
THE CHARACTERIZATION OF JERUSALEM ARTICHOKE

(HELIANTTIUS TUBEROSUS L.) TNULASES AND THEIR

ET'FECTS ON THE TIIBER CARBO}IYDRATES

DURING STORAGE AND PROCESSING

by

REGINALD E. BACCHUS

A Thesis

submitted to the Faculty of Graduate Studies

ín partial fulfillment of the requirement,s

for the degree of

Master of Science

DeparËment. of Food Science

Universíty of Manitoba

ïrlinnipeg, Manitoba

Apríl, 1981



THE CHARACTERIZATION OF JERUSALEM ARTICHOKE

(tiLLI{lMl TUBER0SUS L.) INULASES AND THEIR

EFFECTS ON THE TUBTR CARBOHYDRATES

DURING STORAGE AND PROCESSING

BY

REGiNALD I. BACCHUS

i\ iircsis srrblllittcrl to thc [ìacLrlty of' Graclrratc Strrrl ics of'

tllc Linivcrsity ol'N{anitoba in ¡:artial fulfillnrent ol the requirements

o1- tlr.'de-qrcc ol'

MASTTR OF SCIENCE

o- l98l

Pclniission has Lrecn llrantr:cl to the LIIII{ARY OIr THE UNIVER-

SIT\' OF MANI'fOllA to lend or sell co¡rics of this thesis, to

thc \,n,'l'IONAL LIlllìAIìY OF CANADA to nricrofilnr this

thesis :rttl to lLìnrl or scll cctltics of'the filnl, and UNIVERSITY

N'll( lì()l:lLlvlS io ¡rtrblish ln abstract of thrs tllesis.

'f lrc r¡ Lr ihor rescrvcs othcr ptrblication rights, anå neither th.'

lllr'si:, ilo¡ cxtcnsive r'\tlit!'ts l'r'olll it ttray be ¡lri.rrtcd or othcr-

ri,isc l.e iriodrrcr'cl rvitlirlrrt lhc author's written penlissiou.



ABSTRACT

TABLE OF CONTENTS

Page

i

l-aa

iv

vi

ACKNOI^TLEDGEMENTS

LIST OF FIGI]RES

LIST OF TABLES

CHAPTER 1

INTRODUCTION

CHAPTER 2

REVIEI^] OF LITERATURE

2.L JERUSA],B,I ARTICHOKE (HELIANTHUS TUBEROSUS L.)

2.2 COMPOSITION OF JERUSALEM ARTICHOKE TUBERS

2.3 CARBOHYDRATES, INIILIN AND RELATED POLYFRUCTANS

2.3.L NATURX OF INI]LIN AND THE POLYFRUCTANS IN JERUSALEM
ARTICHOKE TIIBERS

2.3.2 EFFECTS OF AGRONOMIC FACTORS ON INULIN AND THE
POLYFRUCTANS OF JERUSAI,EM ARTICHOKE

2.3.3 EFFECTS OF STORAGE ON INI]LIN AND THE POLYFRUCTANS
OF JERUSAIIX'Í ARTICHOKE

2.4

2.5

USES OF JERUSALEM ARTICHOKE TUBERS

ENZYMES TNVOLVED IN POLYFRUCTAN METABOLISM TN JERUSALEM
ARTICHOKE TUBERS

2.5.T INTRODUCTION

2.5.2 ENZYME ACTIVITY IN THE
AND INULIN DURING TUBER

BIOSYNTHESIS OF POLYFRUCTANS

11

T2

13

L4

L4

FORMATION 15



TABLE OF CONTENTS

2.5.3 ENZYME ACTIVTTY DURTNG

2.5,4 ENZYI'ÍE ACTIVITY DTIRING

2.5.5 IMPORTANCE OF THE TUBER

QUALITY FOR PRODUCTION

2.6 ROLE OF SUCROSE IN POLYFRUCTAN

ENZYMES REGARDING TUBER
OF HIGH FRUCTOSE SYRUP L9

METABOLISM IN JERUSALEM

DOR}IANCY

SPROUTING

Page

L7

I9

28

2B

29

30

30

30

30

ARTICHOKE TUBERS

2.7 JERUSALEM ARTICHOKE INTILASES: PROPERTIES AND
CHARACTERISTICS

2I

22

CHAPTER 3

MATERIALS AND

3.1 JERUSAIEM

3.2 CHEMICALS

ARTICHOKE TUBERS

METHODS 24

24

L4

25

25

27

27

28

3.3 EXTR¿,CTION OF INULASES

3.4 ABRIDGED METHOD FOR ENZYME EXTRACT

3.5 CHROMATOGRAPIIY OF CRUDE EXTRACT ON

PREPARATION

DEAE CELLULOSE

3.6 PREPARATION OF SUBSTRJ.TE M

3.7 DETERMINATION OF FRUCTOSE/GLUCOSE RATIO IN POLYFRUCTANS
BY GAS CHROMATOGRAPITY

3.7.L HYDROLYSIS OF SUBSTRATE M AND INI]LIN

3.7.2 PREPARATION OF SYLYL DERIVATIVES

3.7 .3 GAS CHROMATOGRAPIIY

3.8 DETERMTNATION OF REDUCING SUGARS

3.8.1 TOTAL IIYDROLYSED REDUCING

3.8.2 FREE REDUCING SUGARS

SUGARS

3.8.3 STANDARD CURVE (FRUCTOSE)



3.9

3.10

3.11

TABLE OF CONTENTS

DETERMINATION OF AVERAGE MOLECULAR I.IEIGHTS OF SUBSTRATE M
AND INI]LIN

PROTEIN DETERMINATION

ASSAY PROCEDURES

3.11.1 INULASE ASSAY

3. 11. 2 IN\TERTASE ASSÀY

3.12 CHARACTERIZATION OF THE INULASES

3.L2.1 EFFECT OF TEMPERATI]RE ON ACTIVITY

3.12.2 EFFECT OF pH ON ACTIVITY

3.l2.3 DETERMINATION OF MICHAELIS CONSTANT

3.L2.4 SUCROSE INHIBITION

3.L2.5 EFFECTS OF METAL IONS

3.13 HEAT STABILITY OF THE INULASES

3.14 EFFECTS OF DRYING AND FREEZING OF TUBER MATERIAI ON
INULASE ACTIVITY

3.14.1 EFFECTS

3.T4.2 EFFECTS

3.15 SCREENING OF SIX

OF DRY]NG

INULASE ACTIVITY

Page

31

32

32

32

32

JJ

33

33

33

33

J.+

34

34

J4

35

35

OF FREEZING

STRAINS FOR

CHAPTER 4

RESULTS AND DISCUSSION

4.1 EXTRACTION AND SEPARAT]ON OF THE INULASES FROM JERUSALEM
ARTICHOKE TUBERS

36

36

4.2 SUBSTRJ,TES AND THE
(D.P.) oN TNULASE

INFLUENCE OF DEGREE OF POLYMERIZATION
ACTIVITY 39



TABLE OF CONTENTS

EFFECTS OF TBÍPERATURE ON INULASES

EFFECTS OF pH ON INULASES A AND B

AANDB

Page

39

42

42

50

50

56

56

67

61

64

4.3

4.4

4.s

4.6

4.7

4.8

4.9

4.10

EFFECTS OF SUBSTRATE CONCENTRATION ON THE I}ruLASES AND
THE DETERMINATTON OF MTCHAELIS CONSTANT (K*)

EFFECTS OF METAL IONS ON INULASES A AND B

SUCROSE INHIBITION OF INULASES A AND B

TEMPERATIIRE STABILITY OF INULASES A AND B

EVALUATION OF SIX JERUSALEM ARTICHOIG STRAINS FOR INULASE
ACTIVITY

INULASE
TUBERS

4.10.1

4.ro.2

ACTIVITY OF DRIED AND FROZEN JERUSALEM ARTICHOKE

INULASE ACTIVITY

INUI¿,SE ACTIVITY

DRIED TUBERS

FROZEN TUBERS

OF

OF

CHAPTER 5

CONCLUSION A}ID RECOMMENDATIONS

BIBLIOGRAPITY

66

69



-1-

ABSTRACT

The inulases (A and B) of Jerusalem Artichoke (Helianthus tuberosus L.)

are part of the erlzyl¡¡.e system involved wíth sugar transformation in this

p1ant. During storage of the Jerusalem Artichoke tuber, the inulases

break dor,¡n inulin (Degree of Polymerization - D.p. = 35) and other hígh

D.P. polyfruetans causing an íncrease in lower D.P. polyfruc¡ans and a

subsequent decrease in the fructose/glucose ratio. This effect of the

inulases on the tuber polyfructans during storage is undesirable in view

of producing high fructose syrup from stored tubers. In order to produce

high fructose syrup with the highest possible fructose content, poly-

fructans of the highest possible D.P. must be mainLained during storage,

consequently maintaining the highest possíble fructose/glucose ratio in

the tuber.

Investigation of factors which affect the inulases as they relate

to sËorage and processíng of the Jerusalem Artíchoke tuber was undertaken

by fírst, characterization of the enz]rmes, which showed. that r¿hen inulin

and Substrate M (D.P. = 17) (a standard mixture of olígosaccharídes pre-

pared from the Èubers) were used as substrates for the inulases, activity

was much higher with Substrate M. Inulases A and B differed slightly in

pH optima. The optimum for inulase A was pH5.0 r¿hile thaË for inulase B

was pH5.5. The enzymes also differed slightly in Ëemperature optima.

rnulases A and B had temperature optima at 3ooc. and 35oc. respectively.

However, these enz1rmes gave indications of also having high activity at

1ow temperatures. The Michaelis constants (**") for the enz)¡mes vTere

similari 7.3L mM Substrate M and 7.99 nM SubstraËe M for inulases A and B

respectively. The inhibition constants (Kr") for the enz)mes, with sucrose

as inhibitor' were 10.4 inM sucrose and 3.56 mM sucrose for inulases A and B
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respectively' indicating that inulase B r¿as more susceptible to sucrose

inhibitíon than r¿as inulase A. Several metal ions investigated had

neither ínhíbitory nor activation effects on the inulases. Energíes of

inactivation for the enzymes \¡rere calculat.ed from Arrhenius plots derived

from temperaÈure stability curves. The energies of inactivation for both

enz)lmes ¡+ere low. Inulase A requíred 158 kJ/no1e to be inactivated r¿hi1e

inulase B required 148 kJ/mole.

Secondr "practical'r' implications regarding the enz)¡mest activity

during storage and processing vrere considered. The effects of drying and

fteezíng on the inulases r¡/ere examined. Drying the tubers resulted in

very low residual activity while most of the activity of the inulases \¡ras

present after freezíng and thawing of the tubers. Six straíns of Jerusalem

Artichoke tubers vlere screened for inulase activity. It was found Èhat

significant differences in inulase actívity existed between differenË

strains gro!ùn, harvested and sÈored under the same conditions.
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INTRODUCTION

rn recent years, fructose in the form of hígh fructose corn syrups

has gained increased applícation as a sweetener in the food Índustry in

Canada and the United States of America. The mosE recent predíction of

USDA in 1980 índicat.ed that the use of high f ructose coïn syrups r¡ias to

increase continuously and that it r¿ould capture about one-third of the

s\¡/eetenermarket by the mid 19B0rs. At the present tíme, the beverage

industry is the largest user of high fructose syrups, however, many other

sectors of the food índustry (bakery, confectionery, processed. foods,

dairy products' etc.) are showing increased. demands for this product.

One major reason for this is that frucÈose is the sr^reetest naturally

occurring sugar. rt is 1.5 - 1.7 times s\^Teeter than sucrose. This

allows production of "light" or reduced-calorie foods (jans, salad dress-

itg, canned fruit, eËc.) since the required sweetness level can be

achieved with less sugar and therefore less calories.

High frucÈose corn syrups are derived from coïn sËarch by a high

Èechnology process which includes, among others, tr^ro enzymatic steps,

namely' enz)¡matic hydrolysis of starch and. isomerization of glucose to

fructose. This process yields a 42% fructose/58% glueose stream. This

represents the 427. syrup from vrhich Ëhe 55|l and 907" lnigln fructose syrups

are derived by fractionation and enríchmenÈ.

AlternaËe potential sources for the production of these high fructose

syrups are plant.s which contain fructofuranosides. Jerusalem Artíchoke

Ggt¡anÈgg tuberosus L.), chicory and dandelion are such plants.

Jerusalem Artichoke tubers contain inulin and related polyfrucËans

which upon hydrolysís could yield high fructose syrups. Fruct.ans are
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called inulin when Èheir degree of polynerization (D.p.) reaches 30-35.

This represents a fructose/glucose ratio of 29/r - 34/L. Hydrolysís of

inulín would therefore result in a more than 90% high fructose syrup

r^rhich would make t.he Jerusalem Artichoke potentially superioï to corn

for hígh fructose syrup productíon. Thís has stímulated renewed interest

in Jerusalem Artíchoke as a source of fructose. Research in recent years

has included investigatíons on agronomic aspects, stoïage and processing.

An imporËant aspect in view of fructose syrup prod.uction was that

changes in the carbohydrate fraction of JerusalemArtichoke tubers occurred

during storage and processing of Ëhe tubers. Jerusalsn Artichoke t,ubers

contain a wide range of fruetans from sucrose to inulin. During sËorage,

a decrease of the high nolecular fraction (inulín) and a concurrent in-
crease of the low molecular fraction has been observed. Thís resulted in

a decrease of Ëhe fructose/glucose ratio. changes duríng storage and

also during Processing were atÈributable to activity of enz¡rmes, in par-

tícular to enz¡nnes whichhydrolyse inulin. For maximal fructose production

it appears necessary to c.ontrol enzymat.ic acËivities during storage and

processing of the Èubers., Tor example, the aim of storage of tubers is

to obtain or maint.ain Èubers with a high fructose/glucose raËio because

such t,ubers woul-d yield syrups of a high fructose level . Information

about the tuber enz¡¡rnes involved r,¡Íth inulin metabolisn is therefore

required.

Reports in Ëhe literature indicated Ëhat there r^rere tr¡/o classes of

enz)¡mes of major ímport.ance. These were the Ëransferases which are in-

volved in inulin synthesis and Èhe.hydrolases, comprising the inulases

and ínvertase' which are involved in inulin breakdor,m. It has also been
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rePorËed (Edelman and Jefford, 7967) Ëhat the role of invertase in inulin

metabolísm r¡ras not. significant. It i-s the inulases therefore, which are

important in inulin breakdown during sËorage and processing of Jerusalem

ArÈichoke tubers. The goal of this study r^7as to generate j-nformation

on these enzyres and to estimate Èheir role in determining the fructose

levels in high fructose syrup produced from Jerusalem Artichoke tubers.

This was achieved through Èhe following objectives:

(1) the isolation of inulases A and B in l"lanitoba grorarn Jerusalem

ArËichoke tubers;

(2) the characterizatÍon of these enzymes;

(3) the investigatíon of the stabiliËy of these enzJ¡mes during

processing of the tubers; and

(4) the determination of the variability of inulase activity in

new varieties generated from the breeding program at the Canada

DepartmenÈ of Agriculture Research SÈat,ion, Morden, Manit,oba,
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REVIEI4T OF LITERATURE

2.L JERUSAIEM ARTICHOKE (HELIANTHUS TUBEROSUS L.)

The Jerusalem Artichoke is native to North America and grows well

in the Prairie Provinces of Canada. The plant grovrs to about six feet

tall, is upright and branches to varying degrees, depending on the variety.

Tuber shapes may vary from round, knobby clusters t,o 1ong, smooth single

tubers. The sizes also vary considerably. chubey and DorreL (L974)

found a range of tuber weíghts f.rom !2g in a Manitoba strain to 43Bg

ín a Russian strain. The Èuber may be either white or purple.

The growing period for Jerusalem Artichoke extends from early Spring

(May) to late Fa1l (October). Tuber formation is Ínitiared in the early

spring and the tuber is mature by late Fall. rnulin and íts related

polyfructans are synthesized from sucrose and fructose during this period.

The tubers mature and can, under Prairie condit,íons, be harvested. by the

end of September or left ín the ground. Once harvested and in storage,

or if left in the ground, the tubers enter a sËate of dormancy whích

lasts until the end of AprÍl. rn early spring, sprouting is initíaËed

and a new plant results.

The yield potential of Jerusalem Artichoke is very encouraging when

compared to corn and sugar beet, as is evident, from the data in Table 1.

Jerusalem Artichoke has a mean yield of 4650 lb/acre (Table 1) compared

with 3317 lb/acre and 4330 lb/acre for corn and sugar beets respectively.

There are many different sÈrains of Jerusalern ArËichokes and Ëhey differ

in yierd as well as frucËose/glucose ratio. chubey and DorreL (r97h)

found, using various sËrains of Jerusalem Artichokes, a wide range of

yíelds from 1600 Ib/acre to 13r600 lb/acre. Therefore, Jerusalem Artichoke,



TABLE 1

Country

JERUSAIEM ARTICHOKE TUBERS

Canada
USA
NeEherlands
France
Germany
USSR

CORN KERNELS

Canada
USA

SUGAR BEETS

Canada
USSR

-5-

CARBOIITDRATE YIELD DATA FOR

JERUSALEM ARITCHOKE, CORN AND SUGAR BEET

Carbohydrate Yíe1d (lbs/acre)

1600 - 13600
3430 - 6400
3200 - 5400; 6480
2180 - 6800
1080 - 2870
I42s - 2140; 8500*

Mean Value - 4650

Mean Value - 3317

3240 - 3700
3010

4390 - 5900
2700

Mean Value - 4330

* Sunflower - Artichoke hybríd

Taken From¡ Flerning and Grootwassínk, 1978
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having the highest yield of carbohydrate, is the best potential source

of fructose and high fructose syrup when compared to corn and sugar beets.

Jerusalem Artichoke does noË require a high level of management Ëo

reaLize a high yield of carbohydrate (Dorrel and chubey, L977). High

yíelding strains are readily available and f.erxiLizer has little effect

on carbohydraËe yield in non-sEress situations. Harvesting of Èhe Ëubers

is similar to that of potatoes and should be simple to implement using

slightly modífíed poraro equipment. Dorrel and chubey (Lg77), however,

found that harvesË date was the only managenent aspect r¿hich should be

gíven special aËtention íf the highest possible fructose content is to

be realized. They found that delaying the harvest date betv¡een 17th September

a¡d 29t]n October caused a reduction in the fructose concentration.

2.2 COMPOSITION OF JERUSALEM ARTICHOKE TUBERS

The composition of the Jerusalem Artíchoke tuber has not been

thoroughly elucídated. Except for the proximate analyses shown in

Table 2' lÍÈË1e detailed infor¡nation is available. The tuber ís about

B0Z waÈer with a carbohydrate content ranging from 68.4 - 83.Li| of the

tuber dry weight (Fleming and Grootwassink, I978), most of the carbohyd.rate

being inulín and Íts related polyfructans. Henícellulose and cellulose

make up 3L.!% of the tuber dry weight (Fleming and Grootwassink, 1978),

while nitrogen constitutes 1.45 - I.557., only 507" of which is protein

related. The ash component in the Ëuber makes up 4.7% of the dry weight

(Fleming and Grootwassink, 1978). This includes the mineral nutrienËs5

phosphorus, O.39%; calcium, 0.07"Å and íron, O.OL7Z on a dry weight basis.

The iron content of the tuber (0.0177.) is unusually high for a vegetable,

when compared with the iron content of raw pot.ato (.003"/") and raw green



TABLE 2

-7 -

PROXT}IATE COMPOSITION OF

JERUSAIH'Í ARTTCHOKE TUBERS

Composition

Fresh I{t. Z Dry rÃt. 7"

I,trater 80

Carbohydrate I5.2 - 28.8 68.4 - 83.1

Lipid .1 .5

Nitrogen .29 - .31 1.45 - 1.55

Ash 1.1 4.7

Ce1luIose

and Hemicellulose 2.62 13.1
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peas (.00957. dry weighr) (watr and Merrill, 1975). The Jerusalen

Artíchoke tuber could be of some nutritional importance ín terms of its
high iron content,. The lipid constituent in the tuber is 0. 5% of ttre

dry weight (trr7att and Merril1, I975). This fraction has not been studied

much however, and little is knor,rn about it. Several phenolíc compound.s

have been report.ed present ín the Jerusalem Artichoke Èuber. paupardin

(1965)i¿entifíed p-hydroxybenzoic, chlorogenic, vanillic, genteric,

p-coumaric, caffeic and ferulic acids ín the tuber. These compound.s

may be of conc.ern in view of processing of the tubers for high fructose

syrup since phenolics are often involved ín the formation of undesirable

dark-coloured pígments.

2.3 CARBOITYDRATES, INULIN AND RF.T.41¡¡ POLYFRUCTANS

2.3.I NATI]RE OF-INUL]N AND THE ?OLYFRUCTANS TN JERUSALEM ARTICHOKE TUBERS

The carbohydrate fraction of the Jerusalern Artichoke tubers ís of

major ssn¡ms¡si¿l importance and ís also best investigated. Inulín and

its related polyfrucËans make up mosÈ of thÍs fract.ion. The nature of

this fraction determines the fructose/glucose ratio which is of parÈicular

imporÈance in Èhe producÈion of high fructose syrup.

Inulin was firsË descríbed, from studies on it.s st.ructure (McDonald,

1946), as Ëhe polyfrucran having a degree of polynerizarion (D.p.) of 35,

a rather arbítrary number. Sínce then, inulin has been generally descríbed

as the polyfructans having D.P.s between 30 - 35. However, com¡¡on usage

now allows reference to all hígher D.P. fractions as inulin since Edelman

and Jefford (L964), using paper chromaËography, showed tlnat 95% of the

content of conrnercíal inulin had D.p.s between 20 - 30. Edelman and

Jefford ÎgOl) also demonstrated, using extend.ed developmenÈ techniques,
that the higher limits of this series may considerably exceed. D.p. 35.
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In Jerusalen Artichoke tubers there is a homologous series of

polyfructans ranging from D.P. 2 to about D.p. 35. As the structure in
Figure 1 shows, each polyfrucËan has the general formula, Glc-Fru-Frurrr

r¡here Glc-Fru (m) represents a termínal sucrosyl group and (n) can be

any number from 1 up to about 35 (Edelman and Jefford., 1963). Average

chain length for a population can be d.etermined by observing the

fructose/glucose ratio. A molecule population with a high fructose/glucose

ratio would have a high average chain length (high inulin content) and

vice versa. A high fructose/glucose ratio is very important in the

production of high frucËose syrup; the higher the raËio, the higher the

percentage of fructose in the producË.

The conformation of the inulín molecule was first ínvestigated in

L964 by Phelps. using sedímentaËion, viscomeLry and gel filtration,
among other techniques, he determined that the molecule was in the form

of a helj-x with four residues per turn of the helix. Each turn vras L2 A"

in both length and diameter. Later, Middleton (1976), calculated the

molecular dimensions of inulin from physiochernical data obtained from

the literature. He suggested that Ít was not possible to have a helix
with exacÈly four uniÈs per turn. Such a situation, he observed, would

resulÈ in st.eric repulsion of the end uníÈs in the turn. rnstead, he

suggested that there \¡rere 3.9 units per turn wiÈh a length of.22.5 Ao

and diameËer of 15 Ao. MiddleËon (L976) also observed. rhat a slighr
decrease in bond angle from the centre of the helix to its extremiËies

could bring the last two adjacent turns int.o contacÈ \^rith each o¡her,

Èhereby'liniting the helix to a certain number of fructofuranose units
(30 - 35). MarchessaulË et al (1980), using X-ray diffraction rechniques,

confirmed Èhe exisÈence of inulín in helical form, as suggested by phelps

(1964) and ìfíddleton (1976).
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The content of i-nulín and related polyfructans in Jerusalem

Artichokes changes during the life cycle of the tuber. These changes

affect. the frucÈose content in the tuber and, consequently, iÈs pot.ential

as a souïce of hígh fructose syrup. During storage (dorrnant tubers),

ínulín and rel-ated polyfruct,ans are degraded to lower D.P. olygosaccarídes,

thereby red.ucíng the fructose/glucose ratio and the fructose content of

the tuber. Therefore, it is of great. importance to elucidate the role

of agronomic practíces and storage on these changes. In the following

paragraphs these tr,ro aspects will be discussed.

2.3.2 EFFECTS OF AGRONOMIC FACTORS ON INULIN AND THE POLYFRUCTANS OF

JERUSAIEM ARTICHOKE

In paragraph 2.1 it was poinËed out Ëhat varietíes differ ín terms

of Èotal sugar content. as well as in fructose/glucose ratio (Chubey and

Dorrel, r974). FurËhermore, Dorrel and chubey (1977> observed thaË

regardless of cultivar, the total fructose concentration declined with

delay in harvest. The decrease T/üas accompanied by an increase in the

proportion of glucose; probably due to the interconversion of fructose

Èo glucose and synthesis of sucrose that occurs during the growth and

maturation processes. These workers also found that supplemental

irrigation lowered the reducing sugar concentration. The reductíon was

previously observed byKiesselbachand Anderson (1929), who stated Èhat

íncreased tuber moisture played a part ín fructose concentration re-

duction. However, Dorrel and chubey (1977) pointed ouË that supple-

mental irrigation reduced stress during critical periods, thereby delaying

the need for the formation of carbohydrate reserve.
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In tenus of agronomic considerat,ions, a tuber with high sugar con-

tenË and hígh fructose/glucose raËio could be realized by: (í) selecting

a variety with the desired qualitíes, (ii) by paying particular

attention to harvest date, and (iíí) by not employing supplemenÈal

irrÍgation.

2.3.3 EFFECTS OF STORAGE ON INIILIN AND THE POLYFRUCTANS OF JERUSALEM

ARTICHOKE

The Jerusalem Artíchoke tuber must be stored if iË is to be used

for high fructose syïup production yeaï round. Cold storage is the only

stoïage format for Jerusalem Artichoke tubers that has been invesËÍgated

extensively. Ideal storage conditions riüere found to be between october

and April at 3 + 1oC and. 95lZ relatíve hunidity. Under an."" conditions,

Èhe carbohydrate composition undergoes significant changes. In general,

the average chain length of the polyfructans decrease. The polyfructans

of hÍgher D.P. are hydrolysed giving a corresponding increase in the

soluble, lower D.P. sugars, wíthouÈ a significant net l-oss in the total
carbohydrate contenÈ (Rutherford and Fl-ood., L97O; Rutherford and trrleston,

1967; Edelman and Jefford, Lg64). Breakdown of the high D.p. polyfructans

is accompanied by a marked reduction in the fructose/glucose ratio. Hoehn

(1978) found a 20"Å reducËion in the fructose/glucose ratio. Chubey and

Dorrel (L972, J-974) found a decrease in fructose concentration accompanied

by an increase in the proportion of glucose. Flerning and Grootwassink

(1978) observed that there \¡ras a s1íght loss in total reducing sugar

during cold storage. However, this sna1l loss could not accounË for the

signifieant change in the fructose/glucose ratio which has been observed.
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Edelman and Jefford (l-963), observed that storage at 2"C result,ed

in an accelerated decrease in the average chain length of the poly-

fructans in the tuber as compared to storage at zo"c where Ëhe rate

of polyfructan breakdor,m ís slower (Rutherford and. Weston, L967; Edelman

and Jefford, 1963). AË this temperatuïe, however mierobial breakdoum

of the tuber tíssue occurs rapidly. It has also been observed that the

degradaÈíon of Èhe high D.P. polyfructans duríng cold. storage ís fasÈer

duríng the early stages of storage (5-6 weeks) after which the rate of

degradation slor¡s dornm considerably (RuËherford and üleston, Lg67). This

difference may be as a result of Ëhe disappearance of the enzlnne

sucrose-sucrose 1 - fructosyl transferase (SST) aË the onseË of d.ormancy,

as mentioned in paragraph 2.5.2. The most satisfactory storage tempeïa-

tures have been reported t,o be between 0o and 4oC (?ilnik and Vervelde,

1976). Hoehn (1978) found thaÈ 3 + 1oC arrd 957. relative hurnídíry pro-

vided the best conditions for storage.

The general trend towards a reduction in the fructose/glueose raÈio

during cold st,orage can be minimized by storing the tubers under ideal

conditions as mentioned previously. Hovrever, other storage formats like
dehydration and freezlng may also minimize carbohydrate degradation in
the Jerusalem Artíchoke tuber.

2.4 USES OF JERUSALEM ARTICHOKE TUBERS

The Jerusalem Artichoke Èuber is used as a fresh vegeÈable but only

on a small scale. Flour derived from the tuber has been used to supple-

ment wheat flour in the manufacture of pasta products. rndustrial

alcohol has been produeed from Jerusalem Artichoke tubers whose high

yield and high sugar content makes it ideal for Ëhis purpose. However,
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a Promísing use of the Jerusalem Artichoke tuber may be the productíon

of high fructose syrup. The latter has been investigat.ed ín some r¡ray

as far back as 1937. underkofler er al (Lg37) grew and invesrigated

Jerusalem Artichoke in the u.s.A. rn Japan, yamazaki (1954) proposed

a cornmercial proeess for producing high fructose syrup from Jerusalem

Artichoke. More recently, Dorrer and chubey (Lg72); Fleming and

Grootwassink (1978) and Hoehn (1978) have al1 invesrígaËed Jerusalem

Artichoke.

2.5 ENZYMES INVOL-VE! IN POLYFRqCTAN METASOLISM IN JERUSAIEM ARTICHOKE TUBERS

2.5.L INTRODUCTION

The chemical changes which occur during Ëuber formatj-on, dormancy

and sproutíng in the Jerusalem Artíchoke tuber are the result, of activity
by several enzymes present ín the Ëuber. These enz]¡mes caËalyse the

synthesis of polyfructans and inulin duríng tuber formation; the breakd.oum

of high D.P. polyfructans and inulin to lower D.p. fractions durÍng

dormancy (storage) and the total degradation of the polyfructans and

ínuLin to fructose and glucose durÍng sprouting.

However, the fructose conÈerit in the Èuber determínes the quality

of the high fructose syrup produced from them. Production of high fructose
syrups with a maximal level of fructose relies therefore on the conÈrol

of these enz)¡Tes, in particular during sÈorage and processing of Ëhe

tubers.
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2.5.2 ENZYME ACTTVTTY rN THE BTOSINTHESTS OF POLYFRUCTANS AND TNULTN

DURING TUBER FOR}.ÍATION

Synthesis of the polyfrucÈans and inulin from sucrose takes place

during tuber formation and seems Ëo be most pronounced to\,rard.s the end

of the growíng season- An overall scheme of the synthesis as proposed

by Edelman and Jefford (1967) ís presenred in Figure 2.

Polyfruetan and inulín syntheses are initiated by the formation of
the trísaccharide lF-frucÈosylsucrose from sucrose. lF-fruct.osylsucrose

is the prÍmary donor molecule for the transfeï of fructosyl moieties.

This'transfer acËivity is catalysed by two distinct transferases;

sucrose-sucrose 1 - fructosyl transferase (SSf¡ [Scott, Jefford and

Edelman, 19661 and B(2-Lr) frucËan 1-fructosyl rransferase (FFT)

[Edelnan and Díckerson, 1966]. ssT forms the trisaccharide lF-fructosyl-
sucrose from sucrose by the reaction; G-FI€-F+G-F-F+G. ssr shows high

specificity for sucrose, having 1ittle or no activity against. the

trisaccharide as donor or wíth glucose as acceptor; thus its action is
essentÍally irreversible (Edelman and Jefford., 1967). The enz¡rme does

not promote polymerízation above the trisaceharide level as the tri-
saccharide and higher pol¡rmers are practically inactive as acceptors

for further transfer (scott, 196g). Further polymerization of the

trisaccharide to higher D.p. fructans is catalysed by FFT. This enzyme

is highly specific for the transfer of single rerminal B(Z-1r) linked
fructofuranosyl residues to the same position on other molecules as

shov¡n by the equaríon: G-F-F'+G-F-F, t' G-F_I'_1JC_F_F'+'

(Edelman and Jefford, 1967). 'ssr' is active in the cytoplasm of the

tuber cel1 where i-t catalyses the formation of lF-frucËosylsucrose
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rereasing glucose in the process (Figure 2). Glucose produced. is con-

verted to sucrose by the IJDPG pathway in the cytoplasm. sucrose is
translocated from the cytoplasm to the vacuole; the site of frucÊan

synthesis. The terminal frucËosyl group of the trisaccharide is Ërans-

ferred to a sucrose molecule in the vacuole by FFT situated aÈ the tonoplast.

Further transfer of terminal fructosyl groups from Èrisaccharide molecules

to the growing chain takes place until chain terminatiori occurs to give

an rinulinr molecule (Edelman and Jefford, Lg67).

2.5.3

During cold storage, Ëhe tuber remains in a dormant st,at.e.

significant catabolic activiÈy resulËs in important changes in

frucËans. These changes determine Ëhe fructose content of Ëhe

tubers by lowering the average D.p. of the polyfructans and the

glucose ratío.

However,

the poly-

stored

fructose/

The active enz)¡mes during thís períod are FFT and the hydrolases;

inulase A and inulase B. ssT disappears during the initial stages of

dormancy resulting in the loss of the Èrisaceharide lF-fructosyl sucrose

whích is probably related to the high rate of polyfructan degradatíon

during this períod as mentioned in paragraph 2.3.3. FFT transferes

fructosyl groups among the chain ends ín the vacuole. At the same tÍme,

ínulases A and B hydrolyse frucËose from the polyfïuctans, liberaÈing

free frucÈose which is converted to sucïose by the UDPG pathway (Edelman

and Jefford, L967). This resulÈs in a reduction in the average chain

length of the polyfructans and a concurrent reduction ín Èhe fructose/glucose

ratio wíÈhout a net change in the carbohydraËe content.
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The action of FFT during storage (dormancy) does not seem to affect

the fructose/glucose ratio ín the Èubers in a significant way. on the

oÈher hand, Èhe reduction in the fructose/glucose ratio is directly re-
lated to Èhe actíons of the inulases. Therefore, the control of these

enzy:mes is ímportant Ín maintaíning a hígh fructose/glucose ratio during

cold storage. Sucrose, ín high enough concentration at the reaeÈion site,
inhÍbíts the inulases. Lorir temperature and high hunidity also seem to

lirnit polyfructan breakdown, probabty as a result of direct action on

the enzymes and/or the polyfructans, or some other factor. rt is also

possíble that reduction in the fructose/glucose ratio might also be

urinimized if the conversion of free frucËose to glucose and. sucrose is
prevented by blockíng the iIDpG pathway.

2.5.4 ENZYME ACT]VITY DURING SPROUTING

lrrhen sprouting occurs, the polyf ructaris are consr:med. in supporting

the growth of the new plant. The hydrolases (Inulases A and B) convert

the polyfructans to fructose and sucrose (Figure 3). The fructose and

sucrose move into the cyt.oplasm where fructose ís converted to sucrose

by the IIDPG pathway and sucrose is translocated. from Ëhe cell (Ede¡nan

and Jefford, L967).

2.5 .5

SST' FFT and the inulases are the enz¡rmes which control the synthesís

and breakdovm of the polyfructans in Jerusalem ArËichoke tubers. The

presence of inulín and other high D.p. polyfructans in the tubers is
as a result of ssr and FFT activity. This activity seems to vary among

IMPORTANCE OF THE TUBER ENZYMES REGARDING

PRODUCTION OF HIGH FRUCTOSE SYRUP
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strains resulting in variations in sugaï content among tubers of

dÍfferent varietíes. It is ímportant therefore, to select sÈrains with

high SST and FFT activiÈies and high sugar content, for the processing

of hígh fructose syrup. Another tuber characteristic whích can determine

Ëuber quality and hence iÈs selection for hígh fructose syrup processing

is inulase acÈivity. Once under cold st.orage, Ëhe polyfructans in Èhe

tuber are subjecÈ to breakdown by the ínulases; lowering the fructose/

glucose ratio. This can be controlled to some extent by selection of

tuber strains with low inulase activity and by storage und.er conditions

previously mentioned.

AparÈ from these rnajor enzJ¡mes, the Jerusalem ArÈichoke tuber con-

tains invertases which are presenË in the tuber throughout its life
cycle- The effects of these enzymes are relatively small compared to

those of the major enz)¡mes. Edelman and Jefford (Lg67) stated that

invertases are present in intacÈ Jerusalem Artichoke tubers only in small

amounts and show highest acÈÍvity when degradation of the polyfrucËans

to monomers proceedsvery rapidly during sprouting. InverÈase degrades

sucrose, therefore, ít. may ínterfere with the productíon of sucrose

Ëhrough Èhe IIDPG pathr,ray by breaking down the sucrose produced, thereby

reducing the amount, of sucrose available for polyfructan synthesis. By

degrading sucrose, invertase may also reduce direct Ínhibition of the

inulases by sucrose, resulting in higher polyfructan breakdov¡n. rt is
desirable therefore, to also select a tuber strain wiËh the lowest possible

invertase actívity, for high fructose syrup production.

SST' FFT and the invertases determine the sugar content in a Ëuber

during the growth and maturation stages. These enz¡¡mes are not signifi-
cantly affecËed by normal external factors during these periods and their
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acËivlties are of little importance in terms of potyfructan breakdown

during storage. During cold storage, the inulases degrade the poly-

fructans. Thís action, and the fact that it can be conËro11ed by simple

management practices, makes the i.nulases the key enzymes in the system

wÍth regard to maíntaining a high fructose contenÈ in the tuber for
high fructose syrup production.

2.6 ROLE OF SUCROSE IN POLYFRUCTAN METABOLISM IN JERUSAIM4 ARTICHOKE TUBERS

Sucrose acÈs as a control point for polyfructan deposition during

Èuber formation, for conversion of high D.p. polyfructans to lower D.p.

polyfructans during cold st.orage and for polyfructan degradation and trans-

Port as sucrose during sprouting. Edelman and Jefford (1967) observed

that during tuber growth, polyfructan synËhesís is iniËiated by the

translocation of sucrose and formation of the trisaccharide, lF-fructosyl-
sucrose from sucrose. Depolymerízation of the polyfructans to sucrose

during sprouËing of the tubers results in sucrose being translocated. from

the tuber cell to support growth. Edelman and Jefford (1967) also found

that sucrose can control the D.P. of fructans to some extent during

polymerization. tr'lhen the trisaccharide, 1F-f.,rctosylsucrose acted as

both donor and acceptor during polyfructan synthesÍs, the sucrose liberated

accepted free fructosyl residues more readily than did the trisaccharide.

The sucrose competed successfully with the trísaccharide, reformíng the

substrate, thereby affecting Èhe length and number of fructosyl chai-ns.

Sucrose can also inhibit depolymerízation of the polyfructans by direct
action on inulases A and B, being more affective against inulase B.

The terminal suerose moiety on Èhe fructan chain also plays a major part

Ín the raËe of attack by the ínulases on the lower members of the
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polyfrucÈan series. Edelman and Jefford (L964) observed thar acriviry
increased markedly rrrith increasing D.P. Howeverrabove D.p. B, this

effect disappeared. Probably, at this chain length, the sucrose moÍety

\iüas too remoÈe to be effective.

2,7 JERUSAIEM ARTICHOKE INULASES: PROPERTIES AND CHAnACTSRISTICS

Since the inulases are the key enzJ¡mes in the Jerusalem Artichoke

Èuber in terms of producing high fructose syrup, generating detailed

information about. Ëhe enz¡rmes is imporÈant in undersËanding them. Edelman

and Jefford (1963,L964) ísolared the inulases by precípirarion wíth

(NH4)2504 follor¿ed by purification and separation on DEAE cel1u1ose.

Detect.ion of enzyme act.ivity was through the liberation of fructose

measured by Èhe increase of total reducing sugar, using the method of

Somogyí (1951), as descríbed by Ashwell (1957). The mode of acrion

of inulases A and B is thought to be by exo-attack from Èhe non-reducing

end of the B-D-fructofuranosíde. Edelman and Jefford (L964) demonsÈrated

that a mult.ichain mechanism r^ras operating, where the enzyme at,Ëacks the

end of various polymer chains at the same Ëime in a completely randorn

fashion, removing single fructosyl residues. These workers also found

that Inulase A attacked subsËraÈes of lower D.P. fasÈer than did Inulase B.

The optínum chain lengËh for Inulase A was D.P. 5 while Èhat for Inulase B

was D.P. 6-8. Míchaelis constants (t<m) measured for inulin and
I'-,

1'-fructosylsucrose r,/ere 3.3 x 10-' M while that for inulopentose was
_t

2-2 x 10 ' M. The optimum temperature for Inulase A was 30oC and that

for Inulase B was 35oC. Edelman and Jefford (L964) found that Inulase B

r¡ras more labi1e at high temperatures than was Inulase A. Optimurn pH for
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Inulases A and B r,¡ere pH 5.0 and pH 5.5, respectively. Edelman and Jefford

(L962) found that both enz)¡mes were stable at pH 5.0 for long periods

at room temperaËure and -25oC. Sucrose, lF-fructosylsucrose, raffínose

and methylfrucËoside inhibit Ëhe inulases (Edelrnan and. Jefford., Lg64).

Sucrose inhibited Inulase B about. three tÍmes as much as it inhibited

Inul-ase A. The ínhibitíon is non-compeÈitive, suggesting thaÈ the site
on the enz]¡me' sensitive Èo sucrose inhibiÈion, is different from t,he

actíve site.
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MATERIALS AND METHODS

3.1 JERUSALM4 ARTICHOKE TUBERS

Jerusalem Artichoke tubers, Helíanthus tuberosus L., were provided

by Dr. B. B. Chubey, Canada Department of Agrículture Research Stat.ion,

Morden, Manitoba. The Ëubers (crop years rg7ï, L979 anð,19g0) r¿ere

harvesËed in October and stored in plastic bags under refrigeration at

2 - 4"C. from October to April. The tubers remained ín the dormant

state duríng this period.

Characterization of the inulases was perfonned on tubers of the

Manitoba strain lll'16. Variabilíty of ínulase activity r¿as ínvestigated

on six new strains; NC10 16, NCL022, Ncl028, Ncl031, Nc1039 and

NC 10 40, generated by the breeding program at the Morden Research Station.

3.2 CIIEMICALS

Inulin (deríved from chicory) was obtained from Fisher Scient,ific

Co., New Jersey. ReagenË grade cysteine and diethyldithiocaïbamate

were also purchased fron Fisher Scíentific Co. Crystalline bovíne

serum albumin, analytical grade, was obtained from Sigma Chemícal Co.,

Missouri. DEAE cellulose (DE23) was obtained from whatman Ltd.
ttstoxtt oxime internal standard reagent (cont.aining 6 mg/m1

phenyl-B-D-glucopyranoside) and trimeÈhy1silylírnidaVoLe T¡rere purchased

from Pierce Chemical Co., Rockford, Illinois. All other chemicals and

reagents were of analytical grade.
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3.3 EXTRACTION OF INULASES

-

Inulase extracË r^7as prepared according to the method descríbed by

Rutherford et al (1969 ) and ís ourlíned in Fig. 4 (a). Tubers were

washed, peeled and sliced (thickness 3 mm t lrnm). Forty g of the sliced
tubers r,rere macerated in an Oster blender in Ëhe presence of. 25 ml of

a blending medir:m containíng 100 m["f phosphate buffer, pH7.6, 100 mM

cysteine and 100 nluf sodium diethyldithiocarbamate. The exËract was then

fíltered Ëhrough four thicknesses of muslín and the filtrate dialysed

overnight against 20 EI"f phosphate buffer, pH7.6, conËaining 5 nM cysteine

and 5 mM sodíum diethyldithiocarbamaÈe. The non-diffusable materÍa1 was

centrifuged at 25'000 x g for 20 minutes wíth a Sorvallsuperspeed RC2-B

centrífuge to remove ínsoluble residue. Prot.ein was precÍpitated frour

the supernatant by the careful addition of (NH4)2SOO to 95% saturation,

the pH being maintained at 7.6. After standing at 2"C.,16 hr. (overnight),

the precÍ-pitated protein rnras sepaïaÈed by centrifugation at 15r000 x g

for 30 minutes and then dissolved in 5 mM phosphate buffer, pH 7.6 . This

solution was dialysed overnight agaínst 5 nM phosphate buffer, pH7.6.

The non-díffusable material hras cenÈrifuged at 25,000 x g for 20 minutes

and the clear supernatant (25 m1) used for analysis. cenÈrifugaÈion

was at 0"C. All other operations r¡rere at 4 1 loc.

3.4 ABRIDGED METHOD FOR ENZYME EXTRACT PREPARATION

The method described by Rutherford et al (L969) was shorrened ro

allor¿ faster screeníng of Jerusalem Artichoke tubers for inulase acËivíty.

Fig. 4 (a) shor¿s the published merhod and Fig. 4 (b) shows rhe abridged

procedure. This proeedure r,ras used in the screening of new strains for
inulase activiÈy.
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ENZYME EXTRACT PREPARATIONFIG. 4

(a) (b) ABRIDGED METHODPUBLISHED METHOD
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)Cer^Er ífugation-25000 x g
Insolub1e/ lfor 20 mins. at OoC.
Residue Ø 

J,
SI]PERNATANT

| (NH4) S04 ' 95"/" saturation,
lpP-7.6 , 2"C., overnight.
J

MIXTURE

LÀC entríf ugarion-l5 000 x g
Supernatànt lfor 30 mins., 0"C.

J
PROTEIN

[Dissolve in 5rnM p04

lbuffer, pH7.6 , 2"C.
J

PROTEIN SOLUTION

¡Dialysis againsr 5nM p04

lbuf fer , pH7 .6 (200 ml),
|'2"C., overnight.
t.

MIXTURE

,--lCentrifugation at 25000 x g
Residuè lfor 20 mins. , .OoC.

J
CLEAR SI]PERNATANT

ENZYME EXTRACT

4Og FRESH SLICED TUBERS

I Maceration in lO0rnl"f
I cysteine + 100 mM

I s¡tco pH7.6 , 2"c.
,t

EXTRACT
I Filrration
J

JUICE
I

I

I

I

I

ü

I (NIr¿) S0¿ , 957" saturarion,
lpHT',6, 2"C., 2 hours.
J

I'TÏXTURE

I Centrifugarion-15000 x g
I for 30 mins., 0"C.
J

PROTEIN

lDissolve in 5urM P04

f buf f er , pH7 .6 , 2"C.
J

PROTEIN SOLUTION

lÐialysis against 5nM

leO4 Uuf f er, pH 7. 6 (200 rnl),
I 2"C. , overnight.
J

}IIXTURE

I Centrifugation at 25000
lx g for 20 mins., OoC.
+

CLEAR SUPERNATANT

ENZYME EXTRACT

'.ISDDC = sodir:m dieÈhyldithíocarbamate
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3.5 CHROMATOGRA?HY OF CRIJDE EXTRACT ON DEAE CELLULOSE

The crude extract r¡¡as passed through an ion exchange coft:mn to

effect. both purification of the extract and separation of inulases A

and B.

The procedure used was descríbed by Edelman and Jefford Ogø+).

A r g. column (95 nm x 11 run) of DEAE cellulose (DE23) was prepared

and an aliquot of protein solution containing 5 mg protein \¡ras placed

on the column and fraetíonat,ed by stepwise elution r,¡ith the eluant

systems shovrn in the following table.

TA3LE 3

Eluant No.

ELUANT SYSTEM FOR THE FRACTIONATION OF CRUDE EXTRACT

nM PO

5

20

50

50

50

50

M NaCl

0

0

0

.1

.2

.3

Volume

1

2

3

4

5

6

7.6

7.6

7.6

7.6

7.6

8.0

20

20

20

20

20

20

10 nl fractions of the column effluenÈ were collected automatically using

a LKB 7000 Ultarac Fraction Collector. Each fraction was assayed for

inulase and invertase activities.

3.6 PREPARATION OF SUBSTRATE M

A standard mixture of oligosac'chaiide (substrate M) was prepared

from Jerusalem Artichoke tubers according to the method described by

EdelmanandJefford (7964).250 g of peeled tubers were disintegrated in

an Oster blender r+iÈh 100 ml of 5 rnM sodir:m díethyldithiocarbamate.
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The homogenate was filt.ered through cheese cloth and boiled for four

minutes to deactivate enzJrmes. The resulting juice was then filtered

through a Whatman No. 4 filter whilehot. Fractional precipitation was

then carried out with ethanol. Three volumes of ethanol r¿ere added

Ëo the extract and the mixture was left at Zoc. overnight. The pre-

cipítate vras separated by centrifugation at 9000 g for 10 minutes. A

further 5 voh-rmes of ethanol was added to the supernatant and Èhe

mixture was allowed to stand overnight aL 2"c., after which Ëhe pre-

cipitate vüas separated by centrifugation at 9000 g for 10 minutes. The

precipitaËe $Ias dissolved in wat,er and B volumes of eùhanol was added.

The materíal which precipitated overnight at 2"C. was separaËed as before,

dissolved in water and made up Eo 50 ml. The solution ("substr¿te M")

contained 52.L mg/ml total reducing sugar.

3.7 DETERMINATION OF FRUCTOSE/GLUCOSE RATIO IN POLYFRUCTANS BY GAS

CHROMATOGRAP}IY

3.7.I IIYDROLYSIS OF IISUBSTRATEMI' AND TNULIN

A 25 url sample of "substrate Mrr or inulÍn (57.) was praced in an

Erlenmeyer flask and the pH was adjusted ro 1.5 wirh 2.5 N Hcl. The

flask was placed in a Þrater bath at 80oc. for one hour, after which

Ëhe contents \.rere cooled and adjust,ed to pH 5.6 r,¡ith 2.0 N NaoH.

3.7.2 PREPARATION OF SYLYL DERIVATIVES

The hydrolysed samples were freeze-dried and derivatives prepared

as follows:

10 - 15 rng of thefreeze-dríed sugar mixture were weighed into a 3.0

rnl Reacti-Vial . 1.0 ml .ttstox" oxime inËernal sËandard ïeagent was added
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to the sugar. The vial was then heated for 30 minutes at 75oC., forrning

the sugar oxímes. It r,ras then cooled to room temperature, af ter which

1.0 nl trimethylsilylinidazole was add.ed. The mixËure was capped,

shaken for 30 seconds and allowed to stand aÈ room temperature for 30

minutes allowing silylation of the oximes to the trimeËhylsilyl ethers

(Pierce Chemical- Co. ) .

3.7 .3 GAS CHROMATOGRAPITY

Separation of the fructose and glucose derivatives was carried out

on a Varían Model 3700 Gas Chromatograph equipped with a Varian Aerograph

Model 477 Tntegrator. The column characteristics and. operational

parameters for the chromatograph are gíven in the tables following.

TABLE 4

COLUMN CHARACTERISTICS

Length - 46 crn

Int. Diameter - 2. 0 urn

Support Material Chromosorb i^I-Hp (g0_l00)

Líquid Phase 3Z SP2100

TABLE 5 OPERATTONAL CHARACTERISTICS

Injector Temperature

Detector Temperature

Oven Temp. Progr¡m

Holding Time aÈ Final Temp. (350"C)

Carrier Gas (Nr) Flow Rate

300"c

- 3500c

- 6"C/rnin. from 110"C to 350"C

2 mins.

20 ml/nin.

?eaks representing glucose and fructose were quantified by comparison

wíth the internal standard phenyl-B-D-glucopyranoside.
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3.8 DETERMINAT]ON OF REDUCING SUGARS

3.8.1 TOTAL ITYDROLYSED REDUCING SUGARS

The total reducing sugar content of sugar samples, after total acid

hydrolysis of the samples, hras determíned as follor¡s.

The sample l¡ras diluted as necessary with vrater and then placed in

an Erlenmeyer fIask, afÈer which the pH was lowered to pH 1.5 by the

dropwise addition of 2.5 N HCl. The flask was then placed in a water

bath at 80oc for one hour. The contents were cooled and adjusted to

pH5.6 wit}:, 2.0 N Na 0H. Aliquots of the resulting mixrure \,rere then

analysed for reducing sugar by the method descríbed by Ashwell (1957)

using the standard curve described be1ow.

3.8.2 FREE REDUCING SUGARS

Free frucÈose and free glucose are responsible for the reducíng

po\¡lers in unhydrolysed sugar samples. Determination of thís reducing

sugar content r¡/as as follows.

The sample vras suiËably diluted with r¿ater and aliquots !ùere then

analysed by the meËhod described by Ashwell (1957) usíng rhe srandard

curve described below.

3.8.3 STANpARp CURVE (FRUCTOSE)

A standard curve for the determination of reducing sugar content

vüas prepared as described by Ashwell (1957). Fructose vras used as the

standard reducing sugar.

A seríes of fructose sugar solutions in the concentration range

0 - 350 uB/n1 were prepared. 1.0 ml of each solutíon was placed in a

Ëest Ëube and 1.0 nl of a mixtureofcopper Reagent A andcopperReagent B
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(25:1) was added. The contents were well mixed and Ëhe tubes placed in

a boiling bath for 20 minutes. The tubes vTere then rapidly cooled and

1.0 nl of arsenomolybdate reagent was added to each tube and mixed.

The conËent,s of each tube v¡as then diluted with water to 25.0 ml in a

voh:metríc flask and Èhe absorbance of the resulting blue solution was

determíned at 535 nm on a specËïometeï.

3.9 DETERMINATION OF THE AVERAGE MOLECULAR I{EIGHTS OF ''SUBSTRATE M''

AND INULIN

The average molecurar weight or degree of polymerization of poly-

fructans could be determj-ned from the fructose/glucose raËio. Each

inulin or polyfructân molecule contaíns n fructose molecules and one

terminal glucose molecule. complete hydrolysis of Èhe polyfructans

gives free fructose and glucose. The average D.P. is obtained from the

equation:

Average D.P. No. of fructose +1No. of glucose

The frucËose /glucose ratío for "Substrate Mil was L6/I. From the

equation, Average D.P. = + * I = 17 The Molecular I^Ieight of,

ttsubstrate M" was determined, to be 2756 (M.III. I'substrate M = M.I^I. FrucÈose

x 0.9 x 17). Total reducing sugars for "Subst.rate M" was determined to

be 52.1 ng/ml (g/t) by the Sonogyí method. The molarity of "Subsrrare M'l

could now be determined from the equation:

Molarity "substrate M" = -lolal Tedu=c=Tg= 
sug?r''S'bstrat"M.

Molecular l^leight "substrate Mil

an

ir

However, the total reducing sugar value for ttsubsËrate Mrr, measured

aqueous solution as free frucËose and glucose musE be adjusted if
must accurately represent the polyfructáns in ilsubstrate Mt. hrhen
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free fructose polymerize to form polyfructans, one \.rater molecule is

lost in order to accommodate bonding between the frucËose unitsr re-

sulting ín a I07" loss from the fructose molecule. This 10% reduct,ion

is reflecÈed ín the factor of 0.9. Therefore, the adjusÈed equation

would be:

Molarity of t'Substrate M" = 0.9 "

The rrolarity of "Substrate M" was 0.017 M.

3.10 PROTEIN DETERMINATION

Protein concenËration was determined by the rneÈhod of Lowry eÈ al,

1951. Crystalline bovine serum albumin served as the standard for the

construction of the calibraÈíon curve. The absorbance of the blue

solution was determined o.n a Bausch and Lomb SpecËronic 710 spectrometer.

3.11 ASSAY PROCEDURES

3.1]..1 TNULASE ASSAY

Dígests cont.ained 3.0 ml enz)rme extract, 2.0 ml substrate (10 nlf

rnulin or 17 mM "substraËe M") and 1.0 ml of 0.5 M acetate buffer, pH 5.0 .

Incubation ráras at 35"C. for four hours. Activity was deËermined by the

increase in reducing sugars in Ëhe digest, measured by the Somogyi

procedure as described by Ashwell (1957)(3.8). Uníts of inulase activity

ú/ere expressed as nkatals.

3.11.2 INVERTASE ASSAY

The procedure was identical to

except that 0.1 M sucrose was used

activity \ras expressed as nkatals.

tha.t for inulase activíty (3.11.1)

as substrate. UniËs of invertase
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3.L2 CHARACTERIZATION OF THE I}TULASES

3.L2.1 EFFECT OF TEMPEP.AT'IJRE ON ACTIVITY

The optÍrnum temperature of the enz)¡mes were deterrníned by íncubating

t.he crude enz)me extract, inulase A and ínurase B at 5, 15, 20r 25r 30,

35' 40, 45r 55, 60 and 65"c. for two hours at pH5.0 after which they

hrere assayed for activity.

3.L2.2 EFFECT OF pH 0N ACTIVITy

The optimum pH of the crude er.zgnle extract, inulase A and inulase B

were determined by íncubating each at pH 3, 4, 4.5r 5, 5.5, 6,7 and B.

Temperature r¡7as 35"C. and incubatÍon tÍrne was two hours. Each digest

was adjusted to pH5.0 before the somogyi sugar d.eterminations were

made. This was to prevenÈ erroneous results due to acid hydrolysis of

Ëhe substrate in Ëhe digests during Ëhe heating phase of the test.

3.L2.3 DETERMINATION OF }ÍICHAELIS CONSTANT

The ìfichaelis ConstanË (Kn) of inulase A and inulase B were established

by deterrninaÈion of their initial velocities at 1.7, 3.4r g.5 and 17 mlf

"Substrate M". A reciprocal plot of velocíty versus substrate concen-

tration was used to determine t.he I(m (Lineweaver and Burk, 1934).

3.L2.4 SUCROSE INHIBITION

The inhibition constant (I(i¡ for ínulase A and inulase B were d.e-

termined by incubating digests containing 3.4 nM and 17 rM I'SubstraËe M'r

¡'¡ith sucrose concenËrations of 2, 4r 8 and 20 nM. Incubation temperature

was 35oc. A1-iquots of the digests \,rere withdrawn at 5, 15, 30, 60 and 90

minute inÈervals and assayed for activity. The initial velocíties were
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determined and a plot. of. L/Y versus sucïose concentration was mad.e for

each subst.rate concentration accordíng Èo Dixon (1953) and Ëhe K.

determíned.

3.L2.5 EFFECTS OF METAL IONS

Investígations of inhibition or activation of j-nulase A and inulase

B by metal íons were done by incubatÍng the enzymes for four hours at

35"C. with varying concentrations (10, 20, 30, 40, 100 nM) of CaCLr,

KCL' Nacl' zncL, MesOo .7H20 and MnsOo.2Hz0. The digesrs were

then assayed for a decrease or increase in inulase activity. The

digests lrere compared against a control which contained no added meËal

ion.

3.13 HEAT STABILITY OF THE TNULASES

Heat stabilíty of the enzyme preparations r^reïe determíned by exposing

aliquots of each enz)¡me, aË pH5.0 and in the absence of substraÈe, to

40r 50 and 60"C. 3.0 ml aliquots \¡rere renoved at ten-minute intervals

and directly assayed for residual acÈiviÈy at 35"C. and pH 5.0 .

3.14 EFFECTS OF DRYING AND FREEZING OF TUBER MATERIAL ON INIILASE ACTIVITY

3.14.1 EFFECTS OF DRYING

Jerusalem Artichoke Ëubers were washed, peeled and cubed. Four (4)

40g samples \^rere weighed out in aluminum díshes and then dried in a

vacuum oven at 350c. and 700 mm Hg f.or 72 hours, to 3.gz moisture.

Enzyme extracts hrere prepared from the samples using 25 rnl blending

medium and 20 ml added \,rater to compensate for water lost during drying,

and then assayed for inulase activity.
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Sfunilarly, 2OOg of cubed tubers were dried in a fluidized bed drier
(Aeromatic 5T56) at 65"c. for eÍght hours, Èo 3.2% moisture. Four (4)

8g sanples r,lere extracted as described above and the enz)rme ext,racËs

assayed for inulase activiËy.

3.L4.2 EFFECTS OF FREEZING

Five lots of tubers, tr4ro of NÍll6 and three of NC 10 16, abouË 3O0g

each, were washed, dríed and sealed ín plasÊic bags. These were then

placed in a freezer at -40"c. for 48 hours, after r¿hich they were re-

moved and placed in a water bath for 2 r/z hours at 35oc. The tubers

were then peeled and enzyne extracts prepared. Each extract \¡ras assayed

for residual inulase acÈivity. Fresh tubers of both straíns were used.

as controls.

3.15 SCREENING 0F SIX (6) STRATNS FOR INULASE ACTIVITY

six straíns of Jerusalem ArtÍchoke tubers were used to prepare

inulase extracts using the abridged method mentioned in (3.+). Each

ext,ract was then assayed for inulase activity as ouÈlined in (3.11.1).
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RESTILTS AND DISCI]SSION

-

4,L EXTRACTION AND SEPARATION OF lHE INULASES FROM JERUSALEM ARTICHOKE

TUBERS

Crude enzJ¡me extract r¡ras prepared from Jerusalem Art.ichoke tubers;

Manítoba sËrain M/16, and i-ts inulase and invertase activity deterrnined.

The extract r¡/as then separated on a DEAE cellulose column as

il1usÈraËed in Figure 5. Inulase activity was found in fractions 4 to 7

(inulase A) and fracrions ro-Lz (inulase B) (Fig. 5). Borh showed

activity when inulin and Subst.rate M were used as substrates. There

was also slighË invertase activity in fractions 4 xo L2. However, iË was

evident only after prolonged incubation for 24 hours. The resolution

of the enzyme extract into inulase A and B (Fig. 5) was concordant with
findÍ-ngs reported by Edelman and Jefford (1964) who found two inulases

and an invertase whose activíËy slightly overlapped that of the inulases.

The specifíc enzSnae activity in the crud.e exËracÈ was 0.218 nkataLs/mg

proÈein while that for the separated and purifíed enzJ¡mes were 0.854

nkatals/mg and 0.918 nkatals/ng for inulases A and B respectivety

(ratte 6). This represents a 3.9 fold increase ín activity upon purifi-
caËion for inulase A and a 4.2 fold increase for inulase B. The ratio
of inulase A activiËy to inulase B activity üras 0.73. Edelman and

Jefford (1964) found al-so that inulase B was dominanÈ. However, their
data showed that the acÈivity ratio was dependent on the D.p. of the

substrate. It r,ras evident from Èheir results that the ratio of inulase

A to inulase B was 0.45 for (rF-fructosyl)3 sucrose (D.p.5) and 0.37

for ínulin (D.P.35). Hor¿ever, consÍdering substrate eff ect, t.here

appears to be a difference of activity ratio found in the Manítoba strain
M/16 and the sÈïain used by Edefunan and Jefford (1964).
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FIG. 5

SEPARATION OF INUI¿,SES A AND B BY lON EXCHANGE CHROMATOGRAPTIY

TNULASES O

INVERTASE A

f-A-] f- s-l

VOLUI'{E ELUATIT (m1)

-o--¿
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TABLE 6

INULASE AND INVERTASE ACTIVITY IN CRI]DE EXTRACT AND IN
INIJLASE A AND INULASE B PREPARATIONS

pRorErN Acrrvrry iËii+iiç RECovERy

(ne/e (nkat. /g (nkar. /ng (7")
dry tuber) dry tuber) prorein)

CRI]DE EXTRACT 1. 5

Inulase Activíty
Invertase AcÈivity

INI]LASE A

Invertase AcÈívity

.327

.0r7
.2L8 100

.0113

.135 .11s .854 35.2

.00336 .0249

INULASE B .T7L .L57 .918 48.0
InverÈase Aetivity .0106 .06L7
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4.2 SUBSTRATES AND T-I{E INFLUENCE OF DEGREE OF POLYI'{ERIZATION

ON INI]LASE ACTIVITY

comms¡s1.l inulin, with an average D.p. of 33 was initially used

as subsËrate for the inulases. However, the inulases from Manitoba

strain, l"1116, lnad very low activities when inulin was used. as a substrate.

Fractional precipit.ation of conmercial inulín soluEions with 952 ethanol

indicated that this preparation \¡ras almost voíd of lower D.P. fructans.

Substrate M was Ëhen prepared from Jerusalem ArËichoke tubers and used

as a subsÈrate. The average D.P. of Substrate M r,ras 17. The activitÍes
of the inulases with Substrate M as substrate were much higher than with

inulin. Substrate M was therefore used as inulase subst.rate for all
further study.

The differen.ce ín acÈiviËies betr¿een the substrates r¡ras not sur-

prisíng since Edelman and Jefford (1964) observed that the inulases in

Jerusalem ArËichoke tubers reaeted fasËer with fructans of lor¿er D.p.

They found an optimr:m D.P. of 5 for inulase A and a D.?. of 6-8 for

inulase B.

4.3 EFFECTS OF TEMPERATI]RE ON INIILASES A AND B

femperaÈure profiles of the crude extract, ínulase A and inulase B

indicate an optimum temperature range of 30"c to 35oc (Figures 6 and 7).

optimr:m temperature for inulase A was 30"c , inulase B v¡as 35oc and

thaË of the crude extract was 35"C. Inulase A had activity hígher than

852 within the temperature ïange of 20"c to 4ooc. rnulase B had a

narro\¡rer profÍle, with activities of 85% and higher occurring between

28"C and 38"C. Therefore, it seems thaÈ inulase A was less affected by

temperaÈure change than inulase B, within the temperature range investígated.
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FIG.6

TEMPERATURE) ON CRUDE INULASE EXTRACT

7007" = .2I9 nkat. /mg

30 40

TEMPERATIIRE ('C. )
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FIG. 7

OPT T]4I]M TEMPERATIIREOF TMIPERATIIRE

INULASE A - O

LOl% = 854 nkat./rng (Inulase A);

ON INULASES A AND B

INULASE B - A

. 918 nkat. /rng (Inulase B)

30 40

TEMPERATURE ('C.)
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Temperature effects on Èhe enzJ¡nes may be more complex than in-

dicated. Edelman and Jefford (1963) observed. that storage of tubers

at 20"C resulted ín less depolymer ization of the polyfructans than at

2"c. This suggested that the inulases were more acËive at 2"c Ëhan

they were aE 20"c. rn thís study, no investigations of the enzlrmes'

activities rrtere done at tenperatures below 5oC. However, Figures 6 and. 7

do shov¡ a marked upturn in the Ëemperature profiles at 5oc. This may

be inËerpreted as an upr^rard trend in the enzJrmes I activities at t.empera-

Ëures below 5"c and indicate thaË these enzJrmes may, in effect, have

fwo temperaËure optima.

4.4 EFFECTS OF pH ON INULASES A ANp B

The effects of pH on enz)¡me activiÈy are illustrated in Figures B

and 9. An optimum at pH5.O was found for Èhe crude exLract. Inulases

A and B had optima aÈ pH5.0 and pH5.5 respectively. This was in
agreeroenË with the optima for Ëhese enz)rmes reported by Edelman and.

Jefford (1964). Inulase A also had a broader profile and nÍghË be less

affected by pH changes berween pH4.5and pH7.0.

4.5 EFFECTS OF SUBSTR4.TE CONCENTRATION ON THE INI]LASES AND TIIE

DETERMINATION OF MICHAELIS CONSTANT (Krn)

In all cases, the effects of substrate concentration on enz)rme

activity \i7ere as expected. Plot.s of velocity versus substrate concen-

tration resulted in rectangular hyperbole as shornm in Figures 10 and 11.

Lineweaver-Burk plots gave straight 1ínes (Figures 12, 13 and 14) and,

the apparent Michaelís constants (I(m) were determined to be:

)

\.\
I

!.,

': Í -..
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FIG. B

EFFECT OF- pH (pH OPTIMIM) ON CRUDE INULASE EXTRACT

I00% = .223 tkat. /mg

pH
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FIG. 9

EFFECT OF pH (pH OPTII"IUM) ON INULASES A AND B

]NULASEA O INULASEB - A

IOO"Á = .866 nkar./rng (Inulase A); .9L2 nkat,/mg (Inulase B)

pH
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FIG. 10

EFFECT OF SUBSTRATE CONCENTRATION ON JERUSALEM ARTICHOKE ENZYME EXTRACT

L.2

1.0

.80

.60

VELOCITY

(nkat. )

.40

.20

1. 5 rng/rnl ProËein

6. B \0.2 13. 6

CONCENTRATTON (trùf SUBSTRATE M)

3.4 17.0
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FIG. 11

EFFECTS OF SUBSTRATE CONCENTRATION ON INULASES A AND B OFJERUSALEMARTICHOKN

o

.015

]NULASE A

mB/mL Protein

INULASE B

mg/m1 Protein

A

.019

VELOCITY

(nkat. )

.06

.02

3.4 6.8 ro.2 13. 6 L7.0

CONCENTRATION (mM SUBSTRATE M)
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FIG. 12

LINEI4TEAVER-BURT. PLOT OF THE EFFECT oF SUBSTRATE CONCENTRATION

(SUBSTRATE M) ON JERUSALEM ARTICHOKE ENZYME EXTRACT

1
v

r=

Km=

.488

oo7

r0.4

+ 33.' rål

t .35nM SubsËrate M

1
v

(nkat. -1)

'l 
-1

s
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FIG. 13

I,]NEI\TEAVER-BURK PLOT OF THE EFFECT OF SUBSTRATE CONCENTRATION

(SUBSTRATE M) ON JERUSAIEM ART]CHOKE INULASE A

I
v

r=

Kn=

9 .47

.999

7.3L

+ 404 èl
S

! .2L rnM Substrate M

I
v

nkat. -1)

.24

1 nü-l
S

.35
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FIG. 14

LINEI^IEAVER-BURK PLOT OF THE EFFECT OF SUBSTRATE CONCE}ITRATION

(SUBSTRATE M) ON JERUSAIEM ARTICHOKE INULASE B

f = a.oov

r = .999

I(m = 7 .99

"/'

1 -1-a=ÍiM-
S

-1)
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L0.4 !.35 nM Substrate M for the crude extract,7.3I ! .2I mM Substrate

M for inulase A and 7.99 ! .43 mM Substrate M for inulase B. Inulases

A and B vrere similar with respect to IGn. However, a signifícantly hígher

(p < .05) value of 10.4 t .35 ml"f Substrate M was found for the crude ex-

tract. This may be due to the presence in the crude extract of a com-

petitíve ínhibitor which is removed during the chromatographic process.

Edelman and Jefford (1964) reporËed a I(m value of 33 mM inulin and. 22 mNI

inulopentaose for inulase B but no data rÁiere reported for inulase A.

4.6 -EFFECTS OF METAL IONS ON INULASES A AND B

The enzlnnes (inulases A and B) were exposed to several compounds aÈ

varying concentratíons (3.I2.5) to determine the effects of the metal

ions on Ëhe activíty of the enzymes. There r^rere no significanË (p < .05)

activaËion or ínhibition effects on the enz]rmes by any of t,he metals

investigated (Table 7). This confirmed observations by Edelman and

Jefford (L964), who claimed that meÈals were not reguired and did not

inhibít the inulases. They came to Ëhese conclusions after dialysis,

which presumably removed metal ions from the enzyme preparations, but did

not result in changes ín activities of the inulases.

4.7 SUCROSE TNHIBITION OF INULASES A AND B

Dixon plots of sucrose ínhibition of inulase A, ínulase B and the

crude extract are presented in Figures 15, 16 and 17. Theapparentinhibitor

constant (K-) were determined directly from these plots; being the pointt_'

of ínËersection of the lines representing substrate concentrations of

3.4 flM and 17 nluf substrate M. The K. for Èhe crude extract vras

4-96 ! .040 nM sucrose; that for inulases A and B were 10.4 + .55 mM

sucrose and 3.56 t .095 nM sucrose' respecÈively. The lines inËersect on
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TABLE 7

EFFECTS OF METAL IONS ON THE INI]LASES

(a)

INULASE A

SPECIFIC ENZYME ACTIVITY

(nkat . /ne)

Ion 10 trM 20 nM 30 mM 4Onl'{ 100 toM

c"#
K+

Itg#
M'#

I

Na'

LÎI

.97 0

1. 00

L.02

.982

.968

.996

.954

.990

.996

.996

.990

.97 6

.962

.990

.996

.982

.982

1. 01

.982 .954

.954 .982

.996 .990

.982 .996

1.02 1. 00

.982 .968

None . 939 nkat. /rng

(þ)

INULASE B

SPECIFIC ENZYME ACTIVITY

(nkat./re)

20 îI"f 30 mM 40 mM 100 rDMIon 10 ¡n}'f

c"#
K+

t'lg#
Mn#

N"#
-#LTI

.932 .962

.990 .982

.982 .948

.934 .962

.990 .948

.982 .940

.982

.948

.982

.97 6

.968

.97 6

.954 .962

.954 .962

.962 .948

.968 .962

.968 .976

.948 .990

None .960 nkat./ng

Average of 3 Trials
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FIG. 15

DIXON PLOT OF THE EFFECT OF SUCROSE ON JERUSALEM ARTICHOKE ENZYI,ÍE EXTRACT

3.4 mM Substrate M

17 mM Substrate M
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Ki = 4.96 ! .040 nM
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Frc.16

DIXON PLOT OF TIIE EFFECT OF SUCROSE ON INULASE A
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FIG. 17

DTXON PLOT OF EFFECT OF SUCROSE ON INULASE B

3.4 nM Substrate M G

17 mM Substrate M A
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l-
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the abscissa, índicating non-competiËive inhibition by sucrose of the

inulases. The inhibitor constants are signíficantly dÍfferent (p < .05)

for the three preparations. The K. is three times lower for inulase B

than for inulase A. This suggesËed that inulase A T^ras moïe resistant to

sucrose ínhibitíon than ínulase B. Edelman and Jefford (7964) obtained.

K- values of. 2.0 - 5.0 nM sucrose with inulase B, using ínu1in as substrate.]-

However, RuËherford and l^Ieston (L967) found that t.he sucrose content ín

Èhe Ëuber varied between 1.OZ (29 ïnM) arLd.3.O"Á (BB nM) [fresh weight basis]

from Fall Èo Spring. This increase in sucrose content during the storage

period \¡ras concurrent. with the observed rapid rate of polyfructan break-

dov¡n duríng Ëhe first five weeks of storage and a subsequent leveling off

of hydrolysis. Thus, this seerns to índicate Lhat sucrose not only plays

a major role in polyfructan synthesis during the growth stage of Ëhe tuber

buË also inhibiÈs the inulases directly, conËrollíng polyfructan break-

down during cold st.orage. Consideríng the K. values obtaíned, both in

this study and by Edelnan and Jefford (1964), it would at first appear

that a 29 - 88 rnM sucrose content in the tuber duríng storage would

effectively inhibit the enz¡¡mes. However, previous observations showed

Ëhat this did not occur and the inulases were act.ive during cold storage.

Apparently' most. of the sucrose may not be inhibiting the enz)¡mes in the

vacuole, havi-ng been t.ranslocated frou Ëhe vacuole to the cytoplasm.

This would have to occur by an actíve transporÈ systen which would move

the sucrose out of the vacuole against a concentraÈion gradíenË. On the

other hand, activity of the inulases during storage, despite Ëhe apparently

high sucrose concent.ration present in Ëhe tuber, mây be a result of

differences ín the enzlmesf behaviour in vivo as opposed to their be-

haviour ín viÈro with respecË to sucrose ínhÍbítion. In vivo, the enzymes
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are imtobilized at. the tonoplasË ín the vacuole as opposed to being free

in solutÍon in vitro. This may result in a lowering of the enzymets

affíníty for its substrate in víÈro and an exaggeration of the effect

of sucrose as an inhibitor.

4.8 TEMPERATURE STABILITY OF INi]LASES A AND B

The temperature stabilities of inulases A and B were evaluated at

40r 50 and 60oc. as illustrated in Figures 18 and 19. From these graphs,

inulase A seems to be more stable then inulase B at 50 and 60oc. Rate

constanËs at these temperaËures (Table 8) were deríved from Èhe slopes

of the curves and then utílízed in Arrhenius plots (Figure 20). Energy

of inacËívation (Uirr) of the ínulases were then derived from the slopes

of the Arrhenius curves. Energy of ínactívatíon for inulase A was found

to be 158 kJ/nole while t,hat for inulase B was 148kJ/uro1e. The normal

range for inactivaËion of enzymes by heat is from 210 kJ/¡role to

630 kJ/mole (Athanosopoulos and lleldnan, l9B0). Therefore, these

enz)rmes are very heat labile and definitely cannot be utilized in pro-

cessing.

4.9 EVALUATION OF STX (6) JERUSALEM ARTICHOKE STRAINS FOR INULASE ACTIVITY

Síx (6) straíns of Jerusalem Artichoke tubers r¡rere screened. for

inulase activiËy. The enz)nne extracËs r¡rere prepared by the abridged rnethod

illustrated in Figure 4. The time required for exÈract preparation was

reduced from approximately 50 hours to approximately 26 hours, enabling

fasËer screening of the tubers for inulase activity. A comparison of

Ëhe enzyme activities of t,he preparaËions shows reduction of the yield by

367" of. total activity and also a decrease in specific activity (Table 9).
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FIG. 19

TEMPERATURE STABILITY OF INUIASE B
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FIG. 20
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TABLE 8

RATE CONSTANTS FOR INACTIVAT]ON OF TNULASES A AND B

AS INFLUENCED BY TWPERATURE

TABLE 9

COMPARISON OF ENZYME ACTIVTTY IN THE PUBLISHED METHOD

"rr" u*r"*

TEMPERATURE
('c. )

CORRELATION
COEFFICIENT

Kx102

Inulase A Inulase B Inulase A Inulase B

40

50

60

927

952

997

912

993

999

077 0

6s0

91

.335

L.69

9.95

SPECIFIC
PROTEIN ACTIVITY ACTIVITY RECOVERY

@e/e (nkat. /g (nkat. /rng (%)
dry tuber) dry tuber) prorein)

Published
Extraction .910 I .037 .200 .Z2O 100

Abridged
ExtracËion .879 ! .023 .L27 .L44 64

AVERAGE OF 4 TRIALS
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However, repeatability was good (sd = 4.3) and data generated can be

used for the comparison of inulase activity in dífferent strains of

Jerusalem Artíchoke tubers.

The activiÈies of six strains which r¡rere screened for inulase

activity are shovm in Table 10. The results showed similar activíties

for NC 10 16, NC 10 31 and NC 10 39 which as a group show a sígnificant

difference to NC Io 22, NC L0 28 and NC 10 40, r¡hích are similar in

activity. This observation indicates thaÈ there is some potentíal for

selecting strains with respect to inulase acËivity.

4.10 INULASE ACTIVITY OF DRIED AND FROZEN JERUSALEM ARTICHOKE TUBERS

In considering the Jerusalem Art.ichoke as a source of high fructose

syrup, the storage of the Ëubers over winter becomes very important.

Hígh D.P. polyfructans and a high fructose/glucose ratío must be main-

tained if high efficiency is to be realized in rhe producrion of high

fructose syrup. rt is therefore necessary to find Ëhe best. storage

method whieh is characterized by low inulase activiËy and therefore low

polyfructan breakdown. The tubers may be stored in several ways. These

include: cold storage, dehydrated and f.rozen.

4.10.1 INI]LASE ACTIVITY OF DRTED TUBERS

Jerusalem Artichoke Ëubers may be stoïed as dehydrated cubes.

Table 11 shows the results of drying cubes at 35"c. for 72 hours and.

65"c. for 8 hours, to 3.222 anð. 3.78% moisËure, respectively. The

resídual activities obtained from enzJnae assays of the heat treated.

Èubers were 10.2i4 and 7.5% for 35oC. and 65oC. treatmenÈs, respectively

(Table 11). However, extrapolation of the 40'c. and 6ooc. tempeïature
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TABLE 10

INULASE ACT]V]TIES OF S]X S-IRAINS OF JERUSALEM ARTICHOKE TUBERS

STRAIN ENZY}M ACTIVITY

(nkat./e dry tuber)

NC 10 16

NC 10 22

NC t0 28

NC 10 31

NC 10 39

NC 10 40

.l-2]-

.0430

.0492

.110

.110

.0s29



-63-

TABLE 11

EFFECTS OF DRYING ON INULASE ACTIVITY

(a)

TIME (hrs) TEMPERATURE (OC) SAMPLE
SPECIFIC ENZYME

ACTIVITY
(nkat . /^e)

RESIDUAI
ACTIVITY

(i4)

65

35

B

72

Dry

Dry

ConÈrol (Fresh)

.024

.033

.322

7.5

LO.2

100

(b)

VARIETY

EFFECTS OF FREEZING ON INULASE EXTRACT ACTIVITY

SAI'ÍPLE
SPECIFIC ENZYME

ACTIVITY
(nkat./re)

RESIDUAI,
ACTIVITY

(/.)

14ll6

NC 10 16

Frozen

Control (Fresh)

Frozen

Control (Fresh)

.1s9

.209

.116

.L44

76.L

100

80.6

100
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stability curves (Figures 18 and 19) Eo 72 hours and B hours respectively,

showed that resídual enzyme activiËies in the dried tubers (Table 12)

were lower than those obtained from the drying study (Table l1a).
Therefore, tubers stored Ín this nanner could be expected. to maintaín

hígh D.P. polyfructans over extended periods.

4.10.2 INULASE ACTIVITY OF FROZEI,{ TUBERS

Jerusalem Artichoke tubers may also be stored f.rozen However, Ëhe

results shown in Table 11 indícate thaË this would be an unacceptable

method of storage if low ínulase activity and high D.p. preservation

were desired during storage. The two strains of tubers investígated

contaíned approximateLy 80"/" of their original inulase acÈivity after
freezing and thawing.
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TA3LE 12

RESIDUAL ENZYME ACTIVITY FOR 40"C. AND 6O'C. HEAT TREAT}MNTS

(FrcuRES 18 ANp 19)

TEMPERATURE ('c.) TI]"íE (hr) Z RESIDUAI ACTIVITY

Inulase A

trnulase B

40

60

72

I
3.6

9.9 x 10 -

-R5.4x10-
-'t o1.7 x 10 ^'

40

60

72

8
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CONCLUSION AND RECO}ß{ENDATIONS

This study showed that the Jerusalem Artichoke tuber of the Manitoba

straín l'I//6 contaíned two inulases. In addition, there was slight invertase

activity presenË in the dormant tubers. The inulases differed in theír
mobility on a DEAE cellulose co_h:mn, in theír susceptíbility to

sucrose inhibition and in their temperaËure sËabílity. Temperature and

pH optima however, as well as Kms, rùere si-mílar for both enz)¡mes. Obser-

vations by Edelman and Jefford (L964) that Jerusalen Artichoke tuber

ínulases hydrolyse lor,¡er D.p. fructans at a fasËer raËe than inulin
(D-P. = 35) were confirned. Low activíties r,rere obtained urhen inulín
was used as a substrate compared with those found for assays employing

SubstraËe M (D.P. = 17). Activicy o-f these two inulases seemed unaffected

by metal ions sínce none of the ínvesÈigated metals resulËed in either

acËivation or inhíbition of the ínulases. All of these findings concurred

with reporÈed data on Èhe characteristics of Jerusaleu Artichoke tuber

ínulases.

Some importanË relationships between the inulases and high fructose

syrup production can be suggested. The inulases had low energies of

inactivation which indicated Èhat they were easily inactivaËed and therefore

cannot be recormended for use in Ëhe hydrolysis of inulin and other poly-

fructans during artichoke tuber processing. rf enzyrnic hydrolysis of

inulin and the other polyfructans of Jerusalem Artichoke tubers is to be

carríed out, then an inulase from another source, possibly a mícrobial

souTce' would have to be used. The ease of inulase inactivation in viËro

was also observed in vívo as demonst,rated in the drying studies. The

resídual activities determined ín the dehydrated tubers were higher than
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calculated values (Table 12) from heat treatment studies (Figures 18 and

19). Based on these results, storage of tubers in the dehydraÈed form

can be recortrnended and should result in minimal polyfrucËan breakdown.

However, further studies are required t,o deËermíne if the drying process

itself causes hydrolysis of inulín and the other polyfructans r¿ith related

changes in the fructose/glucose ratio.

Freezing studies established that inulase activiÈy remained in the

tuber after freezíng and thawíng. This was not surprising, considerj-ng

the winter-hardiness of the tuber. If the tubers were stored frozen

therefore, it would be expected that. Ínu1in hydrolysis would occur during

thawíng. However, investigations into the tha\ding process should be con-

ducted to determine if thawing, by rupturing of the ce1l organerles,

would result in acceleraÈion or inhibition of ínulase activity. Inhibition
constant (K-,) values for the inulases r¡rere 10.4 mM and 3.56 rDM sucrose forl_

inulase A and inulase B respect,ively; a1so, suÇrose ís presenË in the

Èuber at levels of 29 ÐM - 88 nM (fresh basis), but most may not be

avaÍlable to the inulases in the vacuole. However, if the organelles

hrere ruptured during thawing, ít ís conceivable that the sucrose could

Ínteract lirith the enz]¡-rnes resulting in higher ínhibiÈion.

This study has also shornm thaÈ there are varíations in inulase levels
¡moDB different st.raíns of Jerusalem ArÈichoke tubers. It ís possible,

therefore, Èo conducÈ a breedÍng progran geared to selectíng strains 1ow

in inulase activiËy. Strains may also be selected for a low inulase A

to inulase B raËio, thereby exploiting the potential effectiveness of

sucrose inhibitÍon of inulase B in Ëhese strains. However, inulase

acÈívity is only one aspect involved in obtaining a tuber high in inulin



-68-

for high fructose syrup production. Further study is required on the

transferases, ssr and FFT, to deterníne if dífferent strains have

signíficantly differenÈ ssr and FFT activity, assurning that high FFT

and SST actívities result in high D.P. polyfructans and high fructose/

glucose ratio. Selection could then be based on low inulase act.ivity

and high activiÈy of SST and FFT. It may also be valuable to invesËigate

Èhe possibí1ity of actÍvating these transferases during growth and storage

to íncrease inulín synthesis. The observation by Edelman and Jefford

(L964) that degradaËíon of inulin was faster at 1oür temperatures than

aË higher storage temperatures ruay be a result of differences in rate of

the inulases and FFT at these temperaEures. It should be noted that the

ínulases still had about 20% of rheir activiry ar 5"c. (Fígure 7). The

effects of ternperaËure in the storage of Jerusalem ArËichoke tubers may

be similar to those observed in potato storage, where the level of re-

ducing sugars ís a function of Lemperature, favouring high level s of

reducing sugars at low têmperatures and hígh l-evels of starch at higher

Ëemperatures. ThÍs phenomenon would be important in choosÍng a uethod

for Èhawing tubers sËored Í.roz,en. I,Ë would be necessary Èo minimize Èhe

time the Ëuber is at low temperatures thereby minimizing hydrolyis of

ínulin and oËher polyfructans. However, sËudies are required Èo deter-

míne the relationships beËween the inulases and FFT as they relate to

polyfructan breakdown and synthesis aÈ 1ow and high temperaËures during

storage of the tubers
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