures. This could also e>:nlain

vrhy lovrering the concentra-uion of artichoke extract frorl z"Oli to

O"7i!" results in an increase in proporti-on of i'iovo j-nul-ase in ihe

optinuin ratiou At A"7î'" substrate conceni,ration, there is a con-

siderable amount of inulase not ttoccupief,tt i,¡lti1 hydrolysis of

lnlrl in, Since there i s a Ìarge proportion of sucrose present

i-nitially, the invertase is out-cornpeted for sucrose as substrai,e,

by the Novo inul-ase" The iirrplication then, is that the hrovo

i-nulase Km for sucrose is l-orver than that of the invertase.

This j-s possibl y suggested by the data given in table V, whi ch

i-ndicated inul-ase K¡nr s are generally five tinies lorver f or sucrose

than the invertase Krn! s, Figure lJ predicted that the ooti nuä

ratio for a substrate of average DP=z, (sucrose) r'Ias in the

range O/IOO-2O/BOu i{ovo inulase/invertase" If it is true that

the l{ovo inulase has a l-oler Ïiur for sucrose than the invertase,

then an optimun ratio j-n the range BO/2O-TO0/0 v¡ould have to be

expected, The relationship betleen DP and ratio:of enzymes

would then be best described by a quadratic poJ-ynorii-al- as .



_69_

indicated in figure 20, A determination of the optinur:r ratio on

sucrose (Oe=a¡ and other substrates of similar DP (ie" DP=2.3t

2,5r 3"O) woul-d be necessary to confirrn this¡ âs v¡oul-d a com-

parative study of Kmt s,



-7Qu

F]GUJìE 20

THEORETICAL RESPONSE 0F OPllIì'iUI.i RATIO 0F

EÌ'TZYI.,T],S TO AVERAGE SUBSTRATE DP"

Bo/20

60/ 40

40/6o

20/ go

5

AVERAGE

-fo t,
SUBSTRATE DP

OPTII'iUJ.i RATIO

INULASE/TIWERTASE

o/Loo
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APPEi'IDTX ]. SAi';PLji CAI,CULAT IOiiS

,ApPElÐ".I)i. 1( a) PALCULATIOI{ OF RESPO],ÏSli F^CTOR,3

ng su8ar
i'íean Standarcr

peali area devi ation

5,O mg Fruciose 2.6 x 1C5 tC.l-

5,O mg Glucose 2"6 x ltO5 tO" i

5"O ing Sucrose 1"9 x l-05 +O.f

6"0 mg IS
El.B x fo2 to.l-

RFS = (As,/lTs) (\:iIs/AIs)

Rtr- + (2"6 x 1or/5 mg) ( 6"0 ng/r.B x 105) = r.?j3*'' Fructose ¿

R!'^. - = (2.6 x io5/5 mg) ( 6"0 mg/r"B x to5) = r,?33Gluc Ose

RFo.. ^ = (I.9 x to5/, ng)(6"0 mg/L,B x ]05) = L.z6?Þucrose

APPETDJ¡(_ 1(b) CALCULÀTÏCI{ OF ltG SUGAR By GLC

iVS = (As,/nfs ) (lïfs/¿fs )

wFbr"tose = (2.9 x lo5/t"?i3)(2.1 mg/gno x lo4) = 3"90 ng
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APPEÌÐIX 1(c) CALCULATTO¡I OF ET'IZYÞ1E ACTIVTTY

vB/nI Sugar =
Correc ted

Katals

Corrected ug/mJ

tlg/rù test - ut/nl enzyme

blank

= Ì'IOLBS/SEC

= 972"1 -312.0 -

ug/mL substrate
bl-an-k

657 "g u8 = 0"618 x

6"18 x to-5s/fBo = 3"66 x

3"66 x IO-7 moles/36OO sec

2.2 - 657 "9 ug

to-3 e

]ro'7 mol-es

= 1"015 x to-10 KATALs

= 0.10 nKATALS

APPENDIX 1 (d) CALCULATI0I{ 0F IìEJ-ECTIOi'l COtrFFICIEI'TT

ñ -- In( Cf /Co)' I InGõ;@
v¡here Cf - final- macrosolute concentrati-on in the retentate

Co - initial- macrosolute concentration

Vo - j-nitial sarnple volurue

Vf = final- retentate vol-ume

êBu purification of inul-ase activity j.n lrgazyme t{-lo with Xli 50

testl Rprotein- ml- = o"7g

test 2
ìTnR orotel-d i +'Jn O. BJ

In( 28
n
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APPEJ'{pT} 2

RESPOi'{S,E FACT.OP,Þ (RF) 9F SUCROSE(ø). FRUCTOSn(o.) and

q!ilçQË]]]-@) . AT VAIIOUS c0i,ICnl'{TI?ATIoNs.

5 l-0

s UGAR COr,rcEi'tTRAT I 0r{ ( r.IG / t"L)
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APPE}.IDTX 4 TABLE .OF RESPOI.ISB. FACTORS

SAI'.'IPLE WEIGHT(mS)

SUGAR 1,0 2"O 5"o 10" 0 15" o

FRUCTOSB

GLUCOSE

SUCROSB

r.65

r"67

r"27

r'76
l_" 84

1.f0

L "73
r"73

r"27

L"7,

l-, Bo

r "2,

L, B0

f"84

L"22



APPEi,IDIX 4

PEAI AREA. REflPONsn 0F SUCROSE(@)r FRUCIOSII(@l AiiÐ_cLUcOSE(o)

AT DIFFliREi.n C0i,,tcEr'{TRATrq}Ts 
"

PEAK ARNA

xl-05 6,

o.0d

-xl_-

I
ng/nli- sugar in

z)
reactlon chanber
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APPIiflfI¿( q ?ROGRAÌ';S FOR COì.PUTER },ÍODEL

APPIiÐI¿X q(aì Determination of DOSE units for ratios of
inulase,/invertase on substrates v¡ith average
DPes J to ]7,

1 IIfIDGER J

2 REAL DPrRAlroroPTrDOSE

3 PRrNl 4

4 OPT = 70"00;RATI0 = O.O

c

6 pp=J.o

7 Do 6 J=leg

I rF(Dp.LE.11.5) opr = !.{ðDp+!.g
9 1'J"flILE(RATTO.LE.IOO.O) DO

IO CA¡I, LEIIEI,(OPT,RATIO,DOSE)

I I pRrtüT |4'DP'RATIO'1OO.O_RAIIO'DOSE

12 RAÎIO = RATrO + 5.O

13 END IJHILE

14 DP = DP+2.0

1' RArro = ooo

16 6 COÌ{ÎINTE

17 sToP

l8 4 roRH,AT( | Or ,110, r SU-BSTRATS Dpr , ÎJO, , RATIO INU/¡WI ,
* Tro,rToIÁ¡ DosE (UNITS)')

l9 l4 FORl.fiAT( ¡ ¡ ,Tl4r¡6.21116r¡6, ZeF6.ZeT6Zr¡6.A)
20 E¡ID

c

21 SUBROUÎIìrE LEVEL(OPT,RAIIOIDOSE)

2? REAJ. OPTTRATTOTDOSE

23 DOSE = IOO'O

24 IF(RATIO. LE. Opî) DOSÈDOSE+ ( OPT_RATIO)/OPT$5O, OO

25 IF(RATIO,cl. OpT)DOSÈDOSE+ ( RATIO_OPT),/(1oo" o-opT) ð5O"OO

26 REII'RN

26 EI'TD
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ÄPPEÌ{-ÐIX- q(Ð Determination of COST of hydrolysis for ratios
of inulaser/invertase, at a given 'Cost Ratios f or
a substrate of average DP-6,O,

1 REAL CoST9 oPT, DP, RATIo, Prl'$, PrÌW8 DoS¡

2 R¡ÁÐ 2e DP, PINU, PilW

t OPI = 70"00; RATIG=O.O; COST=O.O

6 IF(DP.LE.11"5)OPI=5.44DP+P.S

7 PRINT l4s DP, oPT, roO"O-oPÎ

8 PRII{T 24, PTNU, PÏNl¡

9 PRINT T4

c

10 WHrtE(RAlro.LE.r0O.O) Do

I1 CAI,L LEI'EI,(RATIO, OPT, DOSE)

l¿ COST= (RATI0/I00. O*D0SI"PINII)+ (I0O.O-RATIO) 1 00.0*)0SE"
PIM¡)

15 PRI}IT ¡+4, RATIO, IOO'O-RATIO' DOSE' COST

14 RATIO = RATIO + 1.0

15 ElrÐ I'¡HIIE

16 SToP

1? 2 POP¡X¡1(fFI¡.Z)

l8 24 FORI.fAT(rOrrTl0r|I{HEN fgE CoST 0F rl[l]LASE rsrrF4.2' U¡IrrS'
& I AND TEE COST.OF IMTERTASE.TS'I o -î4.ZIIIIINITS¡,;///I :

19 t4 lþRI'tAT(f 0r ¡TrO¡'IEE oPlrlÍtM RATro FoR HYDRoLYSTS oNr,
{Ð I$IIS SgtsSTRATE OF Dp = | nl5.2e
& | rs rrF6.2r¡ É TNI'LA,SE N.AD rrF6,2Dr Ë Il{1¡ERTASg.r)

20 t4 FORH,AT( | Or rTlO, TRATIO OF Iì[U/IMI| ¡TJou TToTAL DOSE (INITS) I .
ø 150 . I TOTAT, El,IZYtæ C0S1 ( INrlS | )

21 I{4 FORI.í.AT( r I uf lJrF6 n2eF6"2rTJ6r!'6.2rf6.2'F7.2)

22 E]{D

c

23 SI,BROUTTIÍE LEVlf,(RATroroPTrDosE)

24 FEAL OFT,RATIO,DOSE

2, DosE = 1oo"o

26 f F(RATIO.LT" OPî)DOSÈDOSE+ ( OPf-RATIO)/0PT{û50" 0O

2? rF(RATro.GT.oPT)DoSÈDoSE+ (RA1I0-0P1),/ (10C.0-0.ÐT) s5O" 0

28 REEIJRN

29 EI{D


